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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{Aí
ȟ�+&�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�(�

13



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) 
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Fig. 1.3� Deposition mechanism on a Plasma CVD method 
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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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(8!#iyg@Cw½�<; (3 ) (4 ) (5 )ȸ  

iyg@Cw* Time Ȃ+ RF ȪŽȪÚ* 1 ÔŔ*�ƙ(üğ�;ŋȞ
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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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(a) No smoothing 

 

(b) B-spline and moving average smoothing performed 

    Fig. 2.5. Profile of plasma emission intensity 
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g@Cw> Fig.2.6 (ơ�ȸ12 Ŝ*Ƒ£+ 13.56MHz > 12 ¯·��5*$	;

�9ȷÍ�� 6 ns �"*�ƙĆ>Į!#
;ȸűƼ>+�4%�;ȪŰƖŪĠ
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Ȫ�ǅĮ�<; (6 ) (7 )ȸ"1:ȷŪCFziuUm$	;űƼ*ĻȪǅĮŧť>Ǎ
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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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Fig.2.9 % Fig.2.10 +ȷĻȪHT> N2ȷŰÚ 133PaȷȪŽÔŶļ 13.56MHzȷ

37



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
Ƒ£�Ę9<

�ȸ1� Fig.2.10 8:ȷH2*äÎ%ÏŦȷw|i×ļ>è½��#5iyg@
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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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(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  
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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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Oj8Śŕ��5ǕAr # N2'ľƷ8�6�6 10sccmǔTMB 'ł¹ĵ 10%ǔ
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ǘǕǘǕǖ � � ®©ǅ¨Ò¬&��5ƍƆ�Ă (ÞǍ 1) 

Fig.3.2 ( ǔ Þ Ǎ 1 ' ƨ Ó ½ ³ N f E Y q ņ Ý Ž ħ " � 5 Ǖ Ç 
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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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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. 

81



 
 

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. 


