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1.1  

1957 10 ⁸ ─ ☻ⱪכ♩♬◒ ─ ∟ →⌐♁ ⅜ ⇔⁸

⅜ ⌐ ╦╣╢╟℮⌐⌂∫√⁹ ╕≢⌐⁸ │5000 ∟ →╠╣⁸

⁸ ⁸ ⌂≥ ₁⌂Ⱶ♇◦ꜛfi⌐ ↕╣≡™╢⁹ ה

⁸GPS ⌐╟╢ ה ⌂≥─♫ⱦ◕כ◦ꜛfi⁸ ╩ ™√ │⁸╙

│╛ √∟─ ⌐ ⌂╙─≤⌂∫≡™╢⁹ 

⁸ ─ ≢╙ ─╙─⅜ ↕╣≡⅝≡™╢⁹ ≤│⁸

⌂ │⌂™⅜ ⌐ ⅜ 1 ton ╟╡ ↕™⅛⁸№╢™│ 500 kg ─ ─↓

≤╩ ∆⁹ ╩ ≢⅝╣┌⁸ ─ ╛◖☻♩─ ⅜ ╘╢⁹

─ │ 5 ⅛╠ 10 ⁸◖☻♩│ ≢№╢⁹ ⁸ ─

│ 3 ⁸◖☻♩│ ⅛╠ ≢ ∟ →⅜ ≢№╢(1)⁹ ◘▬◒ꜟ⅜

↕╣╢≤⁸ ─ ⌂ ⌐ ≢⅝⁸♃▬ⱶꜞכ⌂ ⅜ ≢

№╢⁹╕√⁸ ◖☻♩ ⌐╟╡⁸ ⌂ⱪ꜡☺▼◒♩╙ ≢№╢⁹ 

╩ ⇔√ ⁸ ≢⅝╢ ⅜ ⇔≡⇔╕℮⅜ⱨ◊כⱷfi◦ꜛfiⱨꜝ▬

♩╩ ℮↓≤≢ ─Ⱶ♇◦ꜛfi╩ ℮↓≤╙ ≤⌂╢⁹ⱨ◊כⱷכ◦ꜛfiⱨ

ꜝ▬♩≤│⁸ ─ ⅜∕╣∙╣ ╩ ⇔⁸ ⇔≡ ≈─Ⱶ♇◦ꜛfi╩

∆╢ ≢№╢⁹ⱨ◊כⱷכ◦ꜛfiⱨꜝ▬♩╩ ∫√ ⁸ ⅜ ⇔√≤⅝│∕─

╦╡─ ╩ ∟ →╣┌ ™√╘ꜞ☻◒─ ⅜≢⅝╢⁹ 

⇔⅛⇔⌂⅜╠⁸ │∕─◘▬☼─ ⌐╟╡ ≢⅝╢ ⅜ ╠╣⁸

₁⌂Ⱶ♇◦ꜛfi⌐ ⇔╟℮≤∆╢≤ ─ ─ ™☻ꜝ☻♃⅜ ≢№

╢⁹∕↓≢ ─ ─ ™☻ꜝ☻♃≤⇔≡ ↕╣≡™╢─⅜ ≢№╢⁹ 

│ ◄Ⱡꜟ◑כ╛ ◄Ⱡꜟ◑כ╩ ◄Ⱡꜟ◑כ⌐ ⇔√

◒כ▪⁸ ⌂≥⌐╟╡ ╩ ה ↕∑⁸↕╕↨╕⌂ ≢ ╩ ⇔⁸

∕─ ⌐╟∫≡ ╩ ↕∑╢⁹ │ ─ ╟╡ ⅜ ™⁹

↕╣≡™╢ ⌂ │⁸▬○fi☻ꜝ☻♃⁸▪⁸♃☻ꜝ☻♩♇▼☺◒כ

MPD Magneto -Plasma-Dynamic ☻ꜝ☻♃ ┘ⱱ⁹(2)╢№⅜♃☻ꜝ☻ꜟכFig.1 -1 ⌐

─ √╡─ ≤ ─ ╩ ∆⁹↓╣╠

─ │Ⱶ♇◦ꜛfi⌐╟∫≡ ™ ↑⅜⌂↕╣≡⅔╡⁸⌂⅛≢╙▬○fi☻ꜝ☻♃

│ │ ™╙── ─ ≤ ═ ⅜ ↄ⁸ ─ ─

╛ ⌐ ⇔≡™╢⁹ 

─▬○fi☻ꜝ☻♃╩ ⌐ ≢⅝╣┌⁸ ─ ╩ ⌐ ≢⅝⁸
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─ ≢│ ≢№∫√ ─ ╛ ⁸╕√ ⅜

─♦Ⱪꜞ≤⌂╠⌂™√╘─ ⌂≥╙ ⌐⌂╢⁹ 

▬○fi☻ꜝ☻♃─ ≢╙ ⅜ ≢⅝╢ⱴ▬◒꜡ ▬○fi☻ꜝ☻♃⌐

⇔√⁹ⱴ▬◒꜡ ▬○fi☻ꜝ☻♃⌐⅔™≡ⱪꜝ☼ⱴ⅛╠─▬○fi │ⱪ

ꜝ☼ⱴ ⌐ ∆╢⁹⌂─≢⁸ⱪꜝ☼ⱴ │ ™╒℮⅜╟™⅜◌♇♩○ⱨ ╩

ⅎ╢ ─ⱪꜝ☼ⱴ│ⱴ▬◒꜡ ╩ ⇔≡⇔╕℮⁹ ╟╡ ─╒℮⅜◌♇♩

○ⱨ ⅜ ™√╘⁸ⱪꜝ☼ⱴ ⅜ ™ ⌐ ≢⅝╢⁹∕─√╘⁸ ⌐ⱴ▬◒

꜡ ▬○fi☻ꜝ☻♃│⁸4 GHz, 6 GHz ─ ╩ ∆╢⁹2005 9 ⌐

▬♩◌꞉⌐ ⇔√ │╛┬↕─ ɡ10 ╙ 4.2 GHz ─ ╩ ⇔

≡™╢(3)⁹ 

⇔⅛⇔⌂⅜╠⁸ ─▬○fi☻ꜝ☻♃≢│ ─ ⌐╟╡◌♇♩○ⱨ

─ ─ⱪꜝ☼ⱴ⅜ ↕╣√(4)⁹◌♇♩○ⱨ ─ ⅜ ⌂™⌂╠┌⁸ⱴ▬◒꜡

│ ↕™≤ ⅎ╠╣╢⁹ 

 

1.2  

─▬○fi☻ꜝ☻♃≢│⁸ 0.2 sccm ⱴ▬◒꜡ 8 W⌐

⅔™≡ ▬○fi ◖☻♩611W/A 0.91 0.79 mN 0.58

≤™℮ ™ ⅜ ╠╣√(5) ⁹↕╠⌂╢ ≤⇔≡◦☻♥ⱶ ─ ╩ ⅎ

╢ ≢⁸ⱴ▬◒꜡ │ ⅝ↄ ⇔≡ↄ╢⁹ ∆╢ⱴ▬◒꜡ ─ ⅜ ↄ

╛ꜟⱩכ◔≥╢⌂ ⌂≥≢─ ⅜ ⅝ↄ⌂╢⁹Fig.1 -2 ⌐ ≢╙ כ◔√⇔

ⱩꜟHuber Suhner ─MULTIFLEX MF 86 ─ ꜟⱩכ◔≥ ─ ╩ ∆⁹

ⱴ▬◒꜡ ⅜ ↄ⌂╢⌐≈╣≡◔כⱩꜟ │ ⅎ≡™╢⁹ ≢ ⇔√ⱴ

▬◒꜡ 0.9 GHz≢│0.7 dB/m⁸4.2 GHz≢│1.6 dB/m≤ ⅝ↄ ∫√⁹↓─╟

℮⌐ ≢╙ ≤ ─ ⅜ ≢⅝╢≤◦☻♥ⱶ ─ │

∆╢⁹∕↓≢ ≢│⁸ⱴ▬◒꜡ ▬○fi☻ꜝ☻♃─ⱴ▬◒꜡

╩ ∆╢↓≤╩ ≤∆╢⁹ 
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Fig.1 -1 ─ ≤ ─  

 

 
Fig.1 ꜟⱩכ◔≥ 2- ─ ─  

SUNER ® MICROWAVACABLE AND ASSEMBLIES  

GENERAL CATALOGUE  
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2.1 ▬○fi☻ꜝ☻♃─ (2) 

▬○fi☻ꜝ☻♃─ ╩Fig.2 -1 ⌐ ∆⁹▬○fi☻ꜝ☻♃│▪כ◒ ╛ⱴ▬◒꜡

⌂≥≢ ╩ ה ↕∑≡ⱪꜝ☼ⱴ╩ ⇔⁸2 ⌂™⇔3 ⅛╠⌂╢ ─

⌐1000 V ─ ╩ ↕∑≡▬○fi╩ ∆╢≤™℮ ─

≢№╢⁹▬○fi☻ꜝ☻♃│ ⌐3≈─ ⅛╠ ↕╣≡™╢⁹ 

 

ᵑ ╩ ∆╢▬○fi  Ionization  

ᵒ ↕╣√▬○fi╩ ⌐ ⇔≡ ╩ ╢  Acceleration  

ᵓ ↕╣√▬○fiⱦכⱶ╩ ⌐ ∆╢  Neutralization  

 

↓╣╠─ │∕╣∙╣▬○fi ⌐╟∫≡ ╦╣╢⁹ 

 

 

 

Fig.2 -1 ▬○fi☻ꜝ☻♃─  
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↓↓≢ ↕╣√ⱪꜝ☼ⱴ ┘∕─ⱦכⱶ ⅝ ⇔⌐≈™≡ ⅎ≡╖╢⁹ⱪꜝ☼ⱴ

│ ▬○fi≤ ─ ⅜ ⇔ↄ ≤ ─ ⅜ ╡ ∫√ ⌐ ⌂

⌐№╢⁹ⱪꜝ☼ⱴ─ ⌐ ⇔≡ ─ ╩ ≈ ⅜ ∆╢≤ ─

Ᵽꜝfi☻⅜ ╣ │ ↕╣≡ ▬○fi─ ∞↑⅜ ⅜☻כ◦╢∆ ↕

╣╢⁹ⱪꜝ☼ⱴ ─ │▬○fi⌐ ═≡ ⅜ ⅝ↄ ◄Ⱡꜟ◑כ ╩ ∫≡™

╢√╘ ▬○fi⅜ⱪꜝ☼ⱴ⅛╠ ╡ ↕╣╢≤⅝⌐│▬○fi│Fig.2 -2 ⌐ ∆╟℮⌂

╩ ≡⅛╠▬○fi◦כ☻ ⌐⅔™≡ ↕╣╢⁹↓─≤⅝ ⱪꜝ☼ⱴ⅛╠ ╡

↕╣╢▬○fi ─↓≤╩▬○fi ≤ ┬⁹▬○fi  ὐὴὭ│▬○

fi◦כ☻⅜ ⌐ ∆╢  (Bohm ─ ) ⅛╠ ╘╢↓≤⅜≢⅝ ─ ≢

↕╣╢⁹ 

 

 
ὐὴὭ= Ὡὲὴ

ὯὝὩ
άὭ

1
2

 exp
1

2
 ( 2-1)  

 

↓↓≢ Ὡ │ ,ὲὴ │ⱪꜝ☼ⱴ ,  │Boltzman  1.3807×10-23 JהK 1 ὝὩ │

άὭ │▬○fi─ ≢№╢⁹ 

 

Fig.2 -2 ▬○fi◦כ☻ ┼─  
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↓─╟℮⌐ⱪꜝ☼ⱴ⅛╠─▬○fi │ⱪꜝ☼ⱴ ─1 ≤ ─

⌐ ∆╢⁹√∞⇔ⱪꜝ☼ⱴ⅛╠▬○fi╩ ⅝ ∆ ▬○fi ╠⅜╙≈ ─

⌐╟╡ ⅜ ⇔ ∕─ ⅜▬○fiⱦכⱶ ╩ ∆╢⁹Fig.2 -3 ⌐ ⅝

↕╣╢▬○fiⱦכⱶ ⌐⅔↑╢ ▬○fi ⅝ ⇔ ─ ≤ⱪꜝ☼ⱴ ≢─▬○fi

─ ╩ ∆⁹↓─ ⌐ ↕╣√ ─↓≤╩

≤™™ ▬○fi◦כ☻ ⌐⅔™≡ ὐ0 ≤ ─ ὠ0 ╩ ™≡ ─

╟℮⌂ ⅜№╢⁹ 

 

 

↓↓≢ ʀ0  │ ─ q │ ─ d │ ⅝ ⇔ g │

 (▬○fi ⅝ ⇔ ⌐ ⌐╟╢ ⅜№╢ ⌐

⅜ ↕╣╢≤⅝─ ≢ 1 ─ ╩╙≈) ≢№╢⁹↓─ │

Chaild -Langmuir  ─ ≤ ┌╣ ⱦכⱶ─ ⌐ ⇔≡ ∆╢

─ ╩ ∆⁹ 

 

Fig.2 -3 ▬○fi ≤▬○fiⱦכⱶ ⅝ ⇔ 

 
ὐ0 =

4‐0
9

2ή

άὭ

1
2ὠ0

3
2

Ὠ2
 ( 2-2)  



7 

 

⅛╠ ⅝ ⇔ ╢ ▬○fiⱦכⱶ │ ⌐│ ⅝ ⇔ ─3/2 ⌐

⇔≡ ∆╢⁹⇔⅛⇔ ▬○fi│ ⅜ ⅝™√╘⌐ ⅜ ↄ ─

╩ ↑╛∆™⁹╕√ ⅎ╠╣√ ⌐ ⇔≡ ⅜ ∆╢↓≤⌂

≥⅛╠ ∕─ ⅜ ∆╢⁹∕─√╘ ⌐▬○fiⱦכⱶ╩ √™ │ ⅝

∆ ─ ╩ ╛∑┌╟™⁹2 ⌐ ╩ ╛∆ ⅜ ⅝ ⇔≢№╡

─ ∞↑ ╩ ∆↓≤⅜≢⅝╢⁹ 

▬○fi☻ꜝ☻♃⌐⅔™≡ ▬○fiⱦכⱶ─ ⅝ ⇔│ⱪꜝ☼ⱴ ≢ ⇔√ ▬

○fi╩ ⌐╟∫≡ ∆╢↓≤⌐╟∫≡ ╦╣╢⁹ ⅝ ⇔ │ⱪꜝ☼ⱴ⌐ ∆╢

fiכꜞ◒☻ ≤1 mm ─ ™ ≢ ⌐ ⅛╣╢ ⅔╟┘ ≢

↕╣╢⁹ ⌐╟∫≡│ ╩ ™⌂™2 ◦☻♥ⱶ≢ ↕╣╢↓≤╙

№╢⁹ ⌐│ 1 3 mm ─ ⅜ №↑╠╣ ∕─  ( ─ ⅜

╘╢ ) │ fiכꜞ◒☻ ≢ 70 % ≢ 25 % ≢50 70 %

≢№╢⁹Fig.2 -4 ⌐2 ─ ≢─ 1 ─ ⅛╠ ⅝ ↕╣╢▬○fiⱦכⱶ╩

∆⁹╕√ ─ ─ ╩Fig.2-5 ⌐ ∆⁹▬○fiⱦכⱶ─ ⌐│

⅛╠ ↕╣√ ╛▬○fi≤☻ꜝ☻♃⅛╠ ⇔√ ≤─ ≢

∂√ ⅜ ⇔ ⱦכⱶⱪꜝ☼ⱴ≤ ┌╣╢▬○fiⱦכⱶ≤ ∕╣╩ ╡ ╗╟℮

⌐ⱪꜝ☼ⱴ⅜ ⇔√ ⅜ ↕╣≡™╢⁹↓╣╠─ ⅜ ⅝ ⇔ ╩ ∫≡ⱪꜝ

☼ⱴ─ ┼ ⇔⌂™╟℮⌐ Fig.2 -5 ⌐ ↕╣╢╟℮⌐ ─ ╩ ⇔≡

™╢⁹↓─ ╩∆╢─⅜ ≢№╢⁹ 
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Fig.2 -4 ⅛╠ ↕╣╢▬○fiⱦכⱶ 

 

 

Fig.2 -5 ▬○fiⱦכⱶ ⅝ ⇔  



9 

 

2.2 ⱴ▬◒꜡ ▬○fi☻ꜝ☻♃ 

▬○fi☻ꜝ☻♃│ⱪꜝ☼ⱴ─ ⌐╟∫≡ RF (Radio Frequency) 

ⱴ▬◒꜡ ⌐ ↕╣╢⁹ ▬○fi☻ꜝ☻♃─ ╩

Fig.2 -6⌐ ⱴ▬◒꜡ ▬○fi☻ꜝ☻♃─ ╩Fig. 2 -7⌐ ∆⁹ ↕╣≡

™╢╙─≢ ⌂ │NASA (▪ⱷꜞ◌ )─Deep Space 1( 1998

→) ⱴ▬◒꜡ │ ( )─HAYABUSA  

( 2003 →)⅜№╢ ▬○fi☻ꜝ☻♃─ ≤⌂∫≡™╢ ▬○fi☻ꜝ

☻♃│ Ᵽꜞ►ⱶ ╩ ↕∑√ ♃fi◓☻♥fi╩ ≤⇔√  

( Fig.2 -6─Main Cathode) ⅛╠ ─◄Ⱡꜟ◑╩ ∫√1 ╩

┼ ⇔  ( ) ≤ ↕∑≡ⱪꜝ☼ⱴ╩ ∆╢⁹ 

ⱴ▬◒꜡ ≤│ⱴ▬◒꜡ ─ ≢ ╩ ⇔ ↓─ ⅜

≤ ⇔≡ⱪꜝ☼ⱴ╩ ╩ ∆╢≤™℮╙─≢№╢⁹↓─ⱴ▬◒꜡

╩▬○fi☻ꜝ☻♃⌐ ∆╢↓≤≢ ─╟℮⌂ⱷꜞ♇♩⅜ ╠╣╢⁹ 

 

ᵑ ╩ ≤⇔⌂™─≢☻ꜝ☻♃─ ≤ ─ ⅜  

ᵒ ⱴ▬◒꜡ ⅜∕─ ╩ ∆╢ ⌐ ╩ ≤∑∏ DC ⅜ ⌐ ⅎ

╢↓≤⅛╠ ⱴ▬◒꜡ ⌐╟╢ ™⌐ ─ ⌂╢▬○fi ה ⱪꜝ☼ⱴ

─ ⅜  

ᵓ ⅜ ⌂─≢ ☻ꜝ☻♃─ ⅜♩כ♃☻⌂  

 

≢│↓─╟℮⌂ ╩ ≈ⱴ▬◒꜡ ▬○fi☻ꜝ☻♃╩ ∆╢⁹ⱴ▬

◒꜡ ─ ⅜ ⌐ ═≡ ∫≡™╢↓≤╙№╡ ─ ⌐│ⱴ▬

◒꜡ ⅛╠ ┼─◄Ⱡꜟ◑ ╩ →╢↓≤⅜ ≢№╢⁹∕─√╘ ⌐⅔

™≡│ECR (Electron Cyclotron Resonance ◘▬◒꜡♩꜡fi ) ╩ ⇔

─ ╩ →≡™╢⁹ 
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Fig.2 -6 ▬○fi☻ꜝ☻♃─  

 

Fig.2 -7 ⱴ▬◒꜡ ▬○fi☻ꜝ☻♃─  
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2.3 ECRⱪꜝ☼ⱴ 

ECR─ ≤ ╩Fig.2 -8 ≤Fig.2 -9 ⌐∕╣∙╣ ∆⁹ ⌐ ∆╢

│ ♠fi꜠כ꜡≢ ╩ ↑╢⁹↓─ ─√╘ ⌐ ⅝≈ↄ╟℮⌂◘▬◒

꜡♩꜡fi ≤ ┌╣╢ ⅜ ╣╢⁹ ⌐⅔↑╢ ─ │ ≢

↕╣╢⁹ 

 

 d○

dὸ
= Ὡ○× ║ (2-3) 

 

↓↓≢  │ ─ ,  ○ │ ⱬ◒♩ꜟ Ὡ │ ║ │ ≢№╢ ↓─

≤⅝─ ─ ὶὒ │ꜝכⱴ ≤ ┌╣ 

 

 
ὶὒ=

ά○Ṷ
ȿὩȿὄ

 (2-4) 

 

≢ ⅎ╠╣╢⁹↓↓≢○Ṷ│ ─║  ⌐ ∆╢ ⌂ ─ ⅝↕≢№╢⁹ 

ⱪꜝ☼ⱴ╩ ⇔≡™╢ │ ≡ ≢№╢⁹∕─√╘◘▬◒꜡♩꜡fi

─ ─ │ ─ ⅝⌐ ⇔≡ ─ ⌐╟∫≡≢⅝╢ ⅜ ⌐

╩ ↄ ≢№╢⁹≈╕╡ │ ⌐ ⇔≡ ╡─ ╩ ℮⁹↓─

─ │◘▬◒꜡♩꜡fi ≤ ┌╣ 

 

 
=ὧ

ȿὩȿ║

ά
 (2-5) 

 

≢ ⅎ╠╣╢⁹ │ ≤ ⅝⌐ ↕╣╢√╘ ─ ─ ≤

⅝⌐ ∆╢ ↕⅜ ⇔™ ╩⅛↑╢≤ │ ⌐ ↕╣ ⅛╠

⌐◄Ⱡꜟ◑כ╩ ↑≤╢↓≤⅜≢⅝╢⁹↓╣⅜ ◘▬◒꜡♩꜡fi ≢№╢⁹ 
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Fig.2 -8 ECR─  

 

Fig.2 -9  ECR─  
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ECRⱪꜝ☼ⱴ ≢│ ╩ ⇔≡ rf  ─ⱴ▬◒꜡ ╩ ⇔ ⱪ

ꜝ☼ⱴ╩ ∆╢⁹ ↕╣√ⱪꜝ☼ⱴ ─ │ ◘▬◒꜡♩꜡fi ʖce ⌐

∫≡ ⌐ ⅛∫≡ ╡─ ╩ ℮⁹ ⅛╠ ⇔√ⱴ▬

◒꜡ │ⱪꜝ☼ⱴ ╩ ⇔ ◘▬◒꜡♩꜡fi ≤ ┌╣╢ ╡─ ╩

∆╢⁹↓─ │ ┼ ⇔ ⅜ ◘▬◒꜡♩꜡fi ≤ ∆╢

≢ ⌐ ⇔≡ⱴ▬◒꜡ ⅛╠ ⌐◄Ⱡꜟ◑⅜ ↕╣╢⁹≈╕╡  = ὧὩ ὶὪ 

─ ⅜ ╡ ≈≤⅝⌐ECR⅜ ∂╢⁹ 

╕√ ⌐ ECR ╩ ↓∆≤⅝⌐ ⌂ ─ ⅝↕╩ὄres≤∆╣┌ (2-4) (2-5) 

╟╡ 

 
ὄὶὩί=

άὶὪ
ȿήȿ

 (2-6) 

 

≤⌂╢⁹ECR⌐╟∫≡◄Ⱡꜟ◑╩ ↕∑√ │ ⌐ ↕╣⌂⅜╠ ₁≤

╟ↄ ─ ≤ ╩ ╡ ∆⁹↓─╟℮⌐⇔≡ ↕╣√ⱪꜝ☼ⱴ⅜

ECRⱪꜝ☼ⱴ≢№╢⁹ 

≢ ∆╢ⱴ▬◒꜡ │0.9 GHz,2.45 GHz,4.2 GHz≢№╢⁹∕╣∙╣─

≢ECR ≤⌂╢ │ 2-6 ╟╡32 mT,87.5 mT,150 mT ≤⌂╢⁹ 
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 ┘  

─ ─ ╩Fig.3 -1 ⌐ ∆⁹ │ ⌐ ⱴ▬◒꜡

▬○fi☻ꜝ☻♃ ⅛╠ ↕╣≡™╢⁹ ∕╣∙╣─ ⌐≈™≡

∆╢⁹  

 

Fig.3 -1 ─  

 

3.1  

⌐ ™√ ╩Fig.3 -2⌐ ∆⁹ ⌐│ 60 cm⁸ ↕100 cm─

SUS ♅ꜗfiⱣ╩ ™√⁹↓─ │ ╩ ⇔≡ ╣↕☻כ▪⌐

≤⌂∫≡™╢ ⌐ ⇔√ ╩ ∆⁹ 

)  ⱳfiⱪ 1כꜞ♃כ꜡ה 900 l/min )  

Ⱳכ♃ה ⱳfiⱪ 1  ( 520 l/sec) 

)  ⱳfiⱪ 1○▬ꜝ◒ה 2000 l/sec at air, 800 l/sec at xenon)  

│ⱳfiⱪכꜞ♃כ꜡ Ⱳכ♃⁸⌐ ⱳfiⱪ ┘◒ꜝ▬○ⱳfiⱪ│ ⌐∕ 

╣∙╣ ⇔√⁹꜡ ─ⱳfiⱪכꜞ♃כ ╩Fig.3 -3⌐⁸ ⱳfiⱪ─ ╩Fig.3 -4

⌐ ∆⁹ │1.6×10-6  Torr≢ Xe●☻0.2 sccm ─ │1.0×10-5  

Torr ≢№∫√⁹ 
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Fig.3 -2 ─  

 

 
Fig3  ⱳfiⱪכꜞ♃כ꜡ 3-
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Fig3 -4 ⱳfiⱪ 

( Ⱳכ♃ ⱳfiⱪ ◒ꜝ▬○ⱳfiⱪ) 

 

3.2 ⱴ▬◒꜡  

≢ ⇔√ⱴ▬◒꜡ ─ │⁸0.9 GHz,2.45 GHz,4.2 GHz≢№╢⁹ ≢

│ ⌐╟╡ ↕╣√ⱴ▬◒꜡ ╩▪fiⱪ⌐╟╡ ∆╢ ╩≤∫√⁹0.9 

GHz─ │Anri tsu  MG 3660A⁸ⱴ▬◒꜡ │R&K

A1000-1050S-R≢№╢⁹2.45 GHz─ │◘ⱶ►▼▬ ─T161-48DDA⁸ⱴ▬◒

꜡ │◘ⱶ►▼▬ T161-48DDA≢№╢⁹4.2GHz─ⱴ▬◒꜡ │☻Ɑ

◒♇♥כ SP5040-40≢№╢⁹ 
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3.3  2cm ▬○fi☻ꜝ☻♃ 

≢│⁸2 cm ▬○fi☻ꜝ☻♃╩ ⇔√⁹Fig.3 -5 ⌐☻ꜝ☻♃─ ╩Fig.3 -6

⌐∕─ ╩ ∆⁹ │50×50 mm─ ≤⌂∫≡™╢  Al ─ ⌐

4×4×12 mm─ ╩ ⇔ ∕╣╠╩ ≢◒כꜜ ╖ ╪≢

⌐ ╩ ↕∑≡™╢⁹ ─◘▬☼│⁸ ɫ21mm ↕12 mm≢№

╢⁹ ╩ ∆╢↓≤≢ ╩ ∆╢↓≤⅜≢⅝╢⁹ │ ─◘ⱴ

ꜞ►ⱶ◖Ᵽꜟ♩(Sm-Co)╩ ⇔≡⅔╡ ↓─ │ ↄ≡ ↑╛∆™⅜⁸ ™

╩ ∟ ╕√ ⌐ ╣ ≢─ ⌐╙ ™≡™╢⁹▪fi♥♫│SMA ◖

Ⱡ◒♃ (female) ⌐╟∫≡ ↕╣≡⅔╡⁸ⱴ▬◒꜡ ╩ ⌐ ⅎ≡™╢⁹

↓─▪fi♥♫⌐│⁸⸗ꜞⱩ♦fi (Mo) ─ ▪fi♥♫╩ ⇔≡™╢⁹ ─ ⅛

╠↓─ ─▪fi♥♫⅜ ╙◌♇ⱪꜞfi◓⅜ ™≤╦⅛∫≡™╢(5)⁹↓─▪fi♥♫─

╩Fig.3 -7⌐ ∆⁹ 

 ▬○fiⱦכⱶ─ ⅝ ⇔╩ Ⱳfiכ◌│♪♇ꜞ◓℮ ≢ ◒▪≥♪♇ꜞ◓fiכꜞ◒☻

☿ꜟ◓ꜞ♇♪─2 ╩ ™√ ∕─ ╩Fig.3 -8 ⌐∕─Ɽꜝⱷכ♃כ╩Table.3-1 ∆⁹ 

 

 

Fig.3 -5  2 cm ▬○fi☻ꜝ☻♃─  
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Fig.3 -6  2 cm ▬○fi☻ꜝ☻♃─  

 

 

 

 

 

Fig.3 -7 ▪fi♥♫  
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Fig.3 -8 ◓ꜞ♇♩  

( ▪◒☿ꜟ◓ꜞ♇♩⁸  (♩♇ꜞ◓fiכꜞ◒☻

 

 

 

Table.3-1 ◓ꜞ♇♩◦☻♥ⱶ─Ɽꜝⱷכ♃
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╕√⁸2 cm ▬○fi☻ꜝ☻♃─ ╩ ∆╢√╘⁸ ╩3

♁ⱨ♩ AMaze, Advanced Science Laboratory Inc. ╩ ⇔≡ ∫√⁹⇔

⅛⇔⁸●►☻ⱷכ♃כ≢ ⌐ ⇔√ ≤∏╣⅜№∫√⁹Fig3 -9 6 ,

12 , 22 ─ ─ ≤ ≤ ─ ╩ ∆⁹ ⌐│●

►☻ⱷכ♃כ≢ ⇔√ ⁸ │ ♁ⱨ♩⌐╟╡ ↕╣√ ⁸ │

⌐0.9╩⅛↑√╙─≢№╢⁹ ≤ │⁸◓ꜞ♇♩─ ⅛╠◓ꜞ♇♩⌐

⌐2 mm⅛╠9mm ╣√ ╕≢─ ╩ ⇔√⁹Fig3 -10 ⌐∕─ ╩

∆⁹ 

Fig.3 -9 ╟╡ ─ │ ╟╡╙ ⅝™ ≤⌂∫√⁹↓╣│⁸ ─

⌐╟∫≡ ─ ⇔ ⅜ ↄ⌂∫≡⇔╕∫√√╘∞≤ ⅎ╠╣╢⁹╕√⁸

─ ⅜ ™ ≢╙ ⌂™ ≢╙ ≤ │╒╓ ⇔™ ≤⌂∫√─

≢ ♁ⱨ♩⌐╟╢ │ ⇔√ ╩ ℮↓≤⌐∆╢⁹ 

 

Fig.3 -11⌐2 cm ▬○fi☻ꜝ☻♃─ 4 ─≤⅝─ ╩ ∆⁹ ™

│ ╩ ⇔≡™╢⁹Fig.3 -11╟╡ Ⱶꜝכ⅜ ↕╣≡™╢↓≤⅜╦⅛╢⁹

⇔√╟℮⌐ │ ⌐ ⅝≈ↄ╟℮⌐◘▬◒꜡♩꜡fi ╩ ™⁸ ⌐ ∫≡

∆╢⁹ ╩ ⌐ ┼◒כꜜ≡∫ ∆╢ ◒כꜜ⁸│ ↄ≢ Ⱶꜝ

כ ⁸╙⇔ↄ│ꜜכ◒ ╡╟⌐☻כ◦─ ↕╣╢⁹ ⁸ ≢

│ Ⱶꜝכ─ ⌐ ∂ ╘╠╣╢⁹↓─ Ⱶꜝכ ╩ ∆╢ ⌐⁸ │ECR 

╩ ∆╢ ⌐⁸ECR ⌐╟╡▪fi♥♫⅛╠ ⌐ ↕╣√ⱴ▬◒꜡ ─

◄Ⱡꜟ◑כ╩ ↑ ∆╢⁹↓─◄Ⱡꜟ◑כ╩╙∫√ ⅜ ⌐ ⇔⁸ ╩

↕∑╢↓≤⌐╟∫≡ⱪꜝ☼ⱴ⅜ ↕╣╢⁹ 
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(a) 6  

 

(b) 12  

 

(c) 22  

 

Fig.3 -9  
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Fig3 -10 ─  

 

 

Fig.3 -11 2 cm ▬○fi☻ꜝ☻♃─ ( 4 ) 










































