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ALD   Atomic Layer Deposition  ( )  

CVD   Chemical Vapor Deposition  ( )  

FET   Field - Effect Transistor  ( ♩ꜝfi☺☻♃  

JFET   Junction FET         ( FET) 

MESFET    Metal- Semiconductor FET ( FET) 

RADDFET   RADiation hard Diamond FET ( ♄▬ꜘ⸗fi♪ FET) 

MOS   Metal- Oxide- Semiconductor ( )  

SiC   Silicon Carbide           ( ◔▬ )  
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 ⁸ ≢ ⌐ ⌂ ─ ╩ ≤⇔⁸ ה

─ ╩ ≤∆╢⁹ ⌐⅔↑╢ ⁸

⌐ ∆╢ ⁸ ⌐ │ ⌐ ⇔™ ⅜ ↕╣√⁹⇔⅛⇔⁸

⌐ ⌂ ♦Ᵽ▬☻ ⅜ ∑∏⁸₈ ⌐ 300ϴ╩ ∆╙── ⁸

220ϴ╕≢≢ ₉─ ⌐ ╕╢ ⌂Ⱳ♩ꜟⱠ♇◒ ≤⌂∫≡™╢⁹ 

─ ⌂ Si ╩ⱶכꜟfiכꜞ◒│≢ ╘ ─ ⅜ ≤⌂

╢↓≤⅛╠⁸ ╛ ⌂≥ ↑≢│ ⅜ ↕∆⅞╢√╘ ⅜ ╦⌂™⁹

↓─√╘ ⌂≥≢│ ─ ⅛╠ ─ ™ ╩꜡♇♩≢ ∆

⅜│╠╦╣≡⅔╡⁸ ♦Ᵽ▬☻╙ ⌐ ╠╣√ IC ╩ ╡≢ ⇔

≡™╢─⅜ ≢№╢⁹╕√ ≢│ ─ ╩№⅝╠╘⁸ ╩ ⌐⇔
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↓─√╘⁸ ≢│ ─ ≤⌂╢♄▬ꜘ⸗fi♪ ♩ꜝfi☺☻♃─ ≤

SiC ○Ɑ▪fiⱪ─ ╩ ╘╢⁹ :5MGy ⁸ :300ϴ ⁸▪♫꜡◓

:100MHz ╩ ─ ≤⇔⁸↕╠⌐♫♩ꜞ►ⱶ ⌐⅔↑

╢ 500ϴ≢─ ⌐ ⌂ ⁸ ╩ ⌐ ™√◦☻♥ⱶ ╩ ™⁸

√∞∟⌐ ⌐ ≤∆╢↓≤╩ ∆⁹ 

⌐⅔™≡│⁸ ∆╢ ◔▬ SiC ⌐≡ ה

IC ╩ ⇔⁸ ⅛≈ ─ ≤ ┌╣╢♄▬ꜘ⸗fi♪ ≢ ה ♦▫

♩כꜞ◒☻ ╩ ∆⁹╕√⁸ ⌐≡ ╠╣√ ╩ ⇔≡⁸ ─ ≢

№╢ 1F ┼─ ╙ ⌐ ∆╢⁹ 

⌐╟∫≡ ╠╣√ ╩ ╛⅛⌐ ∆╢√╘⁸ ⌐ ⱪꜝfi♩ⱷ

╢╟⌐כ◌כ ╩ ⅝⁸ ╩ ™√∞ↄ≤≤╙⌐ ╛ ─ ⌐

≈™≡ ╩ ℮⁹



 

 

1- 1 

 

1  │∂╘⌐ 

⌐⅔↑╢ ⁸ │ ⁸ ⁸ ⁸

⌂≥ ╘≡ ⇔™ ⌐↕╠↕╣⁸↓↓≢ ↕╣╢ ⌐ ∆╢ ⁸ ⌐ │

⇔™ ⅜ ↕╣√⁹⇔⅛⇔⁸ ⌐ ⌂ ♦Ᵽ▬☻ ┘ │ ∑∏⁸

⌂Ⱳ♩ꜟⱠ♇◒ ≤⌂∫≡™╢⁹ ─ⱥ▪ꜞfi◓ ⌐╟╡⁸ ⱪꜝfi♩ⱷ

│כ◌כ ⌂ ─ │ ↄ ⇔≡™╢╙──⁸ ⌂ ╩ ∫≡™⌂™↓≤

⅜ ⅛∫≡™╢⁹ 

─ ≢│ :5MGy⁸ :300ϴ⅜ ┼─

≢№╢⁹ ⌐⅔™≡╙ ≢│ ⌐╙ ⌂ ⅜ ╕╣≡⅔╡⁸╕

√♫♩ꜞ►ⱶ ⌂≥≢│╟╡ ⅜ ╕⇔ↄ⁸ :500ϴ⁸ :650ϴ╩

≤∆═⅝≢№╢≤ ⅎ≡™╢⁹ 1.1 │↓─ ≤ ⌐ ╘╠╣╢

─ ╙ ╘√ ה ♦Ᵽ▬☻─ ≢№╢⁹ 

 

1.1 ≤ ⌐╟╢ ↑ ♦Ᵽ▬☻ ─  

 

↓─Ⱳ♩ꜟⱠ♇◒ ╩ ∆╢√╘ ≢│ ≢ ≤⌂╢ ה

♦Ᵽ▬☻─ ⁸ ╩ ╘⁸ ─

╩ 5 6 ≢ ∆╢↓≤╩ ⇔≡™╢⁹ 

│ ⅝ↄ I. ♄▬ꜘ⸗fi♪ ♩ꜝfi☺☻♃─ ⁸II. SiC IC ─ ⁸

III. ה ⌐ ⌂ I⁸II ─ ─ 3 ⅛╠⌂╢⁹

≤ ╩ 1.2 ⌐╕≤╘╢⁹ 

 

 ♄▬ꜘ⸗fi♪ SiC Si * 

 MESFET 
RADD 

FET 

 

 
JFET MOS MOS 

FET 100 MHz ₃ Ừ ₃ ₃ ₃ ₃ 

IC OP Amp.  ỏ ỏ × ₃ ₃ ₃ 

 300 ϴ ₃ ₃ ₃ ₃ × × 

 500 ϴ Ừ ? ? ?( )  × × 

 

1 MGy ₃ ₃ × ₃ × ₃ 

5 MGy 
Ừ(

10 MGy) 
? × 

₃(

4.2  MGy) 
× × 

≢─  ᵑ ᵒ  ᵓ   

 



 

 

1- 2 

 

 

 

1.2 ─ ≤  

 
 

≢│ :5MGy ⁸ :300ϴ ╩ ≤⇔⁸↓╣╕≢─ ⌐

╟╡ ╠⅛≤⌂∫√ ♦Ᵽ▬☻─ ⌐ ↑⁸ ה ♦Ᵽ▬☻

─ ╩ ╘╢⁹╕√ ╩ ⇔√ ≢─ ╩

⌐ 500ϴ╩ ℮ ╙ ╘╢⁹↓╣╠⌐╟╡ ⌐ ⌂

─ ╩ ⌐ ⇔⁸ ─ ≤ ─ ⌐≈

⌂→╢⁹ 

 

 

 

 

 

  



 

 

2. 1- 1 

 

2  

2.1  

─ ╩ 2.1 ⌐ ∆⁹  

2.1 ─  

 

 

 

  

⁷⁷

(1) FET

(2) FET

(4)

>300ϴ

fT>100MHz500MHz

>300ϴ&72

MESFET 0.5µm

fT

FET MESFET RADDFET

JFET

JFET gm

>300ϴ

JFET

ALD



 

 

2. 1- 2 

 

╕√⁸ ╩ 2.1 ⌐ ∆⁹ 

 

 

2.1  

 

 

 



 

 

3.1- 1 

 

3  ─ ⅔╟┘  

3 1 Ᵽꜟ◒ ♄▬ꜘ⸗fi♪ FET ≤  

3 1 ☻☿꜡ⱪ♩כ◕ 1 ₒR2- R4x  

ₒ 2 ┘ 3 ─ ₓ 

2 ⌐│Ᵽꜟ◒ ♄▬ꜘ⸗fi♪ FET≢№╢ MESFET─ⱪ꜡☿☻♥☻♩╩ ∫√⁹◄

Ⱨ♃◐◦ꜗꜟ ⇔√♄▬ꜘ⸗fi♪⌐ ⅜ ↕╣≡™╢ Ru ╩ ◕⁸☻כ♁≡™

╩fi▬꜠♪⁸♩כ ⇔√⁹ ♩כ◕─ 10µm⅛╠ 1µm╕≢─ ╩ ™⁸ ♅ꜗⱠꜟ

☻כ♁╛ ─ ╩ ═√⁹ 

3 ⌐│ ♅ꜗⱠꜟ ♩כ◕☻☿ꜞ⁸╢№≢ ─ ⌐ ↑≡♄▬ꜘ⸗fi

♪♅ꜗⱠꜟ ─◄♇♅fi◓⌐╟╢ ╩ ∫√⁹♅ꜗⱠꜟ ─ ╩◓Ⱨfiכ♪ ™⁸

♩כ◦ ⌐╟╢ ⅔╟┘ ⌐╟╢ ⌐╟╡ ╛◐ꜗꜞ

▪ ⅔╟┘ ─ ╙╡╩ ∫√⁹ 

ₒ 4 ─ ₓ 

 2 ⌐ ⌐ ♩כ◕√⇔ ╩ ⇔⁸0.5ɡm◕כ♩╩ ∆╢Ᵽꜟ◒

♄▬ꜘ⸗fi♪ FET╩ ⇔ ╩ ⇔√⁹↕╠⌐ 3 ╕≢⌐ ⇔√

☻כ♁╢№≢ ⁸♅ꜗⱠꜟ ─ ◓Ⱨfiכ♪ ╩ ╖ ╖⁸ ◖fi♄◒♃

fi☻ 1mS╩ ⇔√⁹ 

 FET╩ ⌐ ╖ ╗─⌐ ≤⌂╢♦Ᵽ▬☻Ɽꜝⱷכ♃≤⇔≡⇔⅝™ ⁸ ◖fi♄◒♃fi

☻⁸○fi ⌂≥⅜№→╠╣╢⅜⁸↓─℮∟⇔⅝™ ╩ ⅎ╢⌐│♪ꜞⱨ♩ ╩ ⅎ╢

⅜№╢⁹⇔⅛⇔⁸♪ꜞⱨ♩ ╩ ⅎ≡⇔╕℮≤◦כ♩ ⅜ ⇔≡⇔╕℮√╘⁸ ◖fi

♄◒♃fi☻─ ╩ ⅎ╢─⌂╠⁸♁כ☻♪꜠▬fi ─ ⅜ ≤⌂╢⁹ 

 
3.1.1 ─♄▬ꜘ⸗fi♪ MESFET─    3.1.2  0.5µm◕כ♩ ╩ ≈ 

♄▬ꜘ⸗fi♪ MESFET 

 

─√╘ 500nm ♩כ◕─ ╩ ≈♄▬ꜘ⸗fi♪MESFET╩ ⇔√⁹ 3. 1. 1⌐♄

▬ꜘ⸗fi♪MEFSET─ ╩⁸ 3. 1. 2⌐ 0.5ɡm◕כ♩ ♄▬ꜘ⸗fi♪ MESFET─ ─ ╩

∆⁹ ◒♇Ⱶכ○│ ⅜ fifi▬꜠♪ה☻כ♁╢⌂≥ ⌐◖fi♃◒♩ ≤⇔≡

™ Ⱳ꜡fi♪כⱪ♄▬ꜘ⸗fi♪ ╩ ⇔√ ≢№╡⁸ ─ ╟╡ 3 ─◖fi♃

◒♩ ─ ⅜ ╠╣╢↓≤⅜ ⌐ ⅛∫≡™╢⁹ 

  



 

 

3.1- 2 

 

 

 

(a) I D=VD            (b) I D- VG  

3.1.3 L G=0.5µm─♄▬ꜘ⸗fi♪ MESFET─  

 

3.1.3 ⌐↓─ MESFET─ ╩ ∆⁹FET≤⇔≡─◕כ♩ ⅜ ╠╣≡⅔╡⁸VG=9V⅔╟

┘ 10V≢│Ⱨfi♅○ⱨ⇔⁸ │ 0.1µA ≢№∫√ ⁸ ♪꜠▬fi ⅔╟┘ ◖fi♄

◒♃fi☻─ ↕⌐ ⅎ⁸○fi ╙ ↄ ≢─♪꜠▬fi ⅜ ⇔⌂™╙─≤⌂∫√⁹

⌐ ≤⇔≡ ┼─ ╖ ╖╩ ⅎ√ ⁸ ─ ≢│ ⅜№╢⁹ 

─╟℮⌐ ⇔⅝™ ╩ ∆⌐№√╡⁸♪ꜞⱨ♩ ≤⌂╢Ⱳ꜡fi♪כⱪ♄▬ꜘ⸗fi♪

─ ╩ ↄ∆╢ ⅜№╢⁹⇔⅛⇔⌂⅜╠⁸♪ꜞⱨ♩ ─ ╩ ⅎ╣┌♁כ☻♪꜠▬fi

♩כ◦─ ╙ ⇔≡⇔╕℮⁹ 3.1.3 ─ 0.5mm◕כ♩ ♄▬ꜘ⸗fi♪ MESFET⌐⅔™≡

╙↓─ │ fi▬꜠♪☻כ♁⁸╘√─⧵⁹╢™≡⇔ ─ ╩ ⅎ╢√╘⌐ꜞ☿☻

─ ╩ ╖√⁹ 3. 1. 4 ⌐ꜞ☿☻ ♄▬ꜘ⸗fi♪ MESFET─ ⁸ 3. 1. 5 ⌐ ─

─ ╩ ∆⁹ꜞ☿☻ ♩כ◕│ ─Ⱳ꜡fi♪כⱪ♄▬ꜘ⸗fi♪ ─╖╩ ↄ∆╢╟℮⌂

≢№╢⁹↓─ ♩כ◕⁸┌╠⌂ ─Ⱳ꜡fi♪כⱪ♄▬ꜘ⸗fi♪ ╩ ↄ≢⅝╢√╘⁸♁

fi▬꜠♪☻כ ♩כ◦─ ╩ ⅎ╢↓≤⅜ ╢⁹ 

 

 

3. 1. 5 ─ ─  

 

3. 1. 4 ꜞ☿☻ ♄▬ꜘ⸗fi♪ MESFET─  



 

 

3.1- 3 

 

 

⇔⅛⇔⁸ꜞ☿☻ ╩ ∆╢⌐№√╡ ⌂♄▬ꜘ◄♇♅fi◓ ⅜ ≤⌂╢⁹♄▬ꜘ◄

♇♅fi◓⌐│ ⱪꜝ☼ⱴ ╩ ™╢↓≤⌐⌂╢⅜⁸∕─ ⌐Ⱳ꜡fi♪כⱪ♄▬ꜘ

┼─♄ⱷכ☺╛◄♇♅fi◓꜠כ♩─┌╠≈⅝⅜ ↕╣√⁹↓╣╠─ ⌐≈™≡ ⌐ ⌐

│™√∫≡⅔╠∏⁸ 3. 1. 6 ⌐ ∆╟℮⌐ ⇔√ꜞ☿☻ ♄▬ꜘ⸗fi♪ MESFET│

⇔⌂⅛∫√⁹ ⅜ ↄ⁸ ≤⌂╢ ╙ ⌐⅛⅛╢√╘⁸ ─ ⇔⅜

≤⌂∫√⁹ 

ꜞ☿☻ ─ ☻☿꜡ⱪה ─ ╩ ⇔⁸ ⇔√ MESFET ─ ╩ ╖√⁹∕

─ fi▬꜠♪☻כ♁│ ╩≢⅝╢⅛⅞╡ ⅎ√ ≢№╡⁸ ⌐│ ꜞ♁◓ꜝⱨ▫כ

╩ fi▬꜠♪☻כ♁⁹√™ ─ꜞ♁◓ꜝⱨ▫כ ≤⇔≡│⁸↓╣╕≢ⱴ☻◒꜠☻▪ꜝ▬♫

╩ ™√ⱨ◊♩ꜞ♁◓ꜝⱨ▫כ ╩ ™≡™√⁹ⱨ◊♩ꜞ♁◓ꜝⱨ▫כ │ ╩ ≢

≢⅝╢√╘⁸ ─ fi▬꜠♪☻כ♁™ ⌐│ ⇔≡™√⅜⁸Ɽ♃כfi─ ≤⇔≡│ 3mm

⅜ ≢№∫√⁹ ꜞ♁◓ꜝⱨ▫כ │╟╡ ⌂ ╙ ∞⅜⁸∕─ ⌐ ⅜⅛

⅛╢⌂≥─ ⅜ ∂╢⁹∕─√╘☿ꜟⱨ▪ꜝ▬fi ╩╙∟™╢↓≤≢ ─ ╩ ∫√⁹

☿ꜟⱨ▪ꜝ▬fi │ ─Ⱳ꜡fi⅜ ↕╣√♄▬ꜘ⸗fi♪ ♪ꜞⱨ♩ ⌐⁸

╩ fi▬꜠♪☻כ♁∟─√⇔ ╩ ╗ Ɽ♃כfi╩ ∆╢⁹∕─ ⁸ ꜞ♁◓ꜝⱨ▫כ

╩ ™≡ ─♩כ◕ ꜠☺☻♩Ɽ♃כfi╩ ⇔√╠⁸►◄♇♩◄♇♅fi◓⌐╟╢ ◕

♩כ ─ ─ ╩ ℮⁹↓─ ⁸ ⌐╙ ⅜ ╡ ╗↓≤⌐╟╡◄♇♅fi◓⅜ ╗ ⁸

fi▬꜠♪♩כ◕ה♩כ◕☻כ♁ ⅜ ↕╣╢⁹↓─ ꜠☺☻♩Ɽ♃כfi─╕╕⁸ꜞⱨ♩

○ⱨ ♩כ◕╢╟⌐ ─ ╩ ∫√ ⁸ⱨ◊♩ꜞ♁◓ꜝⱨ▫כ ⌐╟╢ Ɽ♇♪╩

∆╢↓≤≢⁸ ⸗♦ꜟ─♄▬ꜘ⸗fi♪ MESFET⅜ ≤⌂╢⁹ 3. 1. 7 ⌐ ⇔√ ☻כ♁

♪꜠▬fi ♄▬ꜘ⸗fi♪ MESFET─ ─ ╩ ∆⁹♄Ⱶכ ⌐╟╢♄▬ꜘ⸗fi♪ MESFET

♩כ◕─ │ 100nm ≤ fi▬꜠♪☻כ♁⁸√╕⁹╢╣╠ ╙ 2mm ─╙─⅜ ≢⅝

≡™╢⁹ 

⇔√ MESFET─ │ 3. 1. 8─╟℮⌐⌂∫√⁹ ⇔™ ≢─ MESFET│ ─╙─

≤ fi▬꜠♪☻כ♁╙≡═ ⅜⅛⌂╡ ⅎ╠╣⁸♪꜠▬fi ╙ 3mA ─╙─⅜ ╠╣⁸

⇔⅝™ ╙ 1V ≤ ⅜ ⌐ ∞∫√⁹╕√⁸ ◖fi♄◒♃fi☻╙ 2.2mS≤⌂╡⁸

  

( a) I D- VD                      ( b) I D- VG  

3. 1. ♪fi⸗ꜘ▬♄♩כ◕☻☿ꜞ√⇔ 6 MESFET─  



 

 

3.1- 4 

 

4 ≢№∫√ 1mS╩ ⅎ╢ MESFET⅜ ≤⌂∫√⁹⌂⅔⁸VG=1.5V⅔╟┘ 2V≢│

Ⱨfi♅○ⱨ⇔⁸ │ 10µA ≢№∫√⁹ 

 

 

 

 

  

 

3. 1. fi▬꜠♪☻כ♁ 7 ♄▬ꜘ⸗fi♪ MESFET 

Њ˔І

ЖйϱрϿ˔Е

  

( a) I D- VD              ( b) I D- VG  

 

( c) ◖fi♄◒♃fi☻ 

3.1.8  ⇔√☿ꜟⱨ▪ꜝ▬fi MESFET─  



 

 

3.1- 5 

 

3 1 2 ₒR3- R4x  

ₒ 3 ─ ₓ 

3 ⌐│ 2 ⌐ ⇔√ fi▬꜠♪┘╟⅔☻כ♁─ ╩ ⇔√⁹

⌐│ ⌐│ⱬ◒♩ꜟⱠ♇♩꞉כ◒▪♫ꜝ▬◙╩ ™√ SⱤꜝⱷכ♃ ⌐╟╢ De-

embedding ☻▪▬Ᵽ♪ꜟכ◖╛ ≤ ─ ╩ ∆╢ TEG╩ ™√

╩ ♩כ◕☻☿ꜞ⁹√™ ─◄♇♅fi◓ ─ ☿♇ⱵⱠꜟ♪כ♁◌╩

fi☻ ⅔╟┘ EBIC⌐╟╡ ∫√⁹╕√ 2 ⅔╟┘ 3 ⌐ ⇔√ FET─○fi►▼Ɫⱡ▬☼

╩ ♩כ◕⁸™ ↔≤─ⱡ▬☼Ɽ꞉כ╩ ⇔≡ⱡ▬☼ ╩ ⇔√⁹ ⇔√ │ⱪ꜡

☿☻ ⌐ⱨ▫כ♪Ᵽ♇◒⇔√⁹ 

 

ₒ 4 ─ ₓ 

⅛╠─ ╩ ⌐ ∆╢ ⅔╟┘ ⌐│ ╛

─╒⅛⌐⁸ ≢ ™◕▬fi⅔╟┘ ™ ≢╙ ∆╢ ⅜ ≢№╢⁹

≢│⁸Ⱳ꜡fi♪כⱪ ♄▬ꜘ⸗fi♪ MESFET─ ▬fiⱧכ♄fi☻─ ╩

⇔⁸ ╛ ╩ ╘√⁹ 

│ⱴ▬◒꜡ ⱪꜝ☼ⱴ CVD⌐╟╡◄Ⱨ♃◐◦ꜗꜟ ↕∑♅ꜗⱠꜟ┼─ⱱ► │ⱪכ♪

≤ ⱪכ♪♩כ○⌐ ╩ ™≡ ∫√⁹◄Ⱨ │◐ꜗꜞ▪ ╩ ≤⇔≡ ⱪꜝ☼

ⱴ⌐↕╠⇔≡◐ꜗꜞ▪ ╩ ∫√⁹ │ ─√╘⌐ √⌐ ╩ ™⁸GSG

Ground, Signal, Ground ≤⇔ Port 1 ─ Signal ⅔╟┘ Ground╩◕⁸☻כ♁┘╟⅔♩כ

Port 2 ╩♪꜠▬fi⅔╟┘♁כ◕⁹√⇔≥☻כ♩⌐│▪ꜟⱵ♬►ⱶ╩ ≥♩כ◕כ◐♩♇ꜛ◦≡™

⇔√⁹╕√ ♩כ◕─ ♩כ◕┘╟⅔ │ 100nm⁸50µm≤⇔⁸♁כ◕☻כ♩ │ 1µm≤⇔≡

╩ ⇔√⁹ 

▬fiⱧכ♄fi☻ ⌐│ Agilent technology Keysight ─ⱬ◒♩ꜟⱠ♇♩꞉

◙▬ꜝ♫▪◒כ E5071C ╩ ™ 8GHz╕≢─ ≢ SⱤꜝⱷכ♃ ╩ ∫√⁹╕√⁸

ⱪ꜡כⱩ≤⇔≡ MPI ◄▪◖ⱪ꜠כ♫ⱪ꜡כⱩ╩ ™√⁹ │ MPI ─ AC2

╩ ™≡ OSLT Open, Short, Load, Thru ⱨꜟ 2ⱳכ♩ ≤⇔√⁹ 

3.1.9 (a) (d)⌐ ⇔√MESFET─ SⱤꜝⱷכ♃≢№╢ S11⁸S12⁸S21⁸S22╩ ∆⁹Port1

⅔╟┘ Port2 ─ ≢№╢ S11⅔╟┘ S22│ 50Ɏ ─☻Ⱶ☻♅ꜗ⁸♩כS12⅔╟┘ S21│ⱳ

≢♩כꜗ♅כꜝכ ⇔≡™╢⁹ ♩כ◕│ Vgs=0V⁸♪꜠▬fi Vds=- 8V≤⇔√⁹ 
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(a)  MESFET─ S11  

 

 (b) MESFET─ S21  
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 (c)  MESFET─ S12  

 

 

 (d) MESFET─ S22  

3. .9  MESFET─ SⱤꜝⱷכ♃  
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3.1.10  FET─ ≤ⱳכ♩ 

 

 

⌂⅔⁸SⱤꜝⱷכ♃│ 3.1.10 ⌐ ∆ ╡⁸ ⱳכ♩≢─ a1⁸a2 ⅔╟┘ b1⁸

b2 ╩ ™≡ ─ ≢№╠╦↕╣╢⁹ 

ὦρ
ὦς

ὛρρὛρς
ὛςρὛςς

ὥρ
ὥς

 

↓╣⌐╟╡⁸Port2 ⌐⅔↑╢ a2╩♀꜡≤⇔√ Port2 ≢─▬fiⱧכ♄fi☻ⱴ♇♅fi

◓ ─ Port1 ≢─ ⅜ S11≤⌂╡⁸╕√ Port1 ⌐⅔↑╢ a1 ╩♀꜡≤⇔√

Port1 ≢─▬fiⱧכ♃fi☻ⱴ♇♅fi◓ ─ Port2 ≢─ ⅜ S22≤⌂╢⁹↓╣╠─

⅛╠ 3.1.10 ⌐ ∆ ╩ ™≡ Ɽꜝⱷכ♃─ ⅜ ≢№╢⁹SⱤꜝⱷ

─♃כ ♩כ◕╡╟⌐ ≢№╢ Cgs│ 80fF ≢№╢≤ ╘╠╣√⁹ 

╕√⁸MESFET─ ╩ ∆╢√╘ (h21)⅜♀꜡≤⌂╢ ╩

╘√⁹h21│ ─ ╟╡ SⱤꜝⱷכ♃⅛╠ ╘╢↓≤⅜ ≢№╢⁹ 

Ὤ
ςὛςρ

ρ Ὓ ρ Ὓ Ὓ Ὓ
 

⌐|h21| 2─ ⅜ 6dB/oct ≢ ∆╢ ╩ ⇔⁸|h21| 2 =1 (0dB)≤⌂╢

╩ f T≤⇔≡ ∆╢⁹↓─ ⌐╟╡ ╘√ MESFET─ ╩ 3.1.11

⌐ ∆⁹  
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3.1.11  MESFET─ h21 ─  

 

 3.1.11 ╟╡ |h 21| 2│ ╡- 6dB/oct ≢ ⇔≡⅔╡⁸ⱱ► ⱪכ♪ ╩♅ꜗ

Ⱡꜟ⌐ ™√ ♄▬ꜘ⸗fi♪MESFET─ f T│ 4GHz ≤ ╕∫√⁹ 

 

⁸ ⱬ◒♩ꜟⱠ♇♩꞉כ◒▪♫ꜝ▬◙╩ ™≡ ╩♩כ◕ ∆╢Ᵽꜟ◒ ♄▬ꜘ⸗

fi♪ FET⌐⅔↑╢◕כ♁♩כ☻ ╩ ⇔√⁹ ⇔√ ⅛╠ f T╩

⇔⁸f T⅜ 100MHz ≢№╢↓≤╩ ⇔√⁹ 
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3 1 3 ₒR2- R4x  

ₒ 2 ┘ 3 ─ ₓ 

2 ⌐│Ᵽꜟ◒ ♄▬ꜘ⸗fi♪ FET ⱪ꜡☿☻╩Ⱶ♬ⱴꜟⱨ□Ⱪ⌐ ⌂

ⱪ꜡☿☻ⱨ꜡⁹√⇔≥כⱵ♬ⱴꜟⱨ□Ⱪ ♄▬ꜘ⸗fi♪►▼Ɫ─ ⁸ ⅔╟┘

╩ ⇔√⁹ ⌐│ ⅔╟┘ ╩ ™≡ ∫√⁹ 

3 ⌐│Ⱶ♬ⱴꜟⱨ□Ⱪⱪ꜡☿☻╩ ™⁸ ╩ ⇔√⁹ ╕╡

╩ ⇔ⱪ꜡☿☻ ╩ ⇔√⁹ 

ₒ 4 ─ ₓ  

 ♦Ᵽ▬☻╩ ⌐ ℮↓≤╩ ⅎ√ ⁸ ⅎ┌ ─ ⌐ ╖ ╙℮≤∆╢⌂╠⁸ ≈

─ ⌐ ↄ─ ⅜ ≤⌂╢⁹∕─√╘ ≈─ ⌐ ─ ╩ ╕╡ ↄ

∆╢ ─ │⁸◖☻♩╩ ⅎ╢∞↑≢⌂ↄ⁸ ℮ ≢ ⌂↓≤≤ ⅎ╢⁹↓─ ╕╡

╩ ⅎ√ ⁸ⱪ꜡☿☻ ≤ ⅜ ⌐№√╢⁹ 

 ╕∏ⱪ꜡☿☻ ⌐≈™≡⁸♦Ᵽ▬☻ ⌐⅔™≡ ╙ ⅜№╢─│ꜞ♁◓ꜝⱨ▫כ ⌐

№╢≤ ⅎ╢⁹ꜞ♁◓ꜝⱨ▫כ ≢ ⁸ ⁸ ≤™∫√Ɽ♃כfi╩ ∆╢↓

≤⌐⌂╢─∞⅜⁸ ≤⌂╢♦Ᵽ▬☻╩ ↕∑╢⌐│ Ɽ♃כfi─ ╩ ╟ↄ ╦∑╢

⅜№╢⁹↓╣⅜∏╣≡⇔╕℮≤⁸ ⅜ ≤ ⌂╢╙─≤⌂∫≡⇔╕℮⁸ ⅜ ⇔

⇔⌂™≤™∫√ ⅜ ∂╢⁹ 

↓─ ╦∑⌐≈™≡⁸ │ⱴכ◒▪ꜝ▬ⱷfi♩ ╩ ™≡ ≢─ Ɽ♃כfi─

╦∑╩ ℮⁹ ─ ≢♄▬ꜘ⸗fi♪ ⌐◄♇♅fi◓╛ ⌂≥≢⁸ ─

ⱴכ◒╩ ⇔≡⅔ↄ↓≤≢⁸ ↓─ⱴכ◒ ╩ ⇔≡ Ɽ♃כfi─ ╩ ∆╢

≢№╢⁹↓─ⱴכ◒╩≢⅝╢∞↑ ⌐∆╢↓≤≢ ╦∑ ╙ ⅜╢⅜⁸ ⌐╟∫≡│

⌐≢⅝╢ⱴכ◒Ɽ♃כfi⌐ ⅜№╡⁸∕╙∕╙ ─ ╖╛ ☺כ♥☻─ ⌐╟∫≡∏

╣⅜ ∂╢ ⅜ ╢⁹∕╣╝ⅎ⁸♁כ☻♪꜠▬fi ⅜ ─⧵╩fiכ♃Ɽ♩כ◕≥╢⌂⌐

⌐ ╘╠╣╢╟℮⌂ ≢ ╦∑╢↓≤│⁸ ⌐ ⅜ ↄ⌂╢⁹ 3- fiכ♃Ɽ♩כ◕⌐1

─ ╦∑⌐ ⇔√ ╩ ∆⁹ 3mm─♁כ☻♪꜠▬fi ♩כ◕⌐ 100nm◕כ♩Ɽ♃כfi╩

╦∑╟℮≤⇔√⅜⁸ 3.1.12 (b)⌐ ☻כ♁⅜fiכ♃Ɽ♩כ◕⌐℮╟∆ ─◖fi♃◒♩ ⌐

⇔≡⇔╕℮ ≤⌂∫√⁹ ─ ≤⇔≡│ ─ ╡↕╕↨╕⌂ ⅜ ╗√╘⁸∆═≡─

╩ ∆╢─│ ⇔™⁹ 

╖─ │ ─ ⅛╠ ≢⅝╕∑╪⁹ 
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 ↓─ ─√╘ ⇔√─⅜⁸3.1.1 ≢╙ ═√☿ꜟⱨ▪ꜝ▬fi ≢№╢⁹☿ꜟⱨ▪ꜝ

▬fi fiכ♃Ɽ♩כ◕╙⧵╙⧵┌╠⌂ ⌐ ╦∑⅜ ⌂™√╘⁸ ╦∑ ⌐╟╢ⱪ

꜡☿☻ ╩ ↄ∆↓≤⅜ ≤⌂╢⁹ 3.1.13 fi▬꜠♪☻כ♁┘╟⅔fiכ♃Ɽ♩כ◕⌐ ╩

─ ╩ ∆⁹ꜞ♁◓ꜝⱨ▫כ ∕─╙─⌐ ⌂↑╣┌ FET⅜ ≢⅝╢√╘⁸

⇔√ MESFET⌐≈™≡╙ ╕╡⅜ ⇔≡™╢⁹ 

 

 ╙℮ ≈─ ≢№╢ │⁸ ╩ ⅎ√ ⌐ ⅝⌂ ≤⌂∫≡ↄ╢⁹ כꜝ◐⌐

≤ ┌╣╢ ⅜♦Ᵽ▬☻⌐ ⅜◒כꜞ│↓⧵⁸≥℮╕⇔≡╣╕ ∂╢ ⅜ ↄ⌂╡⁸

⌐ ⌂ ╩ ⅎ≡⇔╕℮⁹ ⌂ ≢│№╢⅜⁸Ⱳ꜡fi♪כⱪ♄▬ꜘ⸗fi♪ ╩

10mm ⇔√ ─Ɫכⱨ▬fi♅♄▬ꜘ⸗fi♪ ─ ╩ 3.1.14 ⌐ ∆⁹ ⁸ ⁸

│ ─ ≢⅔⅔╟∕ ⅛╠ ∂ ⌐≈™≡ ═≡™╢⁹ ⌐ ™ ─

⅜ כꜝ◐│╠╣↓⁸╡⅔≡╣╠ ─╟℮⌂ ╩ ∟℮╢≤ ↕╣╢⁹ 3- 1⌐

≢─ ╩ ∆⁹1000 / cm2╩ ⅎ╢ ≤⌂∫≡™╢⅜⁸♦Ᵽ▬☻─ ⌐

╟∫≡↓╣╠─ ⌐╟╢ ╕╡ ╩ ≢⅝╢⁹ 3- 1 ─ ╕╡─ │⁸

3.1.1 ≢ ⇔√ fi▬꜠♪☻כ♁ MESFET─ ≢ ↕╣√ ≢№╡⁸↓╣∞↑─

⅜ ⇔≡™≡╙ 90%╩ ⅎ╢ ╩ ≢⅝≡™╢⁹ 

 ↓─╟℮⌐ⱪ꜡☿☻ה♦Ᵽ▬☻ ╩ ∆↓≤│⁸ ∞↑≢⌂ↄ ╕╡ ⌐╙

⌐ ≤⌂╢⁹ 

⁸Ᵽꜟ◒ ♄▬ꜘ⸗fi♪ FET─ ⅔╟┘ⱪ꜡☿☻ ╩ ⇔⁸ ─

( a)  

( b)  

3.1.12  ⱴכ◒▪ꜝ▬ⱷfi♩ fiכ♃Ɽ♩כ◕╢╟⌐ ─  

( a) ◕כ♩Ɽ♃כfi─꜠☺☻♩ⱴ☻◒⁸( b) ╩ ⌐⇔√  

 

3.1.13  ☿ꜟⱨ▪ꜝ▬fi fi▬꜠♪☻כ♁fi⁸כ♃Ɽ♩כ◕╢╟⌐  

╖─ │ ─ ⅛╠ ≢⅝╕∑╪⁹ 
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⌐≈™≡ ⇔√⁹ ╩╙≤⌐ⱪ꜡☿☻ ─ ╩ ⇔⁸ ╕╡─

╩ ∫√⁹ 

 

 

  

 

    

( a)                ( b)  

   

( c)               ( d)  

3.1.14  Ⱳ꜡fi♪כⱪ♄▬ꜘ⸗fi♪ 10mm ─ 

Ɫכⱨ▬fi♅♄▬ꜘ⸗fi♪ ─  

3.1. 1 ≢─ Do ≤ ╕╡ Y  

Y│◕כ♩ 100nm, ◕כ♩ 50mm─ ─  
 

Do[ /cm2] Y  

A 487 0.98 

B 1678 0.92 

C 1191 0.94 

D 1813 0.91 
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3.2 ♄▬ꜘ⸗fi♪ FET─  

3.2.1 ♩כ◕  ─ ₒR2- R4x  

ₒ 2 ┘ 3 ─ ₓ 

2 ⌐│ Al 2O3 ╩ ⌐ ∆╢√╘⁸ Atomic Layer 

Deposition ALD ╩ ⇔√⁹ ╩ ╘╢√╘⁸ ⌐ ™╠╣╢ ALD ─

250 350ϴ╟╡ ⌐ ╩ ↄ⇔⁸500ϴ╕≢ ∆╢↓≤⅜ ⌂ ≤⇔√⁹

≤⇔≡○♂fi ⌐≈™≡♥☻♩╩ ∫√⁹╕√⁸TEOS/CVD⌐╟╢ SiO2╩

≤⇔≡ ⇔√⁹ ⇔√ │ C- f ⅔╟┘ IV ⌐≡ ╩ ™⁸

⁸ ╩ ═√⁹╕√⁸2 ⌐ ⇔≡™╢♄▬ꜘ⸗fi♪◄Ⱨ♃◐◦ꜗꜟ

─ ─ ≤⇔≡♄▬ꜘ⸗fi♪ CVD ⌐ ╩ ⇔√⁹ 

♩כ◕ ╩ 3ɡm ≤⇔⁸↕╠⌐☿ꜟⱨ▪ꜝ▬fi◕כ♩⌂≥─ ╩

╡ ╣⁸ ( ◖fi♄◒♃fi☻)─ ⌂ ╩ ∫√⁹ⱪ꜡☿☻⌐│ ꜞ♁

◓ꜝⱨ▫כ╩ ™√⁹ 

3 ⌐│☿ꜟⱨ▪ꜝ▬fi◕כ♩─ ⌐╟╡ ◖fi♄◒♃fi☻ 6mS/mm╩

♩כ◕⁸√╕⁹√⇔ ╩ 1ɡm≤∆╢↓≤≢ 12mS/mm╩ ⇔√⁹Al 2O3Ɽ♇◦ⱬכ◦ꜛfi

╩ ↑╢↓≤≢⁸ ╩╙∫√ ♄▬ꜘ⸗fi♪ MOSFET╩ ⇔√⁹

Al 2O3Ɽ♇◦ⱬכ◦ꜛfi⌐╟╡⁸X ⌐⅔™≡ 3MGy╕≢ ⅜ ↕

╣╢↓≤╩ ⇔√⁹ 

 

ₒ 4 ─ ₓ 

MOS

[1]

Sasama CVD

BN

BN

ALD Al2O3

 

CVD

ALD

Al2O3 ALD

( 3.2.1)

3.2.2  
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3.2.1        3.2.2  

 

3.2.3 3.2.4  

     

3.2.3             3.2.4  

 

CVD

200 700k /sq 72 10k

/sq ALD ALD

1M /sq ALD

 

ALD

1M /sq

ALD  

ALD

3.2.5 - 40V

3.2.6  

G D S 

5 00 Êm 
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3.2.5 ALD IDVD (VG 0 - 20V) 

 

 

3.2.6 ALD IDVD (VG 0 - 40V) 

  

-10

-5

0

5

10

-20-15-10-50

I D
(n

A
)

VD(V)

-60

-50

-40

-30

-20

-10

0

-40-200

I D
(m

A
)

VD(V)

ṥ 

πмс± πмн± πнл± πу± πп± л± 

πнп± πон± πпл± πмс± πу± л± 



 

 

3.2- 4 

 

 

3.2.2  ─  ₒR3- R4x  

ₒ 3 ─ ₓ 

3 ⌐│ ⇔√ ─ ◖fi♄◒♃fi☻╩ ⇔⁸Ᵽꜟ◒ ♄▬ꜘ⸗fi♪FET

─ ╩ ⌐ ⅎ╢ ⅜ ╠╣╢↓≤╩ ⇔√⁹╕√⁸ⱡ▬☼ ╩ ™⁸

⌐ ⌂ ⱡ▬☼ה ⅜ ≢№╢↓≤╩ ⇔√⁹ ⇔≡

⌐ FET ─ ╩ ⇔√⁹ 

╩ ⇔√♄Ⱪꜟ◕כ♩♄▬ꜘ⸗fi♪ MOSFET╩ ⇔⁸ ◖fi♄◒♃fi

☻╩ ⇔√ 0.6mS≢№∫√⁹↓─ │◌♇♩○ⱨ ⅜ 500MHz ≢№╢≤

╘╠╣√⁹EB ꜞ♁◓ꜝⱨ▫כ╩ ™√ⱪ꜡☿☻⌐╟╡⁸◕כ♩ 0.5ɡm─♄Ⱪ

♪fi⸗ꜘ▬♄♩כ◕ꜟ MOSFET╩ ⇔⁸ ╩ ⇔√⁹FET ⌐ ⇔≡│

─ ╩ ∆╢↓≤≢ ⇔⁸ ╩ ≢⅝╢↓≤╩ ⇔√⁹ 

 

ₒ 4 ─ ₓ 

MOSFET

 

Keysight ( 3.2.7)

FET ( 3.2.8)

 

  

3.2.7        3.2.8  

 

MOSFET DC

15mS/mm Cgs 103fF fT=gm/2 Cgs

fT 1200MHz  
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3.2.9           3.2.10  MOSFET 

 

  

 

3.2.11 IDVD (VG 20 - 20V) 
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3.2.12 gmVG (VD=- 30V) 

 

RF fT fMAX fT=1870MHz

fMAX=1230MHz |h21|2 - 6dB/oct

 

 

3.2.13 fT=1870MHz fMAX=1230MHz  
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3.2. 3 ₒR2- R4x  

ₒ 2 ┘ 3 ─ ₓ 

2 ⌐│ 3 ⌐ ℮ ─√╘⌐ ─ ╩ ∫√⁹

●☻ ⌐≡ ─ ≢ ⌂ ⅜ ⌂◦☻♥ⱶ╩ ⇔√⁹ 

⇔√ ⌐ ⇔⁸300ϴ ─ ≢ ╩ ™⁸ ─ ╩

⇔√⁹ 

3 ⌐│◖fi☻♃fi♃fi⁸♬◒꜡ⱶ⁸ⱴfi●♬fi ╩ ⇔☻Ɽ♇♃ꜞfi◓ ⌐

╟╡ ╩ ⇔√⁹◐ꜗⱤ◦♃≤⇔≡│ BST⁸KBT⁸▪ꜟⱵ♫╩ ⇔≡ ╩

⇔√⁹▪ꜟⱵ♫⌐≈™≡│◄▪꜡♂ꜟ♦ⱳ☺◦ꜛfi(AD) ≤ ALD ╩ ╖√⁹300ϴ

─ ●☻ ≢ ╩ ™⁸ ⌐ ⇔≡│ ─ ≢ ⌂ ╩ ╠╣√⁹

◐ꜗⱤ◦♃⌐ ⇔≡│▪ꜟⱵ♫ ─℮∟ AD ≢╟™ ╩ ╠╣√⁹ 

 

ₒ 4 ─ ₓ 

BWR 300 72

300 MOSFET

 

( 3.2.14)
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3.2.14  

 

  

♄▬ꜘ⸗fi♪  



 

 

3.2- 9 

 

 

 

  

3.2.15        16  

(400 )               (400 ) 

 

FET

 

 

 

3.2.17 IDVD ) 
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3.2.18 IDVD ) 

 

10

 

 

3.2.19 IV (400 ) 
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[1] High- mobility p- channel wide- bandgap transistors based on hydrogen- terminated 

diamond/hexagonal boron nitride heterostructures 
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3.3 SiC○Ɑ▪fiⱪ─  

≢│⁸ ─ (Post Accidental Monitor: PAM ⁸ ) Ɫ▬Ⱪꜞ

♇♪ IC ╩ ⌐ ⅝⁸∕─ ⌐ √╢ ה IC ≤⇔≡

SiC ○Ɑ▪fiⱪ─ ╩ ℮⁹○Ɑ▪fiⱪ│ 2 ─ ⌂ ╩ ⇔≡

∆╢ ≢№╢⁹ ∕─ ⌐│ MOSFET(Metal - Oxide Semiconductor Field 

Effect Transistor) ╛Ᵽ▬ⱳכꜝ♩ꜝfi☺☻♃⅜ ↕╣╢↓≤⅜ ≢№╢⅜⁸MOSFET

─ ⌂ ╩ ↑╢ MOS │ ⌐╟╢ ╩ ↑╛∆ↄ⁸ ⌐

⌐╟╡ MOSFET─ │ ⅝ↄ ה ∆╢√╘[1] ⁸ ─ ™

≢│ ℮↓≤⅜≢⅝⌂™⁹ ⁸MOS ╩ ⇔⌂™ ♩ꜝfi☺☻♃≢№╢ JFET

Junction Field Effect Transistor │ ⌐ ⅜ ↄ⁸ ⌐ ≤⇔

≡ SiC╩ ℮↓≤≢ 9MGy╩ ⅎ╢●fiⱴ ╩ ⇔≡╙ ⇔≡ ∆╢↓≤⅜ ⅛∫≡

™╢[2] ⁹ 

4 │ SiC○Ɑ▪fiⱪ ⌐ ↑≡⁸ᵑSiC- IC ─ ⌂ ≢№╢

╩◘fi♦fi◖ה SiC►▼Ɫ ⌐ ╡ ╗ ○fi♅♇ⱪ √╘─ ╩

╘√⁹╕√⁸ᵒSiC○Ɑ▪fiⱪ─ ⌂ ≢№╢ SiC- JFET╩ ⇔⁸∕─ ⅛

╠ 100 MHz─ ⅜ ≢№╢ ╩ ∆╢≤≤╙⌐⁸ ה ─ ╩ ∫√⁹

⌐⁸ᵓ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ™√○Ɑ▪fiⱪ─ ⁸ ┘ ⇔√ ╩ ™√

╩ ∫√⁹ 

 

 3.3.1  ○fi♅♇ⱪ ─ ₒR2- R4x  

ₒ 2 ┘ 3 ─ ₓ 

2 ⌐│○fi♅♇ⱪ ⁸ ⌐ ─ ╩ ∫√⁹◄Ⱨ♃◐◦ꜗꜟ

┼─▬○fi ╙⇔ↄ│ ◄Ⱨ ╩◄♇♅fi◓ ∆╢↓≤≢○fi♅♇ⱪ ─

╩ ∫√⁹ ⇔√ │ ╩ ∫≡ ≤─ ╩ ⇔√⁹ 

3 ⌐│○fi♅♇ⱪ ⅜ ⌐ ⇔≡±15% ─ ≢ ⅜ ≢⅝

╢↓≤╩ ⇔√⁹Al 2O3 SiO2╙⇔ↄ│ pn ⌐╟╢○fi♅♇ⱪ◖fi♦fi◘╩ ⇔√⁹

─ ⁸SiO2⁸Al 2O3≢│ ⅜ ⅝™ ⅜№╡⁸ ≤⇔≡ ≢№╢≤

⇔⁸pn ≢─ ╩ ∫√⁹ 
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ₒ 4 ─ ₓ 

 (1)  

3.3.1 ⌐JFET╩ ™√○Ɑ▪fiⱪ─ ╩ ∆⁹ ╟╡⁸○Ɑ▪fiⱪ│ ⌐JFET

≤ ⅛╠ ↕╣╢↓≤⅜ ⅛╢⁹∕╣∙╣ ─ ♩כꜞ◒☻▫♦ ╩ ™≡

↕╣╢↓≤╙№╢⅜⁸ ∂ ⌐ JFET≤ ╩ ╡ ╖ IC ∆╢↓≤≢○Ɑ▪fiⱪ∕

─╙── ⌂ ╩ ╢↓≤⅜≢⅝╢⁹╕√⁸○Ɑ▪fiⱪ│∕─ ╘╠╣╢ ⁸ ▬

fiⱧכ♄fi☻│ ↄ⁸ ▬fiⱧכ♄fi☻│ ™ ⅜№╢√╘⁸ 3.3.1 ⌐ ↕╣≡™╢

─ │ ╠⅛ⱶכ○ ⱷ●○כⱶ⌐ ╢ ™ ≢ ∆╢ ⅜№╢⁹╕√⁸○Ɑ

▪fiⱪ ≢│ ─ ╩ ∆╢√╘─ⱨ▫ꜟ♃≤⇔≡◖fi♦fi◘ ◐ꜗⱤ◦♃

╙ ⌐⌂╢√╘⁸ ≤ ∂ↄ○fi♅♇ⱪ≢◖fi♦fi◘╩ ╡ ╗↓≤╙ ≢№╢⁹ 

╩ ╕ⅎ≡⁸ ≢│○Ɑ▪fiⱪ─ IC ╩ ⌐⁸SiC ≢○Ɑ▪fiⱪ⌐

≤↕╣╢ ⁸ ┘◖fi♦fi◘╩ ∆╢√╘─ ⌐≈™≡ ═╢⁹ 

 (2) ─  

 ─ ─ ╩ ⇔⁸

3 ⌐⅔™≡ ⁸ ⇔√ ─

╩ ⇔√⁹ 3.3.2 │ ⇔√

─ ╩ ∆⁹n ⌐ Al ╩▬○fi

⇔ ⌐ p ╩ ∆╢ ≢

╩ ⇔√⁹ 3.3.3 ⌐

─ ↕ 18,  36, 54, 90, 126ɡm╩⁸

500ϴ, 1 ─ ⌐ ∆ ─

ה ╩ ⇔√ ╩ ∆⁹

⌐⅔™≡⁸ ╣╙ ╣√ ╩ ⇔

≡⅔╡ ≤⇔≡─ ╩ √∆↓≤│

 

3. 3.1 JFET╩ ™√○Ɑ▪fiⱪ─ 

≢ ╦╣√ ⅜ JFET  

+
Inputs Output

+ VDC

- VDC

-
Inputs

+

-

Inputs

Output

+ VDC

- VDC

 

 

3.3.2  SiC ⌐▬○fi ⌐╟╡ ∆

╢ ─  

 

3.3. 3 ─  



 

 

3. 3- 3 

 

≢⅝√⁹╕√⁸ ─ ╩ ∆╢≤⁸⅔⇔⌂═≡∆═≡─ ↕─ ≢

⅜ ⅛⌐ ⇔≡™╢↓≤⅜ ⅛╢⁹√∞∕─ │ ≢╙ 4 ≢№╡⁸ ↕╣╢

○Ɑ▪fiⱪ─ ⱴכ☺fi⌐ ╕╢↓≤⅛╠ ─ ≢№╢↓≤⅜╦⅛∫√⁹ 

⌐⁸ 4 ─ ─ ╩ ╘╢√╘⁸TLM( Transfer Length Method) 

⌐╟╡⁸ ─ ─◖fi♃◒♩ ⁸ ┘ p▬○fi ♩כ◦─ ╩ ╙

∫√⁹ 

 

TLM⌐╟╡ ↕╣╢ │⁸ 

 

Ὑ Ὑ ςὙ           (1)  

 

≢ ↕╣╢⁹↓↓≢⁸W: ⁸L

⁸RS ♩כ◦ ⁸RC:◖fi♃◒♩ ≢№

╢⁹ 3.3.4 ⌐ TLM ─ ╩╕≤╘╢⁹◓

ꜝⱨ─ ♩כ◦╠⅛⅝ ╩⁸y ⅛╠◖fi

♃◒♩ ╩ ∆╢↓≤⅜≢⅝╢⁹∕─

⁸ │◖fi♃◒♩ ⅜ 1.23×10- 3 

ɎĿcm2≢№∫√─⌐ ⇔⁸ ⌐│ 1.46

×10- 3 ɎĿcm2⌐ ⇔≡™╢↓≤⅜ ⅛∫√⁹

↓─↓≤⅛╠⁸ ⌐ ─ ⅜

⇔√ ⌂ │⁸ ─ ⌐╟╢◖fi♃

◒♩ ─ ⅜ ≢№╢ ⅜ ↕╣╢⁹ 

 (3)◖fi♦fi◘─  

─ ─ ⌐ ™≡⁸◖fi♦

fi◘─ ⌐≈™≡ ═╢⁹ 

─ ╩ ∫√ ≤ ∂ↄ⁸

500ϴ, 1 ─ ⌐ ∆ ─◐ꜗ

Ɽ◦♃─ CV ╩ ⇔√ ╩ 3.3.5 ⌐ ∆⁹ ≤ ∂ↄ ≢ ⅝⌂

│ ╠╣∏⁸ ╣√ ╩ ⇔≡™╢↓≤⅜╦⅛∫√⁹ 

 ⌐ SiC─ pn ⌐ ∆╢≤ pn ≢─ ⅜ ↓╢↓≤⅜ ╠╣≡™

╢⁹ ╩ JFET─⇔⅝™ ≤⇔≡ ⇔√ ≢│ 3MGy ╩ ⅎ╢≤ ⅜ ⌐

⌂╡⁸5MGy╕≢─ ≢ 0.2 0.4V ⁸10MGy≢ 0.6V ─⇔⅝™ ⅜ ↕╣≡™

╢[ 5]⁹ ☻כ♁⁸≡™⅔⌐ ⌐ ™╢ ≤⇔≡⁸ ─╒⅛⌐ JFET⌐

╟╢ ╩ ™╢ ╙ ⇔⁸JFET╩ ™≡ ╩ ⇔√⁹ 

 3.3.6 ⌐ JFET⌐ 5MGy╕≢ X ⇔√ ─ ≤⇔⅝™ ─ ╩ ∆⁹5MGy

╕≢─ ≢╙ ◒כꜞ⌂ ─ │ ╠╣≡⅔╠∏⁸╕√⇔⅝™ ─ │ ─ ≤

╒╓ ⌐ 0.2V ≢№∫√⁹ 

⌐╟╡⁸SiC ─ ⅜ 5MGy≢№╢↓≤⁸ ≢─ ╩ ⌐

⅔™√500ϴ≢─ ╩ ⇔√⁹ 

3.3. 1 ─  

 

ή[um] ϯИ˔и [ kћ]ϯИ˔иῇ[ kћ] Ό ᾚ

18 4.71E+02 4.81E+02 +2%

36 8.22E+02 8.46E+02 +3%

54 1.17E+03 1.22E+03 +4%

90 1.88E+03 1.96E+03 +4%

126 2.67E+03 2.67E+03 0%

 

3.3. 4 ─ TLM  

y = 0.3212x + 7.2741
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3.3. 6 X ─ JFET─ I DS- VDS ≤⇔⅝™  

 

3.3. 5 ─  
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  3.3.2  JFET─ ₒR2- R4x  

ₒ 2 ┘ 3 ─ ₓ 

2 ⌐│ FET─ ╩ ™⁸ⱪ꜡☿☻ⱨ꜡כ╩ ⇔√⁹ ⌐⅔™≡

◖fi♄◒♃fi☻ gm ╩ 5mS ≤⇔⁸100MHz≢─ ⅜ ⌂ ╩ ≤⇔√⁹ 

3 ⌐│○Ɑ▪fiⱪ⌐ ™╢ FET╩ fi○▬⌐♩כ◕⁹√⇔ ╩ ™≡

ⱡכⱴꜞ○fi ⁸ⱡכⱴꜞ○ⱨ FET╩∕╣∙╣ ⇔√⁹ ─ ◖fi♄◒♃fi☻⁸◕כ♩

☻כ♁ ╩ ⇔⁸100MHz─ ⅜ ≢№╢↓≤╩ ⇔√⁹ ⇔√ FET⌐

⅔╟┘ ╩ ™⁸ ⌐ ⌂ ≤ ╩ ∆╢↓≤╩

⇔√⁹ 

 

ₒ 4 ─ ₓ 

 (1)  

≢│⁸ 3.3.1 ⌐ ∆○Ɑ▪fiⱪ─ ─ ≢ ≤≤╙⌐ ⌂ ╩ √∆ SiC-

JFET⌐≈™≡⁸ ה ─√╘⌐ 3 ⌐ ─ ─ ⁸ ┘ ╩

™⁸ ─ ╩ ∫√ ⌐≈™≡ ═╢⁹ 

 

 (2)SiC - JFET─♦Ᵽ▬☻  

3. 3.6 ⌐ ≢ ⇔√ SiC JFET─ ╩ ∆⁹♅ꜗⱠꜟ ⅜ p ⌐ ╕╣√

♩כ◕ ♩כ◕⁹╢№≢ ⌐ ─ ╩ ∆╢↓≤≢♅ꜗⱠꜟ ─ ⅛╠

⅜ ⅜╡⁸ ─○fiה○ⱨ╩ ∆╢⁹ ─ JFET─ │ⱪ꜠כ♫כ ⅔╟┘☻♩ꜝ

▬ⱪ ≢№╡⁸○ⱨ ─ │ ≢╙ 3 ≢№╢⁹ ⁸ ♩כ◕ ─ ⁸

♅ꜗⱠꜟ ─ ─ 4 ⅛╠ ⅜ ⅜╢↓≤≢ ╩ ∆╢√╘⁸ ─ ≤

◒כꜞ≡⇔ ─ ה ☻▬♇♅fi◓ ⅜ ≢⅝╢⁹ 

3.3.7 ⌐ TCAD◦Ⱶꜙ꜠כ◦ꜛfi╩ ™≡ ⇔√ SiC ♩כ◕ JFET─ 3D⸗♦ꜟ╩ ∆⁹

≢│⁸╕∏ ╘⌐ TCAD◦Ⱶꜙ꜠כ◦ꜛfi⌐╟∫≡ ♅ꜗⱠꜟ─ SiC JFET╩ ⇔⁸

╩ ∆╢↓≤≢♦Ᵽ▬☻ ─ ╩ ∫√⁹╕√⁸nϊ─♪כⱧfi◓ ND│

6×1016 cm- ♩כ◕⁸⇔≥3 (LG)│ 1 ɡm2 ɡm3 ɡm4 ɡm─ 4 ≤⇔√⁹↓↓≢⁸

3.3.8(a) (b) (c) │♅ꜗⱠꜟ ─ ♅fi꜠♩♩כ◕⁸╡№≢ │1.6 ɡm≢№╢⁹ LG

─♦Ᵽ▬☻⌐⅔™≡◕כ♩ ─ ↕( TG)╩ 0.1 ɡm 0.2 ɡm 0.3 ɡm≤⇔≡ ⇔√⁹TG⌐╟

∫≡♅ꜗⱠꜟ ╩ ↕∑╢↓≤≢⁸⇔⅝™ ─ ╩ ╢( 3. 3.2)⁹ 
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3.3.7   SiC ♩כ◕ JFET─  

 

 

3.3. ♩כ◕ 2 ─ ↕≤♅ꜗⱠꜟ ─  
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   ( 3)SiC- JFET ─◦Ⱶꜙ꜠כ◦ꜛfi  

 

3. 3.8 ⌐ LG=4 ɡm TG=0.2 ɡm─ ♅ꜗⱠꜟ ⅔↑╢ (I D- VD) ─◦Ⱶꜙ꜠כ◦ꜛfi

╩ ∆⁹ ה ⅜ ≢⅝╢√╘ ♩ꜝfi☺☻♃≤⇔≡─ ⅜ ╠╣

≡™╢↓≤⅜ ♩כ◕⁸√╕⁹╢⅝≢ (VG)⅜ 0 V─ ⌐♪꜠▬fi (I D)⅜ ╣≡™╢√

╘⁸ⱡכⱴꜞ○fi ⅜ ╠╣≡™╢⁹ 

3. 3.3 ⌐ VD=10 V ≤⇔√ ─ VG=- 5 V 0 V─ ⌐⅔↑╢ (r d)╩ ∆⁹VG─ ⌐

™ r d│ ∆╢⁹↓╣│⁸VG⅜ ™╒≥⁸VD⅜ ™ ≢Ⱨfi♅○ⱨ⌐ ⇔⁸ ⌐⅔↑

╢ I D⅜ ↕ↄ⌂╢⅛╠≢№╢⁹╕√⁸ ⌐⅔™≡⁸VG─ ⌐ ™ I D╙ ∆╢ ≤⇔

≡│⁸♅ꜗⱠꜟ ─ ≤♅ꜗⱠꜟ │ ─ ⌐№╢⅛╠≢№╢( 3. 3.9)⁹

╟╡⁸ 3. 3.8 ≤ 3. 3.3 ⅛╠ VG⌐╟∫≡ I D╩ ≡™╢↓≤⅜ ≢⅝╢⁹ 

 

    

 

3.3. 7  ♅ꜗⱠꜟ ─  

3.3. ♩כ◕ 2 ─ ↕≤♅ꜗⱠꜟ ─  

 

 

3.3. 8  I D- VD ─◦Ⱶꜙ꜠כ◦ꜛfi  (LG=4 ɡm, TG=0.2 ɡm) 

3.3. ♩כ◕─ 3  (LG=4 ɡm, VD=10 V) 

 

 

3.3. ♩כ◕  9 ≤ ─  
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( 4)  ─◦Ⱶꜙ꜠כ◦ꜛfi  

3. 3.10 ♩כ◕⌐ ─ ↕(TG)╩ ↕∑√≤⅝─ (I D- VG) ─◦Ⱶꜙ꜠כ◦ꜛfi

╩ ∆⁹╕√⁸ 3.3. 4⌐ ─⇔⅝™ (Vth ) VG=0 V─≤⅝─♪꜠▬fi (I DSS)⅔╟

┘ ◖fi♄◒♃fi☻(gm0)⁸I D- VD ⅛╠ ╘√ (r d0) (µ)╩ ∆ TG╩

↕∑╢↓≤≢ Vth ╩ ≡⅔╡⁸TG─ ⌐ ™ Vth │ ─ ⌐◦ⱨ♩∆╢⁹↓↓≢⁸

Vth │(I D)1/2 - VG ─ ≤ VG ≤─ ≤⇔≡ ⇔≡™╢⁹╕√⁸TG─ ⌐ ℮ Vth ─◦

ⱨ♩⌐≈™≡♦Ᵽ▬☻ ╩ ↑≡ ╩ ℮⁹JFET─ Vth│ ≢ ⅎ╠╣╢⁹ 

6  6      ( 2)  

↓↓≢⁸Vbi │ⱦꜟ♩▬fiⱳ♥fi◦ꜗꜟ⁸ND│♪כⱧfi◓ ⁸q │ ⁸ɚs│ SiC─

⁸Wch│♅ꜗⱠꜟ ≢№╢⁹ ( 2)╟╡⁸Vth │ Wch─ ≢ ∆╢⁹∕─√╘⁸ ⇔√

≢│ TG╩ ⅝ↄ∆╢↓≤≢Wch│ ↕ↄ⌂╢√╘⁸Vth│ ─ ⌐◦ⱨ♩⇔√≤ ⅎ╠╣╢⁹ 

3. 3.11 ⌐ TG=0.2 ɡm─ ⌐⅔™≡ LG╩ ↕∑√≤⅝─ I D- VG ─◦Ⱶꜙ꜠כ◦ꜛfi

╩ ∆⁹╕√⁸ 3. 3.5 ⌐ ─Ɽꜝⱷכ♃╩ ∆⁹LG⅜ ↄ⌂╢⌐≈╣≡ gm0⅔╟┘ I DSS

│ ∆╢⁹↓╣│⁸♅ꜗⱠꜟ ─ │ ─ ↕(LG)≤ ⌐№╢⅛╠≢№╢⁹∕

─√╘ ╟╡ ⅝⌂ ╩ √™ ⁸ ⌂ ╡ LG│ ™ ⅜ ╕⇔™⁹⇔⅛⇔⁸LG⅜ ↄ

♩כ◕≡╣≈⌐╢⌂ ─◖fi♃◒♩ⱱכꜟ─ ⅜ ⌐⌂╢√╘⁸ ⌐ⱪ꜡☿☻╩ ⇔≡

⅛ ∆╢ ⅜№╢⁹ 

3. 3.12 ⅔╟┘ 3. 3.6 ⌐ Vth─ LG ╩ ∆⁹LG⅜ ↄ⌂╢⌐≈╣≡ Vth│ ∆╢ ↓

╣│ FET ─♦Ᵽ▬☻ ─ ≢№╢⁹ ⌐♅ꜗⱠꜟ ─ ♩כ◕│ ⌐╟∫≡

↕╣╢⅜⁸LG⅜ ↄ⌂╢⌐≈╣≡♪꜠▬fiכ♁ה☻ ─ ─ ╩ ≢⅝⌂ↄ⌂╢⁹

─ Vth─◦ⱨ♩│ ♪꜠▬fiכ♁ה☻ ─ ─ ∞≤ ⅎ╠╣╢⁹ 

 

3.3. 10  I D- VG ─◦Ⱶꜙ꜠כ◦ꜛfi  (LG=4 ɡm, VD=10 V) 
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3.3. 4 ─Ɽꜝⱷכ♃ (LG=4 ɡm, VD=10 V) 

 

 

3.3. 11  I D- VG ♩כ◕─  (TG=0.2 ɡm) 

3.3. 5 ─Ɽꜝⱷכ♃ (TG=0.2 ɡm) 
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3.3. 12  ⇔⅝™ ♩כ◕─  

3.3. 6 ─⇔⅝™  [ V]  
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 ( 5)   

SiC ♩כ◕ JFET─ ⌐ ↑≡ ⇔√꜠♅◒ꜟ╩ 3.3.13 ⌐ ∆⁹꜠♅◒ꜟ ⌐│

₈ᵑ▪ꜝ▬ⱷfi♩ⱴכ◒ ᵒ♪꜠▬fi♁כ☻ n+▬○fi ᵓ♩꜠fi♅ ᵔ◕כ♩ p+▬○

fi ᵕ ᵖ◖fi♃◒♩ⱱכꜟ ᵗⱷ♃ꜟ◄♇♅fi◓ ᵘPAD ₉≤™∫√Ɽ

╩fiכ♃ ⇔√⁹ ─ ≤⇔≡꜠♅◒ꜟ╩⁸AutoCAD╩ ™≡ כ♪√╕⁹√⇔

Ⱨfi◓╛ │ TCAD◦Ⱶꜙ꜠כ◦ꜛfi╩ ™√⁹ ≢│ 3.3.13 ─꜠♅◒ꜟ╩ ™≡

╩ ∫√⁹ 

⌐⅔™≡ ⇔√ ─ ╩ 3.3.14 ⌐ ∆⁹n 4H SiC Ⱨfiכ♪⌐

◓ ND=6×1016 cm- 3⁸ ↕ 5 ɡm─ n ◄Ⱨ♃◐◦ꜗꜟ ╩ ∫√►▼Ɫ╩ ⇔√⁹

3.3.15 ⌐⁸ ⌐⅔↑╢ ─ⱪ꜡☿☻ⱨ꜡כ╩ ∆⁹p+ⱬכ☻╩▪ꜟⱵ♬►ⱶ(Al) ─▬

○fi ⌐╟╡ ⇔⁸SiC ◄♇♅fi◓╩ ℮↓≤≢ ─♅ꜗⱠꜟ ╩ ⇔√⁹╕

√⁸n+♁כ☻/♪꜠▬fi ╩ (N)─▬○fi ⌐╟╡ ⇔√⁹p+◕כ♩ ⌐⅔™≡│⁸

♩꜠fi♅ ╩ ⌐ Al ▬○fi ⅔╟┘ Al ╘▬○fi ⌐╟∫≡ ⇔√⁹╕√⁸

♩כ◕ ↕ │ 3 ≤⇔√( 3.3.16⁸ 3.3.1 7 3.3.7 )⁹∕─ ⁸ ─ ╩ SiC♪

ꜝ▬◄♇♅fi◓⌐╟∫≡ ╢↓≤≢ ╩ ∫√⁹ ⌐⁸►▼Ɫ Ⱳfiכ◌⌐ ╩ ⇔⁸

Ar ≢ 1650ϴ⁸10 ─ ╩ꜟכ♬▪ ꜟכ♬▪⁹√∫ Ⱳfiכ◌│ ╩ ™⁸

ⱨ▫כꜟ♪ ╩ ⇔√⁹ ♩כ◕/fi▬꜠♪/☻כ♁⁸⌐ ⌐◖fi♃◒♩ⱱכꜟ╩ ⇔⁸

(Al/Ni) ╩ ∫√⁹∕─ ⌐ⱷ♃ꜟ◄♇♅fi◓⌐╟∫≡◖fi♃◒♩ⱷ♃ꜟ╩ ⇔⁸ⱷ

Ar)ꜟכ♬▪ꜟ♃ ⁸860ϴ⁸2 ◒♇Ⱶכ○≡∫╟⌐( ╩ ⇔√⁹ ⌐ⱷ♃ꜟ☻

Ɽ♇♃(Al) ⅔╟┘ⱷ♃ꜟ◄♇♅fi◓╩ ♩כ◕/fi▬꜠♪/☻כ♁⁸≢≥↓℮ ─ PAD ╩

⇔√⁹ ─ ⱪ꜡☿☻╩ ⇔≡⁸SiC ♩כ◕ JFET╩ ⇔√⁹ 

 

3.3. 13 ꜠♅◒ꜟ─  



 

 

3. 3- 12 

 

 

 

(a)  SiC ♩כ◕ JFET─  

 

(b) ♩꜠fi♅  (A- Aΐ )  

3.3. 14 ≢ ⇔√ SiC ♩כ◕ JFET 

 

3.3. 15  SiC ♩כ◕ JFET─ ⱪ꜡☿☻ⱨ꜡כ 

╖─ │ ─ ⅛╠ ≢⅝╕∑╪⁹ 



 

 

3. 3- 13 

 

 

 

3.3. ♩כ◕ 16 ─ Al ▬○fi  

 

3.3. ♩כ◕ 17 ─ Al ▬○fi  

3.3. 7 Al ▬○fi ⌐⅔↑╢ Al ▬fiⱪꜝ  

 



 

 

3. 3- 14 

 

≢ ⇔√ ─►▼Ɫ ╩ 3.3.18 ⌐ ∆⁹╕√⁸ 3.3.19 ⌐►▼Ɫ ꜠▬▪►

♩╩ ∆⁹4inch SiC ►▼Ɫ ⌐ 4.2 mm×7 mm─♅♇ⱪ╩ ⇔⁸ ≢│►▼Ɫ ─

╩ Al ▬fiⱪꜝ ᵑ⁸►▼Ɫ ─ ╩ Al ▬fiⱪꜝ ᵒ≤⇔√⁹ 3.3.20 ⌐

─ ⁸ 3.3.21 ⌐ ─ SEM ╩∕╣∙╣ ∆⁹♪꜠▬fiכ♁ה☻ ⌐ PAD

╩ ♅fi꜠♩│≡™⅔⌐♩כ◕⁸⇔ ⌐ ─ ╩ ♩כ◕⁸╡ ⌐ PAD ╩ ╢

↓≤≢ⱴ♬ꜙ▪ꜟⱪ꜡כⱣ─ ╩ ≤∆☻Ɑכ☻╩ ⇔√⁹ 3.3.22 ⌐♅♇ⱪ ꜠▬▪►♩

╩ ∆⁹ ≢│ 4.2 mm×7 mm─♅♇ⱪ ⌐ ╩ 40 ⁸ ╩ 20

⇔√( 3.3.23 )⁹↓↓≢⁸ ♩כ◕─ │ 1 ɡm 4 ɡm⁸♅ꜗⱠꜟ │ 1 82

≤⇔√⁹╕√⁸ ♩כ◕─ │ 2 ɡm 3 ɡm ♅ꜗⱠꜟ │ 1 82 ≢№╢⁹

♩כ◕⁸⌐℮╟─ ⅔╟┘♅ꜗⱠꜟ ⅜ ⌂╢ ╩ ⇔⁸ Ɽꜝⱷכ♃▪♫ꜝ▬◙╩

™≡ ─ ╩ ∫√⁹ 

 

 

3.3. 18 ─►▼Ɫ  

 

3.3. 19 ►▼Ɫ ꜠▬▪►♩ 



 

 

3. 3- 15 

 

 

 

  

 

3.3. 20 JFET─  

 

3.3. 21 JFET─ SEM  



 

 

3. 3- 16 

 

 

 

3.3. 22 ♅♇ⱪ ─꜠▬▪►♩ 

 

3.3. 23 ♅♇ⱪ ⌐⅔↑╢ JFET─  



 

 

3. 3- 17 

 

 ( 5)   

⇔√ SiC ♩כ◕ JFET(Al▬fiⱪꜝ ᵑ)─ ─ ╩ ⌐ ∆⁹SiC

♩כ◕ JFET─ │ Ɽꜝⱷכ♃▪♫ꜝ▬◙(HP4156C, Agilent )≢ ⇔√⁹

3.3.24 ⌐ ⌐ ™√ⱴ♬ꜙ▪ꜟⱪ꜡כⱣ ╩ ∆⁹ ─ ⅜ 6 №╡⁸∕╣∙╣─

╩♪꜠▬fi/♁כ◕/☻כ♩/GND⌐ ≤⇔⁸ ╩ ⅎ╢↓≤≢ ╩ ⇔√( 3.3.25 )⁹ 

♩כ◕ (LG)3 ɡm ♅ꜗⱠꜟ 82 ─ ⌐⅔↑╢ ╩ 3.3.26 ⌐ ∆⁹ ⅔

╟┘ ⅜ ╠╣≡™╢↓≤⌐ ⅎ≡⁸◕כ♩ (VG)⌐╟∫≡♪꜠▬fi (I D)╩

≡™╢√╘ FET≤⇔≡─ ⅜ ╠╣≡™╢⁹ ≢⁸VG=2 V─ ⌐⅔™≡│ VD=0 V─

◒כꜞ⌐ ⅜ ∂≡™╢↓≤⅜ ≢⅝╢⁹↓─╟℮⌂ │ Al ▬fiⱪꜝ ᵑ─ ♩כ◕

─ ⌐ ◒כꜞ⁸≢↓⧵⁹√╣↕ ─ ╩ ∆╢√╘⌐⁸♪꜠▬fiכ♁ה☻

╩ 0 V ⌐ ⌐♩כ◕⁸⇔ ╩ ⅎ╢↓≤≢♅ꜗⱠꜟ ─ pn ─ ╩ ⇔√⁹

3.3.27 ⌐ Al ▬fiⱪꜝ ᵑ≤ᵒ─ ─ I G- VG ╩ ∆⁹Al ▬fiⱪꜝ ᵒ─ ♩כ◕│

⅜ 2.3 V─ ⌐ ⅜ ∟ ⅜╢─⌐ ⇔≡⁸Al ▬fiⱪꜝ ᵑ─ │ 1 V ≢ ⅜

∟ ⅜╢⁹↓─╟℮⌐⁸ᵑ─ │ ⅜ 1 V ≢№╢√╘⁸♅ꜗⱠꜟ ⅜◦ꜛ♇♩◐

כ ⌐⌂∫≡™╢≤ ⅎ╠╣╢⁹ 

3.3.28 ⌐ⱨ▫כꜟ♪ ⅛╠◖fi♃◒♩ⱱכꜟ (2 )╕≢─ⱪ꜡☿☻╩ ∆⁹

⌂ⱪ꜡☿☻≢│⁸ⱨ▫כꜟ♪ ⌐ SiO2◄♇♅fi◓╩ ℮↓≤≢◖fi♃◒♩ⱱכꜟ

(CH)╩ ∆╢⁹ ≢│⁸ ♩כ◕⌐ ─ CH⅜ Ɽ♃כfi≢№╢√╘⁸SiO2◄♇♅fi

◓─ ≤⇔≡♪ꜝ▬╩ ⇔≡™╢⁹∕─√╘ SiO2╩ ╡⅝∫√ ⌐ SiC─○כⱣכ◄♇♅

fi◓⅜ ∂⁸♅ꜗⱠꜟ ─ p+ ⅜ ╠╣≡⇔╕∫√⁹╕√⁸ │ 1 ─ⱷ♃ꜟ RTA╩

∫√ ⌐⁸ ≡∫╟⌐ꜟכ♬▪ ⅜ ⇔≡⇔╕∫√√╘⁸ꜞ꞉כ◒─ ≤⇔≡☻◒ꜝ

Ᵽכ ╩ ⇔√( 3.3.29 )⁹ ╩ ⇔≡⁸ ⇔√ ╩ ∆╢↓≤│≢⅝√⅜⁸↓─

⌐ SiC╙ ⌐ ╠╣≡⇔╕∫√⁹⇔⅛⇔⁸↓─ ≢│ p ≤ n ⅜ ≤ ─◖fi♩ꜝ☻♩

≢│∫⅝╡≤ ≢⅝╢√╘⁸ ╠ↄ CH 2 ─ SiO2♪ꜝ▬◄♇♅fi◓─ ⌐♅ꜗⱠꜟ

─ p+ ⅜ ╡ ╠╣≡⇔╕∫√≤ ⅎ╠╣╢( 3.3.30 )⁹ ─╟℮⌐⁸Al ▬fiⱪꜝ ᵑ

─ ◒כꜞ─ ⌐ ⇔≡│⁸▬fiⱪꜝ ─ p+ ─ ↕⅜ 0.1 ɡm ≤ ™↓≤⌐

ⅎ≡⁸ ⱪ꜡☿☻╩ ⇔≡♅ꜗⱠꜟ ─ p+ ⅜ ╠╣√≤↓╤⌐ ⅜ ∆╢↓≤≢◦

כ◐♩♇ꜛ ⌐⌂∫√↓≤⅜ ∞≤ ⅎ╠╣╢⁹ 

LG=3 ɡm⁸♅ꜗⱠꜟ 1 82 ─ ⌐⅔↑╢ ╩ 3.3.31 ⌐ ∆⁹VG⌐╟∫≡ I D╩

≢⅝≡™╢↓≤⌐ ⅎ≡⁸♅ꜗⱠꜟ ─ ⌐ ™ I D╙ ⇔≡™╢↓≤⅜ ≢⅝╢⁹╕

√⁸ ─ Ɽꜝⱷכ♃╩ 3.3.8 ⌐ ∆⁹↓↓≢⁸⇔⅝™ Vth│(I D)1/2 - VG ─

≤ VG ≤─ ≤⇔≡ ⇔≡™╢⁹ 3.3.8 ╟╡⁸♅ꜗⱠꜟ 1 82 ─ ⌐⅔™≡ Vth

⌐ ⅝⌂ │ ╠╣⌂™⁹∕─√╘⁸Vth │ ⌐ ∟≈≈⁸♅ꜗⱠꜟ ⌐╟∫≡ ─

⅜ ≤™℮↓≤⅜ ↕╣√⁹ 

  



 

 

3. 3- 18 

 

 

 

3.3. 24 ⱴ♬ꜙ▪ꜟⱪ꜡כⱣ  

 

3.3. 25  (4 )  

 

3.3. 26 JFET─ I D- VD  (♅♇ⱪ 7- S, L G=3 ɡm, ♅ꜗⱠꜟ=82 )  



 

 

3. 3- 19 

 

 

 

3.3. 27 JFET─ IG- VG  

 

3.3. 28 ⱨ▫כꜟ♪ ⅛╠◖fi♃◒♩ⱱכꜟ ╕≢─ⱪ꜡☿☻ 



 

 

3. 3- 20 

 

  

 

(a) ♩כ◕  LG=3 ɡm, ♩꜠fi♅  

 

(b) ◕כ♩ LG=4 ɡm, ♩꜠fi♅  

3.3. 29 ☻◒ꜝⱩ ─►▼Ɫ  

╖─ │ ─ ⅛╠ ≢⅝╕∑╪⁹ 



 

 

3. 3- 21 

 

 

 

(a)  LG=4 ɡm, ♩꜠fi♅  

 

(b) LG=4 ɡm, ♩꜠fi♅  (Rotation=60°, Tilt=30 °)  

3.3. 30 ◖fi♃◒♩ⱱכꜟ 2 ─►▼Ɫ  

╖─ │ ─ ⅛╠ ≢⅝╕∑╪⁹ 



 

 

3. 3- 22 

 

 

  

 

(a)  ꜞ ♬▪ⱪ꜡♇♩ 

 

(b) ⱪ꜡♇♩ 

3.3. 31 JFET─ I D- VG (VD=10 V) 

3.3. 8 Ɽꜝⱷכ♃ (LG=3 ɡm, ♅ꜗⱠꜟ=1 82 )  

 



 

 

3. 3- 23 

 

⇔√ SiC ♩כ◕ JFET(Al▬fiⱪꜝ ᵒ)─ ─ ╩ ⌐ ∆⁹

3.3.32 3.3.35 ⅔╟┘ 3.3.9 3.3.12 ⌐ ♩כ◕ ─ ⌐⅔↑╢ ─

╩∕╣∙╣ ∆⁹I D- VD ⌐⅔™≡⁸ ⅔╟┘ ⅜ ≢⅝╢√╘⁸FET≤

⇔≡─ ⅜ ╠╣≡™╢⁹╕√⁸ 3.3.28 ╟╡ Al ▬fiⱪꜝ ᵒ─ │♅ꜗⱠꜟ ─

♩כ◕ p+ ⅜ ∫≡™╢√╘⁸ 3.3.31 (a)─╟℮⌐ VG=2V─ ◒כꜞ≡™⅔⌐ │ ╠╣

⌂™⁹∕─√╘⁸Al ▬fiⱪꜝ ᵒ─ │ Al ▬fiⱪꜝ ᵑ─ ≤ ⇔≡ ⌂ ⅜

╠╣≡™╢↓≤⅜ ≢⅝╢⁹ ⌐⁸I D- VG ─ ≢│⁸ ≡─ ♩כ◕≡™⅔⌐

⌐╟∫≡♪꜠▬fi ╩ ≢⅝≡™╢⁹↓↓≢⁸♪꜠▬fi │10 V≤⇔≡™╢⁹╕√⁸

LG=2 ɡm 4 ɡm─ ⌐⅔™≡⁸VG=- 3 V─ ◒כꜞ─ │♅ꜗⱠꜟ ⌐ ╠∏ 1×10- 11 A≢

№╡⁸⇔⅝™ ⌐ ⅝⌂ │ ╠╣⌂™⁹∕─√╘⁸3.3 ⌐ ♩כ◕⌐℮╟√⇔ ⅜

ↄ⌂╢⌐≈╣≡ ⅜ ⌐⌂╢⅜⁸ ─ ⅛╠ LG=2 ɡm╕≢│ ⇔√ ╩

≈ ╩ ∆╢↓≤│ ≤™℮↓≤⅜ ↕╣√⁹ 

3.3.36 ⌐ I D- VG ♩כ◕─ ╩ ♩כ◕⁹∆ ⅜ ↄ⌂╢⌐≈╣≡♪꜠▬fi ⅜

⇔≡™╢↓≤⅜ ≢⅝╢⁹↓╣│⁸♅ꜗⱠꜟ ─ ♩כ◕≥ │ ─ ⌐№╢

⅛╠≢№╢⁹ ⌐⁸ 3.3.37 ⌐⇔⅝™ ♩כ◕─ ╩ ♩כ◕⁹∆ ⅜ 4 ɡm─

│ Vth=- 1.14 V≢№╢─⌐ ♩כ◕⁸≡⇔ ⅜ 1 ɡm─ ≢│ Vth=- 2.43 V≢№╢√╘⁸⇔⅝

™ │ 1.29 V ⇔≡™╢⁹⇔⅝™ ─ ─ ≤⇔≡♪꜠▬fiכ♁ה☻ ─

─ ⅜ ⅎ╠╣╢⁹◕כ♩ ⅜ ⌐ ™ ⁸♅ꜗⱠꜟ ─ ♩כ◕│ ⌐╟∫≡

⌐ ♩כ◕⁸⅜╢╣↕ ⅜ ™ │♪꜠▬fiכ♁ה☻ ─ ─ ⅜ ≢⅝⌂ↄ

⌂╢√╘⁸ ─╟℮⌐⇔⅝™ ⅜ ⇔√≤ ⅎ╠╣╢⁹ 

3.3.38 ⌐Al▬fiⱪꜝ ᵑ⅔╟┘Al▬fiⱪꜝ ᵒ─ ─ I D- VG ─ ╩ ∆⁹

↓↓≢⁸♪꜠▬fi │ 10 V≤⇔√⁹ 3.3.19 ─╟℮⌐ Al ▬fiⱪꜝ ♩כ◕≡∫╟⌐ p+

─ ↕⅜ ⌂╢√╘⁸ ⌐╟∫≡♅ꜗⱠꜟ ⅜ ⌂╢⁹ 3.3.38 ╟╡⁸≥∟╠─ ⌐⅔

♩כ◕╙≡™ ⌐╟∫≡♪꜠▬fi ╩ ≢⅝≡™╢√╘⁸FET≤⇔≡─ ⅜ ╠╣≡™

╢⁹╕√ Al ▬fiⱪꜝ ᵑ─ │ Vth=- 4.01 V≢№╢─⌐ ⇔≡⁸Al ▬fiⱪꜝ ᵒ─

│ Vth=- 1.22 V≢№╢√╘⁸⇔⅝™ │ 2.79 V◦ⱨ♩⇔≡™╢⁹∕─√╘⁸◦Ⱶꜙ꜠כ◦ꜛ

fi ≤ ⌐⁸Al ▬fiⱪꜝ ⌐╟∫≡♅ꜗⱠꜟ ╩ ∆╢↓≤≢⁸⇔⅝™ ╩ ∆

╢↓≤⅜ ≤™℮↓≤⅜ ↕╣√⁹╕√ ─ ─ ╩ ⇔≡⁸ ⌂

♩כ◕ fi▬꜠♪ה ─♅ꜗⱠꜟ fi▬꜠♪ה ♩כ◕─ ™⅝⇔ה ─

♩כ◕ ™⅝⇔ה ─♅ꜗⱠꜟ ≤™∫√ ╩♃כ♦⌂₁ ╢↓≤⅜≢⅝√⁹ 

  



 

 

3. 3- 24 

 

 

 

(a) I D- VD  (♅ꜗⱠꜟ =82 )  

 

(b) I D- VG (ꜞ♬▪ⱪ꜡♇♩, V D=10 V) 

 

( c) I D- VG ( ⱪ꜡♇♩,VD=10 V) 

3.3. 32 ─ (LG=1 ɡm) 

3.3. 9 Ɽꜝⱷכ♃(LG=1 ɡm) 

 



 

 

3. 3- 25 

 

 

 

(a) I D- VD  (♅ꜗⱠꜟ =82 )  

 

(b) I D- VG (ꜞ♬▪ⱪ꜡♇♩, V D=10 V) 

 

( c) I D- VG ( ⱪ꜡♇♩,VD=10 V) 

3.3. 33 ─ (LG=2 ɡm) 

3.3. 10 Ɽꜝⱷכ♃(LG=2 ɡm) 

 



 

 

3. 3- 26 

 

 

 

(a) I D- VD  (♅ꜗⱠꜟ =82 )  

 

(b) I D- VG (ꜞ♬▪ⱪ꜡♇♩, V D=10 V) 

 

( c) I D- VG ( ⱪ꜡♇♩,VD=10 V) 

3.3. 34 ─ (LG=3 ɡm) 

3.3. 11 Ɽꜝⱷכ♃(LG=3 ɡm) 

 



 

 

3. 3- 27 

 

 

 

(a) I D- VD  (♅ꜗⱠꜟ =82 )  

 

(b) I D- VG (ꜞ♬▪ⱪ꜡♇♩, V D=10 V) 

 

( c) I D- VG ( ⱪ꜡♇♩,VD=10 V) 

3.3. 35 ─ (LG=4 ɡm) 

3.3. 12 Ɽꜝⱷכ♃(LG=4 ɡm) 

 



 

 

3. 3- 28 

 

 

 

(a) I D- VG (ꜞ♬▪ⱪ꜡♇♩)  

 

(b)  I D- VG ( ⱪ꜡♇♩)  

3.3. 36  I D- VG ♩כ◕─ (VD=10 V, ♅ꜗⱠꜟ =28 )  

 

3.3. 37  ⇔⅝™ ♩כ◕─ (VD=10 V, ♅ꜗⱠꜟ =28 )  

 

3.3. 38 I D- VG ─ (VD=10 V, L G=3 ɡm, ♅ꜗⱠꜟ =28 )  



 

 

3. 3- 29 

 

⇔√ JFET─ ─ ╩ ⌐ ∆⁹ │ Ɽꜝⱷ

HP4156C, Agilent)◙▬ꜝ♫▪♃כ )⌐ ≡∫╟⌐כꜝכ꜡♩fi◖♩כ⸗ꜞ─

≢כꜝכ꜡♩fi◖♩כ⸗ꜞ⁹√⇔ ╩ ⇔√ ⌐כꜝכ꜡♩fi◖♩כ⸗ꜞ⁸ ↕

╣╢ ≤ ╩ ↄ☻♥כ☺─ │ ⅛⌐ כ꜡♩fi◖♩כ⸗ꜞ⁸╘√─⧵⁹╢⌂

≢כꜝ ╩ ∫√ ⌐♦☺♃ꜟ ☺כ♥☻≢ ╩ ⇔⁸ ╩ ∫

√ ≢ ─ ╩ ⇔√⁹ 

3.3.39 ⌐ Al ▬fiⱪꜝ ᵒ─ ⌐⅔↑╢ I D- VD ─ ╩ ∆⁹

⌐ ™ ⅜ ⇔≡™╢↓≤⅜ ≢⅝╢⁹↓╣│ ♅ꜗⱠꜟ ─

─ ⅜ ≢№╢⁹4H- SiC─ µn│ ─ ≢ ⅎ╠╣╢⁹ 

   ʈ τ( 3É#ρρτπ
Ȣ

                        (3)  

 

( 3)╟╡⁸ µn│ ─ ⌐ ™ ∆╢↓≤⅜ ⅛╢⁹∕⇔≡⁸∕╣

⌐ ⇔≡♅ꜗⱠꜟ ─ │ ∆╢√╘ │ ⇔√≤ ⅎ╠╣╢⁹ 

3.3.40 ▬fiⱪꜝ ᵒ─ ⌐⅔↑╢ I D- VG ─ ╩ ∆⁹

3.3.40(b) ◒כꜞ⁸╡╟ ─ │ ╠╣⌂™⁹╕√⁸VG=- 6 V─ ≢│

◒כꜞ≡∫╟⌐ │ 2 ⇔⅛ ⇔⌂™⁹∕─√╘⁸300ϴ─ ⌐⅔™

≡╙ ™○fiה○ⱨ ╩ ⇔≡™╢↓≤⅛╠⁸250ϴ ≢ ≢⅝⌂ↄ⌂╢ Si ♦Ᵽ▬

☻≤ ⇔≡⁸ ╘≡ ™ ╩ ∫≡™╢≤ ⅎ╢⁹ 

3.3.13 ⌐ ↕╣╢ ╡⁸ ⌐ ™⁸⇔⅝™ │ ⇔≡™╢↓≤⅜

≢⅝╢⁹ ≢│- 1.05 V≢№╢─⌐ ⇔≡⁸300ϴ≢│- 2.46 V≢№╢√╘⁸ ─

⌐⅔™≡ 1.41 V ⇔√⁹↓↓≢⁸Vth⅜ ⇔√ ≤⇔≡│⁸

⌐╟∫≡ⱦꜟ♩▬fiⱳ♥fi◦ꜗꜟ(Vbi )⅜ ∆╢↓≤≢⁸JFET─ ⌐ ╩

⇔√ ⌐♪꜠▬fi ─ (WD)⅜ ∆╢⅛╠≢№╢⁹↓↓≢⁸JFET⌐⅔↑╢♪

꜠▬fi ─ (WD)⅔╟┘ⱦꜟ♩▬fiⱳ♥fi◦ꜗꜟ(Vbi )│⁸ ─ ≢ ⅎ╠╣╢⁹ 

        7 6 6 6              ( 4)  

             6 ÌÎ                       ( 5)  

↓↓≢ q ND כ♫♪ ɚS SiC─ ɚ0 ─ k Ⱳ

ꜟ♠ⱴfi T n p ⱱכꜟ ni ◐ꜗꜞ▪ ≢№╢⁹ 

↓↓≢ ◐ꜗꜞ▪ ni │ ─ ≢ ⅎ╠╣╢  

Îτ( 3É#ρȢχπρπ4ÅØÐ
Ȣ

          (6)  

( 6)╟╡⁸ ◐ꜗꜞ▪ │ ─ ⌐ ™ ⌐ ∆╢↓≤⅜ ≡

╣╢⁹⇔√⅜∫≡⁸ (5)╟╡ⱦꜟ♩▬fiⱳ♥fi◦ꜗꜟ│ ─ ⌐ ™ ∆╢⁹

╕√⁸ ( 4)╟╡⁸ⱦꜟ♩▬fiⱳ♥fi◦ꜗꜟ⅜ ∆╢≤♪꜠▬fi ─ WD│

↕ↄ⌂╢√╘⁸♅ꜗⱠꜟ╩ ≢ ← ♩כ◕⁸│ VG╩ ⌐ →⌂↑╣┌

⌂╠⌂™(VG<0 V)⁹ ─↓≤⅛╠⁸ ─ ⌐╟∫≡ⱦꜟ♩▬fiⱳ♥fi◦ꜗꜟ⅜
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⅜╢↓≤≢⁸Vth⅜ ⇔√≤ ⅎ╠╣╢⁹ 

 

 

 

 

3.3. 39  I D- VD ─ (VG=2 V, ♅♇ⱪ 8- D, L G=3 ɡm, ♅ꜗⱠꜟ=28 )  

 

(a) ꜞ♬▪ⱪ꜡♇♩ 

 

( b) ⱪ꜡♇♩ 

3.3. 40 I D- VG ─ (VD=10 V,♅♇ⱪ 8- D, L G=3 ɡm, ♅ꜗⱠꜟ=28 )  
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 ╕√⁸ ⇔√ SiC- JFET ⌐ ╩ ⇔⁸ ─ ╩ ⇔√⁹ 3.3.41 ⌐

∆ ╡⁸ 5.2MGy╕≢─ ⌐⅔™≡ ─ ⅜ ↕ↄ⁸⇔⅝™ ─ ⅜ 0.2V

≢№╢↓≤⅜ ↕╣⁸SiC- JFET─ ⅜ ™↓≤⅜ ↕╣√⁹ 

 

 

3.3.4 1 SiC- JFET─ ⌐⅔↑╢  

  

3.3. 13 ─ Ɽꜝⱷכ♃ (♅♇ⱪ 8- D, L G=3 ɡm, ♅ꜗⱠꜟ=28 )  
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3.3. 3 ○fi►▼Ɫ IC ₒR3- R4x  

ₒ 3 ─ ₓ 

3 ⌐│ ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡ ∆╢ ⅔╟┘ ─ ╩

⇔√⁹ 2 ⌐ ⇔√ FET─ ╩ ™⁸ ⌐ ∆╢ ◖fi♄◒♃fi☻

─Ᵽꜝ♠◐⅔╟┘ ╕╡╩ ⇔√⁹ⱪ꜡☿☻ ─ ╩ ⇔⁸∕─ ╩ⱪ꜡☿☻⌐ⱨ

≡⇔◒♇Ᵽ♪כ▫ ╕╡╩ ⇔√⁹ 

 

ₒ 4 ─ ₓ 

SiC FET╩ ™√ ⌐│ ⱡ▬☼ ⅜ ⌂ ╛○Ɑ▪fiⱪ

⅜ ≢№╢⁹SiC│ n ─ ⅜ ↄ⁸n FET│↓╣╕≢Ɽ꞉כ♦Ᵽ▬☻ ╩ ≤

⇔≡ ↄ─ ⅜№╢√╘⁸p ╩ ™∏⌐ n ─╖≢ ╩ ℮↓≤≢ ╕╡

─ ⅜ ≢№╢⁹⌂⅔⁸GaN⌐⅔™≡│ p ─ ⅜ ⇔™√╘⁸╛│╡ n ∞↑

≢─ ≤⌂∫≡™╢⁹ 3.3.42 ⌐ ⅜ ⌂ n- ch GaN FET╩ ™√○Ɑ▪fiⱪ─

╩ ∆[ 3]⁹ ╩ ╗♩ꜝfi☺☻♃ 7 ≤ ╢╟⌐♪כ○▬♄┘╟⅔⁸

≢№╢⁹╕√⁸ 3.3.43 ⌐│ E/D ─ GaN FET╩ ™√○Ɑ▪fiⱪ─ ╩ ∆[ 4]⁹↓∟╠│

E FET⅜ 6 ⁸D FET⅜ 11 ⅛╠⌂╢○Ɑ▪fiⱪ≢№╡⁸™∏╣╙ ⱨ☻כ♁⌐

◊꜡▪╩ ╖ ╪∞ ≤⌂∫≡™╢⁹ 

 

3.3.42  ⌂ GaN○Ɑ▪fiⱪ─ [ 3]  
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3.3.43   E/D ─ GaN♩ꜝfi☺☻♃╩ ⇔√○Ɑ▪fiⱪ─ [4]  

 

≢│ SiC FET ─ ⅔╟┘ ⁸⸗♦ꜞfi◓⁸ ≤

─ ⌐≈™≡ ≤ ⁸ ╩ ∫√⁹ 

ⱡכⱴꜞ○fi D FET─ ≤ ⅛╠ ⇔√ SPICE⸗♦ꜟ─ ╩

3.3.44 ⌐ ∆⁹⸗♦ꜟ⌐ ™√Ɽꜝⱷכ♃│ ≢№╢⁹ 

.MODEL SiC_YT01 NJF(VTO=- 3.15 BETA=0.043m BETATCE=- 0.5 LAMBDA=1.414E- 2 RD=7.77648 

RS=7.77648 CGS=2.00000p CGD=2.20000p PB=3.04 IS=1.375e- 48 XTI=3 AF=1 FC=0.5 N=1 NR=2 

MFG=AIST) 

⇔⅝™ ╛ ◖fi♄◒♃fi☻⁸ ─ VTO⁸BETA⁸LAMBDA│ ⅛╠─ⱨ▫♇♥▫fi

◓≢ ╘⁸ ≢№╢ CGS, CGD│◕כ♩─ pn ╩ ⸗♦ꜟ≢ ⅝ ⅎ⁸

⅛╠ ⇔≡ ╘√⁹╕√ ─ pn ⌐⅔↑╢ ╛ ≢№╢ PB⁸IS │

⌐⅔↑╢ ╟╡ ╘√⁹ 

 



 

 

3. 3- 34 

 

 

 

 

 

3.3.44  ⇔√ D SiC- JFET─ ≤ SPICE⸗♦ꜟ 

 

 ⸗♦ꜟ ⌐ ⇔√ JFET╩ ™≡ SiC- JFET╩ 5 ⇔√ ╩◦Ⱶꜙ꜠כ◦ꜛfi⅔╟┘

○Ɑ▪fiⱪ≤⇔≡ ⇔√⁹ 3.3.45 ⌐ SiC♅♇ⱪ─ ≤♅♇ⱪ╩ ⇔√ ╩

∆⁹↓↓≢│ │ ╖ ╩ ™∏⌐ ╩ ™√⁹╕√ 3.3.46 ⌐ LTSPICE⌐

╟╢◦Ⱶꜙ꜠כ◦ꜛfi ╩ ∆⁹╕√⁸ 3.3.47 ⌐ ─ ─ ╩ ∆⁹

⅛╠ ◕▬fi│ 5 ≢№╡⁸╒╓◦Ⱶꜙ꜠כ◦ꜛfi ╡─ ⅜ ╠╣≡™╢⁹╕√⁸

─ ╩ ↕∑≡ ╩ ⇔⁸ ╩ √⁹◦Ⱶꜙ꜠כ◦ꜛfi╟╡

≢ ─ ⅜ ↓∫≡™╢⅜⁸ ─ ─ ⌐╟╢╙─≤ ⅎ╠╣╢⁹ 

 

  



 

 

3. 3- 35 

 

 

3.3.45  n SiC- JFET╩ 5 ╖ ╪∞ SiC♅♇ⱪ≤  

 

 

3.3.46  ─◦Ⱶꜙ꜠כ◦ꜛfi  
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3.3.47  ─ ─  

 

 ╕√⁸ ╩ ⌐ ⇔ ◕▬fi─ ⅜ ⅛╩ ⇔√⁹ ≤⇔≡⁸▪◒♥▫Ⱪ

⌐│ n JFET─╖╩ ™╢↓≤⁸♅♇ⱪ ─ ─√╘◌♇ⱪꜞfi◓◖fi♦fi◘│ ™

∏⌐꜠ⱬꜟ◦ⱨ♩↕∑╢↓≤⁸≤⇔ ≢─ ╩ ╖√⁹ 3.3.48 ⌐ ≢─

⅔╟┘◦Ⱶꜙ꜠כ◦ꜛfi ╩ ∆⁹ 
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3.3.48  SiC- JFET ⌐╟╢ ≤◦Ⱶꜙ꜠כ◦ꜛfi  

  

╖─ │ ─ ⅛╠ ≢⅝╕∑╪⁹ 
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╕√⁸↓─ ╩ ™√ ╩ 3.3.49 ⌐ ∆⁹ 

 

 

3.3.49  SiC- JFET╩ ™√ ⌐╟╢  

≤⇔≡ 1µA×500nsec=5×10- 13C╩  

 

 ╕√⁸SiC- JFET─ ╩ ∆╢√╘⁸ ─ Ciss ╩ ⇔√⁹ ─

⁸ ⌐ f T ☻כ♁ה♩כ◕│ Cgs≤ ◖fi♄◒♃fi☻ gm

╩ ™≡ ─ ≢ ╕╢⁹ 

Ὢ
Ὣ

ς“ὅ
 

 ⌂⅔⁸ ⌐ Cp⅜ ↕╣√ │⁸ 

╖─ │ ─ ⅛╠ ≢⅝╕∑╪⁹ 
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Ὢ
Ὣ

ς“ὅ ὅ
 

 ≢ ↕╣╢⁹Ciss ♩כ◕ה☻כ♁│ ─ Cgs⌐ ⅎ≡◕ה♩כ♪꜠▬fi ⅜ ↕

╣√ ≢№╡⁸↕╠⌐ ╙ ⌐ ╕╣╢√╘⁸Ciss╩ ™√ ⅜ ╙▪fi♄כ◄

☻♥▫ⱷ▬♩≢№╡⁸↓╣ ─ ⅜ ↕╣╢≤™ⅎ╢⁹ 

 ⇔√ ─ ╩ 3.3.50 ⌐ ♩כ◕⁹∆ │ 18⁸72⁸216µm≤⇔⁸

╩(1)♩꜠fi♅ ⁸(2)Al ▬○fi ⌐╟╢ ─ 2≈≤⇔≡ ⇔√⁹ 

 

3.3.50 ה  ⇔√ JFET─  

 

 ⇔√ SiC- JFET─ ╩ 3.3.51 ⌐ ∆⁹ 


