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ƚȠƙ� RF ĵȏ&đȏȍgsXj);>gwYW  

 

ȠȟȠ � RF ĵȏ+ƒȗ  

 

RFȜ radio frequencyȝĵȏ,ȚÐŢĵȏ&8Ñ-?ȞŞ�)ȏäA��>Ȋ

)ȚÐŢAż�>ȟľŉ%,āŕżÐŢĸ&�$ 13.56MHz �ż�<?$�>ȟ

RF ĵȏ,�ťȏÛAĉǂĉŎ)Â¸�>�ȞQEu)Â¸�>�);"$Ġǡ

�Ɓ(=ȞµǪ+8+,÷ǽƦËgsXjȜCCPȧcapacitively coupled plasmaȝ

&��ȞėǪ+8+,ǙüƦËßȜ ICPȧ inductively coupled plasmaȝgsX

j&�ȟgsXj CVD %,�+ RF ĵȏA±ż�ȞƾƷĔĢAǂ"$�>ȟ

(�Ȟŉõș%±ż��8+, CCP %�=Ȟ�?)#�$, 2.3 +ȓ%ǘƣ)

Ǔ�ȟ  

 

  

4



Ƞȟȡ � ƆťĵȏgsXj& RF ĵȏgsXj+ĵȏŚŘ  

 

gsXjAŻĢ�>gwYW)��$ȞƆťȏÛȞ�ťȏÛ+'!<AÂ¸�

>+�%ĵȏŚŘ,ê��Ɓ(>ȟ  

 

1.2.1� Ɔ ťĵȏgsXj ( 1 )  

�ÛJW+�)ĭ¥�?�ȏŖ)|ôȏÛAÂ¸��&�)ƂŻ�>gsX

jAȞƆťĵȏgsXj&�ȟÂ¸ȏÛ�Ż�>ȏƀ);=JW¨+ȏï,G

buL{A��<?Ȟȏƀ+ĽÍȜAnode ĽÍȝ0¸ǯ�>ȟ�+ǂƑ%�?

<+ȏï�JWï&ȐēĠǄƖ�>&�Ȟȏï+GbuL{);"$JWï

,¹ǢȞǐȍȞ4�,ȏȍ�ȞȏïƸǥ,GbuL{Aíȟ�+&�ȞȏȍǄ

Ɩ);"$ļ�)�<?>ȏï,ȏƀ%¸ǯ�?Ȟ�<(>ǄƖAĐ�Ǣ��Ȟ

ȏï,å �$��ȟ�+;)*�5ƛď)ȏï�å¸�$��ưAȞȏï(

 ?&�ȟ4�Ȟ�+;(ǄƖȏȍ�ż);>ȏïŻĢŚŘAα�ż&�ȟ 

|ĽȞȏȍǄƖ);"$�<?>ŜEHy,ȏƀ&ǬĽÍ (Cathode ĽÍ )0¸

ǯ�?Ȟ9�$ȇŖ)²ǵ�Ȟ�śȏïAĵ¬�>ȟ�+;(EHy);>�

śȏïĵ¬ŚŘA γ�ż&�ȟ�+ȏï,ȈŖ)Í�"$¸ǯ�?Ȟ�+ǭ�

%��żAĐ�Ǣ��ȟƆťĵȏgsXj%,Ȟα�żȞγ�żȞ4�Ȟȏï+ĵ

ȏƜ¨4�,ȏŖ%+ÏÆ&EHy&+©ƦË�dsyW�$ĵȏ+ƩĪ��

?$�>ȟ  

 

1.2.2� Ț ÐŢĵȏgsXj ( 2 ) ( 3 )  

ÐŢĸ�ĸ MHz &(> RF ĵȏ%,ȞƆťĵȏ&,Řǰ�Ɓ(>ȟ4�Ȟ�
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+äËȏŖ,ȇŖzȈŖ&�"�½°A�>�&,%�(�ȞƊŁȇŖzƊŁȈ

ŖȞ4�,C{WȏŖzex{ȏŖ&Ñ/ȟ  

�ťȏÛAÂ¸��&�ȞgsXj�+ȏï9ŜEHy�ȏƀĽÍ4�,ȏƀ

ǬĽÍ)ÀĬºA�>�ȞEHy&ȏï+ǡǽ,ê��Ă��>�7)ȏƀ%¸

ǯ�?Ǳ6ǣȍȜEHy4�,ȏï+ÀĬº+ĬĈȝ)Ă�Ż�>ȟÂ¸ȏÛ�

�ÐŢȔàȜǮćĸƃ kHzȝ+&�,ȏïȞEHy&8)Â¸ȏÛ)ǫĘ�Ȟ

ƆťĵȏgsXj&Ìř)α�ż& γ�ż);"$ĵȏ�ƩĪ�?>�Ȟǡǽ+ê

��EHy,ÐŢĸ�~�>)#?$ÀĬº+ĬĈ�ý��(=ȞƊŁȇŖ)²

ǵ%�>EHy+ĸ�Ūþ�>ȟ�+�7 γ�ż8Ūþ�ȞƆťĵȏ&,Ɓ("

�ŵĠAƎ��&)(>ȟ  

�<)ÐŢĸA~��ȚÐŢȔàȜǮć MHz �~ȝ%,ȞȏŖȃǣȍ;=8

ŜEHy+ĬĈ�ý��(=ȞȏŖȃ%įĮȜ trappingȝ�?$ƊŁȇŖ)²ǵ

%�(�(>�7Ȟ γ�ż,2&B'(�(>ȟ�+Ŷġ�<�<)ÐŢĸA~

�>&Ȟ#�)ȏï8gsXj�)įĮ�?ȞƊŁȈŖ)²ǵ�>ȏïĸ�Ūþ

�>ȟ�+&�ȏï+ǈ£,ȏŖȃ%+α�ż);>8++5&(=Ȟ�?);

"$ĵȏ,ƩĪ�?>ȟ  

γ�żAĝǌ&�(�+%ȞȏŖAĵȏƜ¨+è)¬�$8Ȟ�>�,ȏŖA

ƨƬŴ%Ǎ"$8ĵȏ�Ǣ�>ȟ�+�7 RF ĵȏ,ȏŖŴǡ+Ũ¥+(�ũŦ

(gsXjAę>�&�%�ȞĈČ�Ǽ%�@?$�>ȟ  
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ȠȟȢ � ÷ǽƦËßgsXj
 ( 4 ) ( 5 ) 

 

÷ǽƦËßgsXj (CCP),ȞĉǂĉŎȏŖAƈƕ÷Õ¨)ǔƯ�ȞȏŖ)

RF ȏÛAÂ¸�$Ş��)ȚÐŢȏƀAĔĢ�>ĵȏŚŘ%�>ȟCCP %,f

w]KyNQy_ySȜ blocking capacitorȝAex{ȏŖ+Ɔµ)ĭ¥�>ĝ

ǌ��=Ȟfw]KyNQy_yS�(�äËĵȏ�Ǣ�<(�ȟ�?,ĵȏƜ

¨+ȏï&EHy);>ȏťȜȏïȏťȞEHyȏťȝ+ƐºǯĎ+Ƕ�);>

�7%�>ȟCCP %ĵȏAǢ���7),ȞƸădECW&�ŗğ�ǻǌ%

�>ȟ  

CCP +ƝÀ(ÖǤA Fig.1.1 )Ǝ�ȟ�ť+�ƧȏŭA Va&�Ȟex{ȏŖ

ǆȑ+ȏÛA Vb &�>ȟ�4 Va �Ŝ+ÐŇ%�>&�>&ȞVb 8Ŝ&(>ȟ

ȏï,ex{ȏŖ+Ŝ+ȏƀ)Đ�?Ȍ4>�&%Ȟex{ȏŖ+Ŝ+ȏƀAđ

7>ȟ4�Ȟex{ȏŖ)Ȍ4"�ȏïư,Ǡ+ȏƀA#�=Ȟ�+ȏïAǫ�

ǩ�EHyưAĐ�#�ȞEHyȏťAå¸�>ȟ(�Ȟfw]KyNQy_y

S�ĭ¥�?$�>�&);=ȞRF ȏŭ)KotC�ť?>�&,(�ȟ  

ś) Va�Ǡ+ÐŇ)(>&Ȟex{ȏŖ,ȏï);"$ȏƀAđ7<?�Ŷ

ġ�<Ǡ)Ćȏ�?ȞVb , RF ȏŭ%Â¸�?>ȏÛ;=8ê�(Ǡ+ȏ�)

(>ȟƆµ+Ŝ+ÐŇ%ex{ȏŖ)Ȍ4"$��ȏï,C{WȏŖ+ĽÍ0¸

ǯ�?ȞEHy,ex{ȏŖ+ĽÍ0Đ�#�<?>ȟ  

�?<AÐŇƄ)Ʈ=ǩ��&%ex{ȏŖ+ȏ�,��=Ȟ9�$ȏïȏť

&EHyȏť�ĉǅ�>iEy`)Ƽ!Ɖ�ȟ�+&�ex{ȏŖ,İÝȏ�)

û�$Ǡ+ȏ��ƂŻ�$�=Ȟ�?AƸădECW (self-bias)ȏ�&�ȟ�

+ȏ�;"$ Vb, Va)û�$ Fig.1.2 +;)ç¼�>ȟ  
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Fig. 1.1. Discharge schematic on a CCP 
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Fig. 1.2.� Self bias (Va: Supplied voltage, Vb: Power substrate voltage) 
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ex{ȏŖ+ȏÛ Vb ,ƸădECWȏÛ);= Fig.1.2 +&�=)(=Ȟȏ

ŭȏÛ  ;=8Ǡ+ȏÛ+ÐŇ�Ȁ�(>ȟ�+�&,ŜEHy�ȏŖ+ȏƀ%

¸ǯ�?>Łȃ+å¸Ȟ#4=EHyȏť+å¸)#(�>ȟ  

4�ȞƸădECW,Ǡ+ȏ�%�>+%Ȟex{ȏŖ�Ǩ)ŜEHyAĐ�

#�>ȟȌ4"�ŜEHyư,Ŝ+ƕȃȏƺÿȞEHyU{WȜ ion sheathȝA

ĔĢ�>ȟĵȏ+ŵĜ%�>Ƃ¤,ȞȏïǄƖ);"$¹Ǣ�?�ȏï+ƫÒ)

Ǣ×�ȞƂ¤+ĒĎ,¹Ǣȏï+ùĎ&GbuL{)�ð�>ȟEHyU{W¨

%,ȏïùĎ�Ūþ�$ȏï+ǄƖ�Ūþ�Ȟ¹ǢÃïùĎ8ý��(>�7)Ȟ

U{WǺ,ŝǦƄŃǺȜ dark spaceȝ%Ǎ@?>ȟ�?,gsXj&İǑ�>�

1$+Ŵ�+Ð=)ĔĢ�?>U{W+§Ǯ+ŵĜ%�>ȟ   
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Ƞȟȣ � đȏȍgsXj&ÊƒgwYW  

 

đȏȍgsXj&,ȞgsXjƕȃ�AȘǂ�>Ş�ï+ȏȍĎ��;��

10-3ƑĎ%�>gsXj+�&%�>ȟûűƄ)Ȟ23¦$+Ş�ï�ȏȍ�

$�>Ŷġ+gsXjAó¦ȏȍgsXj&Ñ.Ȟ�Aī�?-ëȈ9ŒǁËŮ

��+ó¦ȏȍgsXj+Ŷġ)��>ȟ  

đȏȍgsXj,Ȟȏï&Ş�ïȜ�EHyƞïȝ+ǡǽĂ�<ȞȏïūĎ

Ȝĸ eV
ĸ 10eVȝ&EHyūĎȜ 0.1eV �¨ȝ)ê�(ȉ�=��>ȟ�+�

&;=ȐĉǅgsXj&8Ñ-?ȞȚGbuL{ȏïA±ż�Ȟŵô+ƞï+5

A¹Ǣzȏȍ��>�&�%�>ȟ�+Ġǡ,ŊĺāñȞŴǡāñA,�7&�

>ř�(gwYW%ż�<?$�= (6 )Ȟ�ǆ�&�$  

 

z�ƾƷâƓȧgsXj+GbuL{A±ż�$ŊĺJWAǐ�ȞŚƶĠƾƷ

+âƓAǂ  

z�ǆȑĴǡȧgsXj+GbuL{%ȞŊĺ+ǆȑ)Ɓǡ(ÃïzïAĥ!

ǧ5Ȟ8&+Ŋĺ&,Ɓ("�ĠǡAĪ#ǆȑA�=¬�  

z�G]\yNȧÅĞĠ+Ē�JWȜ�)ȏŞƄǠĠJWȝAgsXjŶġ)�Ȟ

Z{P]`&(>áŎ+ǆȑA¼ñƄ)´=¬�  

 

+Ȣ#�ī�<?>ȟŉƋƔ%,Ȟ�+gwYW+�%8ƾƷâƓ)ţƅ�ȞŚ

ƶĠƾƷ+âƓAǂ"�ȟ  

� gsXjAż��ƾƷâƓ),�) 2 #+Ĥš�ī�<?>ȟ|#,ȞZ{P

]`&(>Ŋĺ)CuRyA,�7&�>�ŤĠJWAgsXjŶġ)�$ĥ
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!ǧ5ȞÇ�¬�?�ŊĺAáŎ)âƓ��>�We]ZtyN�%�=Ȟ8

|#,ŞƇ�)Ŋĺ&(>ÊƒJWAŨË��ȞgsXj+GbuL{%ǐ�Ȟ

� � % ¼ ñ Ƅ ( Å Ğ A ƥ � ƞ ï A á Ŏ ~ ) â Ɠ � � > � g s X j CVD

ȜChemical Vapor Depositionȧ¼ñŞƇâƓȝ�%�>ȟŉƋƔ%,Ȟ�+ȡ

ƒȗ+ƾƷâƓš�< CVD šAż�ƾƷâƓAǂ"�ȟ  

� CVD š,gsXjAż�>Ľš�è)8ȞŲAż�$ŊĺAǐ�>�Ų

CVD�Ȟv{T{%ŊĺAǐ�>�v{T{CVD�('��>�Ȟđȏȍgs

XjAż��gsXj CVD š,Ȟ�+Êƒ CVD š+�%8�ūgwYW%�

>&�ŵĜ��>ȟgsXj CVD š+ǘƣ)#�$,śȓ%Ǫ1>ȟ  
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ȠȟȤ � gsXj CVD š  ( 7 ) 

 

� CVD(Chemical Vapor Deposition)&,¼ñŞƇĢȀš+�&%�=ȞÃĺ&

(>ŴǡAJWŶġ%�Ƨ�ȞŞƇ�%ǐ��ȞáŎ)Ʒ&�$Ŕ¬�>Ľš

%�>ȟJW+ÅĞ+�7)±ż�?>GbuL{+ƒȗ);"$ȞŲ CVDȞ

¤ CVDȞgsXj CVD ('ƒ�+Ľď�ȂƂ�?$�>ȟ  

� gsXj CVDȜPlasma-Enhanced CVDȝ,ȞgsXj�%+Ş�ï)û

�>ȏïǄƖ);=ŲƄ)Ȑĉǂ(Ŷġ%ÅĞŴǡA¹Ǣ�Ȟ¼ñƄ)ŤĠ¼�

?�EHy9sVIuA±ż�>ȟ�+�7ȞáŎ+ūĎA���$ƾƷA�Ģ

�>�&�Èƶ&(>ȟ��-ȞŲ CVD š%,ȚūǊƷ+�7Ȝ�+&�áŎ

ūĎ, 800Ȩ 1500�&(>ȝƳŲĠŊĺ+�ż('ȅ<?�gwYW)ȅô�

?>äË�é��ȞgsXjAż�� CVD š%,¼ñƄ)ŤĠ¼�?�EHy

9sVIuA±ż�>�7ȞáŎūĎ� 500���+Ŷġ%ƾƷA�Ģ�>�&

�Èƶ&(=ȞŲƄĳ¡+ŪþȞȐƳŲĠáŎ0+ƾƷĔĢ('AÈƶ&�>ȟ

��)gsXj CVD gwYW+ŵĜAƎ� (8 ) (9 )ȟ  

 

(1) Ãĺ,ŞƇŶġ%ÅĞ��>+%ȞŞ�Ãĺ,�+44%ŧ�zÙ�Ã

ĺ,Ş¼�$ż�>�&�%�ȞÃĺŴǡ+ǸĨƵ�Č�ȟ  

(2) gsXjŶġ)�>Ŵǡ,�(=+ȚGbuL{Ŷġ)�=ȞÅĞūĎ

AŲ¼ñÅĞ;=8���>�&�%�>ȟ4�ȞŲ·ñƄ)ÅĞ�Èƶ%�"

$8ŻĢÅĞ�ƽ��ǲ�äËȞgsXj¹ǢŶġAƥž�>�&);=ÅĞ�

�Ǳ�?Ȟº·ñƄ),ǮćØȎ&Ʋ�<?>ÅĞ�Èƶ&(>ȟ�+�7ȞĘ

ō�ÈƶǏ�?$��ƒ�+ƤĢŝAĪ#ļƢŊ+ȂƂȞȚū%��ŻĢ�(�
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Ŋĺ+ƾƷ��ĢÈƶ&(=>ȟ  

(3) ƷĔĢ)��$ȞÅĞ��>JW+¶ËȞÛ·ȞáŎūĎ('ǋĸ+e

sm{ZAŷƘ%³Ě%�>�Ȟ©ŹĠAÎ7³Ě�;=Ȏ��(>&�ÔȖ

Ű��>ȟ  
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Ƞȟȥ � gsXj CVD š);>ƾƷĔĢǴƑ  

 

� gsXj CVD š);>ƾƷ,ȞÅĞJW+ÃïȞEHyȞï('+ƞï�

áŎ~)Șō�Ȟªƭ�?>�&);"$ĔĢ�?>ȟÅĞJW%,ȏƀ%¸ǯ

�?�ȚGbuL{Ŷġ)�>ȏï�JWƞï)ǄƖ�>�7Ȟ¹ǢȞǐȍ4�

,ȏȍ�Ȟ��+;)¹ǢïȞÃïȞȏïȞÊƒïȞsVIuȞEHyA

ŻĢ�>ȟ  

XY + e → XY∗ + e  ȧ¹Ǣ (excitation) 

XY + e → X + Y + e ȧǐȍ (dissociation) 

XY + e → XY! + 2e ȧȏȍ (ionization) 

 → X + Y∗ + 2e 

� ��%ŻĢ�?�sVIu(',�Ġƞï%�>�7ȞĩĶ);"$gsXj

��<¦ĽÍ0Ɛº�>ȟȏïȞEHy+ƺȏƞï,ȏƀ+ĽÍ4�,�+ǬĽ
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)ǄƖAƮ=ǩ�ȞgsXj+ĩĶȞƩĪ��?Ȟ9�$áŎǆȑ)ÅĞŤĠƒ

�ǄƖ�Ȟ�+ǳºGbuL{AŲGbuL{&�$ĵ¬�>ȟŏ¬��Ù�,

�+ŲGbuL{Aę$áŎǆȑ%ǳºAǂ�ȜmigrationȝȞGbuL{�òô

(�Ư%Ʀł&ěŘǰAĔĢ�ȞƷAâƓ�$��ȟ�?<+ÅĞǂƑA Fig.1.3

)4&7>ȟ�~;=ȞgsXj CVD gwYW);>ƾƷ+ĔĢ,ȞÅĞJW

+ƞï+GbuL{Ȟ�?<+Ƈ��żȞáŎŊǡ&ȏƺ�ıAÎ7�Ƈ��żȞ

áŎūĎ(')ê��ĕȒ�?>�&��Ŭ�?> (10 )ȟ  
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Fig. 1.3� Deposition mechanism on a Plasma CVD method 
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+Ō�+çń);"$Ʒ)��>ĕȒ+ǛőAǂ"�ȟ  
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?$�=Ȟ�ǞƷŊĺ4� MEMSȜMicro Electro Mechanical Systemsȝ+ż
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� ŉƋƔ)��$ȞgsXjŶġ+ǒŬ),ƸădECWŬô9Ƃ¤¤šA�
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Ë@�ȞƾƷâƓŁ+ȏï9Ş�ƞï+Ĭ>ƹ�AƲú�$ǂ�8+&�>ȟŵ

)ȞƂ¤¤š)#�$,ŉƋƔ+Ǳǂ)��Ȟļǎ)ȂƂŔǗAǂ"�ȟǘƣ

,ƚȡƙ)$Ǫ1>ȟ  
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Ţ{RP-1000Cȶ(8!#ȷiuUmÄğùÖª*~ȖȪţ(ȴÔŶȪÚ>Â¹

�#
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Fig. 2.1.� Spectroscopic system 
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Fig. 2.2. Operation of the high-speed gated image intensifier 
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iyg@Cw* Time Ȃ+ RF ȪŽȪÚ* 1 ÔŔ*�ƙ(üğ�;ŋȞ

ȵ 13.56MHz $	<, 0� 74nsȶȷ1� Gap Ȃ+iuUmÄğùÖ*~ȖȪţ%

�ȖȪţ%*Ȟ*ƪȞȵĊǞĊŚJrYiț> 30mm %�<,ȷ0mm ÜƁ>~

ȖȪţȷ 30mm ÜƁ>�ȖȪţȶ%üğ�#:ȷ�*iyg@Cw(8!#ȷ
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�ƙ*èȔ(8;iuUmƕ¥*ŋȞƖ{ƪȞƖè½>Ǎû�;�%�$�;ȸ 

'ȷƑ£*¬ťĨŋ(+ Windows eY]mYi*ǥŠ(Î=�# 256 Ȥǹ

$Ƒ£ƌ>Ǟ��ȷļ�\|X%�#ő�®�Ȧ(+ȷǥŠ½ŋ(Ə
�ȢƲ

�$ƨƲ�;�%(8!#ȷöȦ*Ȇċ\|X.%Ě¤�;�%5Éǐ$	;ȸ

�*öȦ*Ȇċ\|X.%Ě¤�;�%(8!#ȷÏ}żôŗ��ȵCp|SC

z[zRg@CA* MCP NCz6 CCD Gpu*ǂ:'&>Ï}%�;ȶ(

�;ǃüƖ'¥Ț*ůȄšǬ�$�;ȸŕǺľ$+ȷöȦ*Ȇċ\|X.*Ě¤

+Ǟ=�ȷ§#*iyg@Cw> 256 Ȥǹ(ǥŠ½��ļ�\|X$�Ĩ��ȸ   
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�   

 

Fig. 2.3.� Background subtraction 

�  

Fig. 2.4.� Result of the image processing 

(Value: Plasma emission phase against RF voltage waveform) 
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ÍƦgBwXvzL(8;Ċſ½ƌ*íđĠ>šǰ�;�4ȷH2 ĻȪ(8

;iyg@Cw>�Ĩ��ȸFig.2.5(a)+Ƒ£\|X>�*11Gzm¾°:[

IT]Ēč$ļ�½�iyg@CvzL��5*ȷ (b)+Ƒ£\|X>à(ȷB-

TiuCzŵ8-Ƥ¼ĊÝŵ(8:ǢȞȷĊſ½��5*>iyg@CvzL

��5*$	;ȸ2 "*iyg@Cw>ůȄ�;%ȷ(a)$+Ƒ£*]vnzLȷ

ǁÎ(��Ů"�6ƶ��Ɨƭ"�ȷ (b)$+ſ9�'iyg@Cw%'!#


;ȸ1�ȷTime ȂȷGap Ȃ(ü�;ƕ¥Đċ>ůȄ�#5ȷŕŘ*\|X>

��ķ'�8�'ĆƔ+Ǥ9<�ȷÍ�ƙ*Œȴƕ¥Đċ*Ɓ>ſ9�(ǉ�

Î=��8�'iyg@Cw('!#
;�%�=�;ȸŕŘȷ\|X* S/N

>ĺÕ�;(+ǒë'\|X*ÆĘ%Ș)Î=��Ğǣ$	;�ȷŕǡǊ+iu

Umżô%
�Ġǽ~ȷƆô*Ƌǻ>Ƽņ�Ǣǿ�;Ğǣ�9żôŋȞ*Ɲǈ�

Ų49<;ȸB-TiuCzŵ8-Ƥ¼ĊÝŵ>ȓ°(ł��%(8!#ȷǒë

'Ƒ£\|X*ÆĘ>Ǟ='�%5ȷ¤\|X*ë1�'Ē+ǅĮ�""ȷS/N

ů*ĺÕ�<�iyg@Cw*ÆĘ�Éǐ$	;%
�;ȸ  

 

  

32



  

 

(a) No smoothing 

 

(b) B-spline and moving average smoothing performed 

    Fig. 2.5. Profile of plasma emission intensity 
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ȺȸȻȸȺ � � ŅRT[o%*ůȄ  

ŅRT[o%ŀRT[o*�ĵĠ>Ơ��""ȷĹ£AivM|Rtz6Ƒ£

ƌAivM|Rtz*AwPvUo*ǤƘ�>Ǟ!�ȸ©�Ɩ(+ȷpqv*

³ƺ~ŅRT[o$+ƈƭ��ļƦ*Ƒ£ƌWg]DEAȵƑ£*ŒȴȆċĳ

ƽƏȷ]vnzLƏȷp\BAzgBwXƏȷǁÎƏȷĊſǢȞƏȶ�Ǟ!#


�}ȏ*ƌ>ȷŀRT[o$+À}*Ƒ£ƌWg]DEA�§#ĭ�8�(

ȝƕ>Ǟ!�ȸ��$ȷŅRT[o%*ůȄšǰ*�4ȷĻȪHT> H2ȷŰÚ

133PaȷȪŽÔŶļ 13.56MHzȷȪ¸ 100WȷH2ŸȚ 50sccmȷȪţŻċ>ȫ¹

Ƅ%�ȷH�ȵn=4�n=2ɀ486.2nmȶ*ŋƪȞ¯ǨƑ£>ÆĘ�ȷŀŅ 2 "*Ƒ

£ƌRT[o(8!#iyg@Cw>�Ĩ��ȸėŘ*Ƒ£ƌRT[o8

-ŀ��ȝƕ��Ĺ£RT[o$�<�< 12 Ŝ*Ƒ£ȵ 13.56MHz > 12 ¯·ȶ

>ÆĘ�ȷŀŅȺ"*Ƒ£ƌRT[o$Ƒ£ƌ>Ǟ!� H�*ƕ¥¯¥iy

g@Cw> Fig.2.6 (ơ�ȸ12 Ŝ*Ƒ£+ 13.56MHz > 12 ¯·��5*$	;

�9ȷÍ�� 6 ns �"*�ƙĆ>Į!#
;ȸűƼ>+�4%�;ȪŰƖŪĠ

HT(8;ùȚĠ RF iuUm+ȷcwK�$*êļIrvA$	;Ȫî�ŪC

FzR|T.Ƥ¼��ĕȷR|TƯ$Äý�<;Ȧ(Ǿ�;ȪȨǟƫ(8!#Ļ

Ȫ�ǅĮ�<; (6 ) (7 )ȸ"1:ȷŪCFziuUm$	;űƼ*ĻȪǅĮŧť>Ǎ

ĥ�;%ȷĘ9<�iyg@Cw+íđ'ǁŝ$	:ȷŅRT[o%*iyg@

CwƑ£*ĆƔ�0%?&ǤÇ�9<'
�%�9ȷŀRT[o�ŅRT[o%

*¿¯'�ĵĠ>œ�#
;%Ǎ�9<;ȸ  
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Fig. 2.6.� Results of processing obtained by (a) the old system and (b) the 

new system 
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ȺȸȻȸȻ � � Ĺ£ȎċǍû  

ũ(ȷĹ£Ȏċ("
#Ǎû�;ȸLx|TM|weY]mYiƑ£* 1 fK

Vw	�:*ŒëġãȚ+ 8bitɂ 1Byte $	;�4ȷŕƟƩ$Ə
�Gpu*œ

»ƑƼļ 266664 fKVwȵ 512�492 fKVwȶ8:ȷƑ£\|X 1 Ŝ	�:

*ùȚ+Œë 266664Byte $	;ȸgx|oLuck|^* DMA ŒëȁȊȎċ

+ 250MB/sec $	;*$ȷȹƣȞ	�:*ŒëȁȊŜļ+ƌǺ~ȷƺ 983 Ŝ

ȵ 983fpsȶ$	;ȸGpu*gx|ox|]� 60fps $	;�%>Ǎĥ�;%ȷ

¿¯ȴȎ'Ȏċ$	;%Ǎ�9<;ȸė!#ȷGpu*gx|ox|]%ůȄ�

#ȷgx|oLuck|^* DMA ȁȊȎċ�ëĈ(ȴȎ$	;�4ȷWg]D

EA¡$DEC]>Ǌ�ȷƑ£ÆĘȎċ>Oz]y|w�;Ğǣ�	!�ȸŕƟ

Ʃ$+ȷWg]DEA¡$ƺ 17ms *GDzX|DEC]>Ǌ�ȷGpu¡*g

x|ox|]$	; 60fps (Î�8�ǹĽ>��ȸ�*DEC]Ȟȥ>ǹĽ�;

�%$ȷ�9(ȴȎ'gx|ox|]>œ�;Gpu(5¿¯üğ$�;%Ǎ�

9<;ȸŅRT[o$+ȷ 60 Ŝ*Ƒ£ÆĘȷȘ)Î=�ȷcYKLuDz^*

ȢÃ%
!�}ȏ*ƀƲ(ƺ 45 ƣ*ŋȞ>ǣ�#
��ȷŕƟƩ$Ę9<�ǁ

ŝ$+ȷGpu*gx|ox|]%ÏƱ�~*ȴȎƀƲ>öƋ�;�%�$��ȸ 
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ȺȸȻȸȼ � � w|i×ļůȄ  

Ĺ£Ȏċ*Ǎû(8!#ȷ¿¯'Ĺ£Ȏċ>œ�;�%�ƭǰ$���4ȷƝ

ŋȞ$ëȚ*Ƒ£*Ǹ2ȇ2�Éǐ$	;�%�ơ�<�ȸ���!#ȷȘ)Î

=�×ļ>æ¹��;�%(8;ȷS/N ů*Ñ~�ŔĔ$�;%Ǎ�9<;ȸŒ

ĕ(ȷȘ)Î=�*×ļ>è½��;�%(8!#ȷiyg@Cw(&*8�'

ēȭ>��;�>Ǎû�;ȸFig.2.7 +ȷĹ£ŋ*w|iƌ> 60 ×ȷ 120 ×ȷ

180 ×ȷ 240 ×%è½���äÎ*Ƒ£ƌǁŝ$	;ȸĻȪHT> H2ȷŰÚ

133PaȷȪŽÔŶļ 13.56MHzȷȪ¸ 100WȷH2ŸȚ 50sccmȷȪţŻċ>ȫ¹

Ƅ%�ȷH�ȵ 486.1nmȶ*ƕ¥>ǧż��ȸ60fps $ 60 Ŝ*Ƒ£*Ǹ2ȇ2(

+ 1 ƣ*ŋȞ>ǣ�;�%�9ȷ120 Ŝ$ 2 ƣȷ180 Ŝ$ 3 ƣȷ240 Ŝ$ 4 ƣ*

ŋȞ>ǣ�;ȸ 4 Ŝ*Ƒ£>ůȄ�;%ȷw|i×ļ�æ¹�;(���!#ȷ

ň;
Ȗ¯%ŏ
Ȗ¯*Ć�ë�
ȷOz]uT]*Đ
Ƒ£('!#
;�%

�¯�;ȸ�*�%+ȷw|i×ļ*æ¹(8!#ȷƕ¥*Đ
Ȗ¯%ď
Ȗ¯

*Ć�Đǹ�<#
;�%>Ǡ�#
;ȸ4 Ŝ*Ƒ£8:�Ĩ��iyg@Cw

> Fig.2.8 (ơ�ȸ� 95ȷw|i×ļ*æ¹(8!#ȷf|K�Ǌ�Ė�(

ȴ�'!#
;�%�¯�;ȸFig.2.6 $Ę9<�iyg@Cw%êÿĒ�Ɣ'

!#
;�ȷ�<+ MCP *NCz>èŐ���4%Ǎ�9<;ȸ¹�#ȷ�Ȗ

ȪţȈ¢ȵ 25Ɇ 30mm �Ȉȶ*ƕ¥*ď
Ȗ¯+�
11$	;�%�9ȷw

|i×ļ*æ¹(8; S/N ů*Ñ~%ƕ¥Ȗ¯*Đǹ½�ơ�<�ȸ���ȷ

Ƒ£6iyg@Cw*1�'Ē(ëĈ'è½�Ǥ9<'
�%�9ȷw|i

×ļ+ 60 ×ƥċ$5ȷ¶ȉ*Ċſ½ƌ>ȓ°(Ǟ��%$¿¯öƏ(Ǐ��

;iyg@Cw>�Ĩ$�;%Ǎ�9<;ȸ  

Fig.2.9 % Fig.2.10 +ȷĻȪHT> N2ȷŰÚ 133PaȷȪŽÔŶļ 13.56MHzȷ
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Ȫ¸ 60WȷN2ŸȚ 50sccmȷȪţŻċ>ȫ¹Ƅ%�ȷN2 2p(0,0)ȵC3Πu�B3Πgɀ

337.1nmȶ*ƕ¥>ǧż��iyg@Cw$	;ȸFig.2.9 8:ȷH2*äÎ%Ï

Ŧȷw|i×ļ>æ¹��;�%(8:ȷ8:Oz]uT]*Đ
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�ȸ1� Fig.2.10 8:ȷH2*äÎ%ÏŦȷw|i×ļ>è½��#5iyg@

Cw*ë1�'Ē(ë�'è½+Ǥ9<'�!�ȸ  
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Fig. 2.7.� H2 discharge results of processing at (a) 60, (b) 120, (c) 

180 and (d) 240 of loop 
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Fig. 2.8.� H2 discharge profiles at (a) 60, (b) 120, (c) 180 and (d) 240 of 

loop 
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Fig. 2.9.� N2 discharge results of processing at (a) 60, (b) 120, (c) 180 and 

(d) 240 of loop 
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Fig. 2.10.� N2 discharge profiles at (a) 60, (b) 120, (c) 180 and (d) 240 of loop 
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Ŵǘų� ű¬g=ŻǑBNǒƍƆ'ÎŬ  

 

� ǘǕǖ � � šŮ'Ŝś#ĭƗ  

 

ƪƫƷǔǎôñǔǎƃŎŵ'İƄ8Ğ�5ĢĖ'ǆƗ'ǎ,4&�	ǔǄ§Ģ

©ì&�ŗ�5ì 'ÿƄ»z�ķ/36!	5ǕǄ§Ģ©ìì (ǔyƊś&

(ŢƧƓƘ8Ę��ƪŢì "�5ǕS<nluZƆ1 DLCǑDiamond-like 

CarbonǒƆ(ǔ�ƒś%ŢƧƓƘĢ"�5�ǔ�63(ŋŻ#Ƹ#'ǎ	²þ

ÿ'�/&ƸŹì &(��%	 (1 )ǕƸŹŻĢ&0Ƴŗ"�5ǎŢñ'ŢƧƓƘ

Ģ'Þŗ¬�ğ,65ă�"�4ǔS<nluZ&ı�Ţñ8Ć ű¬g=Ż

(BN)(Ğ¨ĢĖ"�5Ǖ  

BN (�çĮư'0' (turbostratic BN, t-BN)8(�/îÈŞ'�ėěŹ

(hexagonal BN, h-BN)#ǎÈŞ'ŲėěŹ (cubic BN, c-BN)'0'0¹Ă�6

5Ǖ c-BN (S<nluZ&ı�Ţñ8Ć �#3ǔ�68ƓƘ��©ìì 

'ƻŚ�ğ,6ǔ�Ņ�È{"¹ĂĹ'šŮ�Ÿ¨ś&Ə76!	5Ǖ  

��)ǔÏ�3(ǔBF3# N28~ĢĖBN#�5 CVD Ĺ" Si ÍĤz& c-BN

8ÎŬ� (2 )ǔĕƎ3( BCl3# NH38~ĢĖBN#�5îÈ CVD Ĺ" BN Ɔ'

Žěÿ#ĥ¢Ņñ'ƽ�8ĪƝ�!	5 (3 )ǕyėǔŏŚÿǔƅǌÿǔĞĴÿ8Ğ

�5 BF31 BCl3%$'ĢĖ�ŗ8ƴ�� BN ƆÎŬ'šŮ0Ə76!	5Ǖ�

�) B4C 8RxGUY#��ŎrxKxĹ&25 B-C-N Ɔ'ÎŬ (4 )ǔh-BN 8

RxGUY#��N`URpuFĹ&25 BN ƆÎŬ (5 )ŵ��5Ǖ,�ǔYpk

TqhrxY (B(OCH3)3ǚ�{ TMB)8~ĢĖ#�5 BN ƆÎŬšŮ0Ə76!

	5ǕTMB # N2 8~ĢĖBN#�!ǔYasui 3(j<EsĺĐǅ (2.45GHz) (6 )ǔ
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Chen 3(�¿ĺĐǅ (100kHz) (7 )"¸�BN ƍƆ8ÎŬ�!	5Ǖ  

ġšŮ'Ŝś(ǔTMB # N2 8~ĢĖBN#�! 13.56MHz ' RF eoOj

CVD Ĺ&24ǎŢñ BN Ɔ8ÎŬ��ǔBN Ɔ'Ơ�Žħ3ÎŬėĹ8ĪƟ�

5�#"�5Ǖ  
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ǘǕǗ� � ÞǍƔƁ�2*ÞǍėĹ  

 

ǘǕǗǕǖ � � ÞǍƔƁ  

Fig.3.1 (�ŗ��ßƷŽ¹ÌeoOjÞǍƔƁ"�5ǕNWurN (SUS304)

ƕ'ĐǅT>u_(¡ø 290mmǔǎ� 300mm "�5ǕïƏïĤǅĬŹ(ǔz

ƶ (`tx )ǅĬ!200mm #{ƶ (ÍĤ )ǅĬ!120mm "ĮĂ�ǔ{ƶǅĬ&ŝľ_

<:NǅÈ8®©�5�#�¶Ƅ"�4ǔǅĬƼǁ( 80mm yÝ#��Ǖǅ¨

(ǔ13.56MHz ' RF ǅň (`xqìī RP-1000C)&ē¹Å (:NWUE MTM-50)

8��!zƶǅĬ&�ž�5ǕǅÈĺö'ƚņ(ǔXMRq@LsNHxe (ê

ëƮ�İ LT3444LS)"Ə
ǕT>u_'ĉĶ(ǔsxRpxiue (Cm]u:

\q_ M2015SD)#Ɩ¹£×iue (ÕƾşůİÅƕ�ă TG200)"Ə	ǔ¥Ʋş

ůñ( 10-6Pa "�5ǕÈ¨ņÝ(ǔǅǃşůƜ (:\q_ MIG-831)#ǁƆşů

Ɯ (ęġ MKS TYPE127A)"Ə
Ǖ  

ĢĖBN(ǔAr(>99.999%)# N2(>99.999%)ǔTMB (>97.0%)8ŗ	�ǕTMB

'Őÿ�8 Table1ǔĮưò8 Formula 1 &Ť�ǕAr # N2(jNcsxHuY

sxo&24ľƷ8Ƣē�ǔ`txǅĬ&ƻ�36� 45 �'ŭ (ŝø 0.5mm)8

Ʈ�!�ž�5ǕîŅ"ŀ�' TMB (ƌĶÈ"Ķ¬��!NYUe_qd#[

xZq_qd8��!T>u_�Ǉ3�ž�ǔł¹ĵ'ĸÝ(T>u_¡'Ķ

ÈņÝ&24Ə
Ǖ  
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Fig. 3.1 . Schematic diagram of experimental apparatus. 
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Table1. Chemical properties of TMB 

Formula 
Molecular 

mass 

Boiling 

point(� ) 

Melting 

point(� ) 

Relative 

density 

B(OCH3)3 103.92 -34 68-69 0.932 

 

 

  

 

 

Formula 1. Structural  formula of TMB 
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ǘǕǗǕǗ � ÞǍėĹ  

yƬ 10mm ' p Ì Si(100)ÍĤ8:PYu#kR]xq"ƪǈĺļĿ�ǔds

:x&2�!ÍĤƒǇ':qHxq8ǋ)�ǔ{ƶǅĬ}Ö&ƞƁ�5Ǖı&ǔ

T>u_¡8 10-5Pa Ūñ,"şůó���'�ǔĢĖBN8�ž�! RF eo

Oj8Śŕ��5ǕAr # N2'ľƷ8�6�6 10sccmǔTMB 'ł¹ĵ 10%ǔ

ĶÈ 80 PaǔÎŬĚƼ 2 ĚƼ8�Ʈģ�#�ǔ  

 

(1)  ÞǍ 1� {ƶǅĬ8ĊÊ�!ǔDmUeƼ&ǅ¨ p  = 40ǔ 60ǔ 80ǔ 100ǔ

120ǔ 140(W)8®©�5Ǖ  

 

(2)ÞǍ 2� {ƶǅĬ& DC _<:NǅÈ Vb = -50ǔ -100ǔ -150ǔ -200ǔ -250ǔ

-300ǔ -350(V)8©�!ǔDmUeƼ& p  = 80(W)8®©�5Ǖ  

 

�zǔ 2  'ÞǍ8Ə��Ǖ  

ÎŬƍƆƠ�(ǔcxp?ÒčÌƨÓ½³£�Å (FT-IR; BOMEM MB-100)ǔ

aUAxNŢñƜ (:AL MVK-G3)ǔ°×Ƽ¨Ǌüƺ (AFM; P<Hx<uNV

qkuY SPI3700)ǔ?peQkxR (:q_UE ESM-1)8ŗ	!Ə
Ǖ�!'

ƆƧņÝ(ǔºį'ģ�&! 3 ĦÎŬ���0'8 5 Ŷă (}Ö�2* 4 ƿ )ǔƜ
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B-O-N(1430-1470cm-1)ǔB-O(1193)ǔh-BN(780ǔ 1380)'bxE (5 )  ~  (9 )'ØÉ8
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Fig. 3.2.  Infrared absorption of BN films for various p  values. 
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Fig. 3.3.  Peaks of infrared absorption intensity vs p 

 

Fig. 3.4.  Vickers hardness vs p values. 
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Fig. 3.5.  Film thickness vs p values. 

 

Fig. 3.6.  RMS values vs p values. 
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�#�£5Ǖ�'�#(ǔVb 'Õ��&2�!Ĳ<@u'ÍĤƒǇ+�ã�
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Fig.3.10 ( Vb&â�5ƆƒǇŷ� (RMS � )'Ò¬"�4ǔFig.3.11 (Ɔ¯Ò

¬8�6�6Ť�!	5Ǖ|Vb|'Ñ©&â�! RMS �ǔƆ¯#0&Ńå�!	

5�#�£5ǕArǓ'ÍĤ+'�ã?\qDx'Ñ©&�	 c-BNǔh-BN 'ŕ

Ă���65�ǔÕ���5#Ɔ}£×'N`UR�ŗ�Õ��%5##0&Í
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5ǕÞǍ 1 #ºįǔJueq&25Õ�%ņÝ�')3 �(ƙ´�36%�

�Ǖ  

  

58



  

 

Fig. 3.7.  Infrared absorption of BN films for various Vb values. 
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Fig. 3.8.  Peaks of infrared absorption intensity vs Vb  values. 
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Fig. 3.9.  Effective bias voltages vs Vb  values.  

 

Fig. 3.10. RMS values vs Vb  values.  
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Fig. 3.11. Film thichness vs Vb  values.  

 
Fig. 3.12. Vickers hardness vs Vb  values. 
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Table 4.1.�  Chemical properties of TMS 

Formula 
Molecular 

mass 

Boil ing 

point 

(� ) 

Melting 

point 

(� ) 

Relative 

density 

Refractive 

index 

Average binding 

energy (kJ/mol) 

Si(CH3)4 88.23 26-28 -99 0.648 1.3580 
Si-C Si-H C-H 

316 393 413 

 

 

Formula 1. Structural  formula of TMS 
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Fig. 4 .1.� FT-IR spectra at 66.7, 100 and 133Pa. 
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Fig. 4.2.� Separated FT-IR spectra at 66.7, 100 and 133Pa. 
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Fig. 4.3.� FT-IR spectra at 673, 773, 873 and 973K of substrate 
temperature. 
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Fig. 4.4 .� Separated FT-IR spectra at 673, 773, 873 and 973K 

of substrate temperature. 
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Fig. 4.5 .� Refractive index at 673, 773, 873 and 973K of substrate 
temperature. 
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Fig. 4.6.� Deposition rate at 673, 773, 873 and 973K of substrate 
temperature. 
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Fig. 4.7.� XPS spectra at 673, 773, 873 and 973K of substrate 
temperature. 
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Fig. 4.8.� FT-IR spectra at 20, 40, 60 and 80sccm of H2 flow 

rate.  
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Fig. 4.9.� Separated FT-IR spectra at 20, 40, 60 and 80sccm of 
H2 flow rate. 
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Fig. 4.10.� RMS number at 20, 40, 60 and 80sccm of hydrogen flow 

rate.  
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Fig. 4.11.� XPS spectra at 20, 40, 60 and 80sccm of hydrogen flow rate. 
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Fig. 4.12.� FT-IR spectra at 2,  3, 4 and 5% of TMS mixture 
rate.  
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Fig. 4.13.� Separated FT-IR spectra at 2, 3,  4  and 5% of TMS 
mixture rate. 
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Fig. 4.14.� RMS number at 2 , 3 , 4  and 5% of TMS mixture rate. 
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ABSTRACT 
 

Recently, as a great demand for high-strength and high-hardness materials is rising, 
improvement in performance of tools which manufacture those materials is being 
needed. In this research, we prepared boron-nitride (BN) and silicon carbide nitride 
(SICN) thin films using RF plasma CVD method and evaluated them, and newly 
developed a plasma spectroscopic measurement instrument by an image processing 
method for the purpose of investigation into the characteristics of plasma. 

This paper is composed of 5 chapters. In chapter 1, outlines of RF plasma and 
deposition techniques of thin films are discussed. 

In chapter 2, development of a plasma spectroscopic measurement, comparison 
between newer system and older one, and properness of image processing techniques 
are discussed. As results, newer one has compatibility with older one sufficiently. 
Besides, noise suppression and improvement of S/N ratio was achieved by some image 
processing techniques. Moreover, such high-speed photography as 983fps was achieved. 

In chapter 3, deposition and evaluation of BN thin films using a mixture of 
Trimethylborate (TMB: B(OCH3)3), nitrogen, and argon gas is discussed. At the 
condition of 10sccm in Ar and N2 flow rate, 80Pa in pressure, 10% in mixture rate of 
TMB, 13.56MHz in RF frequency, 2 difference experiments are done: (1)the substrate 
electrode was grounded, (2)DC bias voltage was supplied to the substrate electrode. 
Substrate was not heated. On the experiment (1), as the power was set to 80W, the 
infrared absorption peaks of B-O-N, B-O, and h-BN became the highest, the hardness of 
the films turned 2589Hv. On the experiment (2), as the power was set to 80W, bias 
voltage to -200V, the infrared absorption peaks of B-O-N, c-BN, and h-BN became the 
highest, the hardness of the films turned 4330Hv, the highest value on this experiment. 
This results depends on the smoothing and densification by spattering of Ar+ ions. As 
results, the deposition of high-hardness BN films using TMB, safety material gas, by a 
common charge-coupled plasma CVD method was proposed. 

In chapter 4, low-temperature deposition and evaluation of SiCN thin films using a 
mixture of Tetramethylsilane (TMS: Si(CH3)4), nitrogen, and hydrogen gas is discussed. 
It was found that the temperature of substrate increased elimination and absorption 
reaction on the surface, and a fine film could be deposited at the temperature of 973K. 
To deposit SiCN with lower temperature, H2 flow rate was changed. As results, it was 
found that H2 flow rate had great influence on the efficiency of decomposition of TMS. 
Moreover, the roughness of substrate was affected by the mixture rate of TMS. We could 
obtain the films nearly similar to the 973K ones at the state of 100Pa of pressure, 773K 
of substrate temperature, 80sccm of H2 flow rate, and TMS mixture rate of 3% to 5%. In 
particular, 5% of TMS mixture rate could be considered as the best condition on this 
experiment. 

In chapter 5, conclusions based on the experiments were descrobed. 


