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5   

5.1  

 │☻♥fi꜠☻ ≢ 1m⁸ ↕ 1.2m─ ≢№╢⁹ ─ ╩

5.1⌐ ∆⁹↓─ ⌐ ↕╣≡™╢ ECRⱪꜝ☼ⱴ ≢◐☿ⱡfiⱪꜝ☼ⱴ╩

⇔ LEO─ⱪꜝ☼ⱴ ╩ ∆╢↓≤⅜≢⅝╢⁹ ╩ 5.1⌐ ∆⁹ 

 

5.1 LEO♅ꜗfiⱣכ 

Figure 5.1 LEO chamber 

 

5.1 ─  

Table 5.1 Environment of discharge test 

 ⱪꜝ☼ⱴ   

1×10
-3
[Pa] 1.3×10

12
[m

-3
] 1.0[eV] 

 

5.2  

 ⁸300V ╩ ⇔√ ╩ ℮ ⌐⁸ ≢ ╦╣╢ ⌐⅔

™≡ ╛ ⌂≥ ⌂ ⅜ ⅛∫√√╘⁸∕╣╠╩ ╠⅛⌐∆╢√╘

⌐ ╩ ∫√⁹( ᵒ╕≢│ ─ ╩ ≢ ™⁸

╕√ IV ╩ ℮↓≤╩ ≤⇔≡ ╩ ∫≡™╢) 

 

(a) ᵑ 

ᵑ≢│ 5.2─╟℮⌂ ╩ⱳfiכ◒ ⇔≡⁸ 5.3─╟℮⌂ ≢

╩ ∫√⁹√∞⇔⁸ │ ≢ ╦╣╢ ╩ ∆╢√╘⌐

♩ꜝfi☻≢ ⅛⇔≡™╢⁹ ─ │DC ☿fi◘╩ ⇔≡™╢⁹ 
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◖꜠◒♃ ⱳfiכ◒   

 

 ⱳfiכ◒ 5.2

Figure 5.2 Simulation coupon 

 

 

5.3 ( ᵑ) 

Figure 5.3 Test circuit (Discharge pre-test 1) 
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 ╩ ∫√≤↓╤ ◖꜠◒♃ ≢ ⅜ ⇔√ │⁸ ⅜ ↕╣

√⅜⁸ ◖꜠◒♃≢ ⅜ ↕╣≡™╢─⌐ ⅜ ↕╣⌂™↓≤⅜ ₁

╠╣√√╘⁸ 5.4─╟℮⌐ ─Ⱨכ◒ ╩╟╡ ⅝ↄ∆╢√╘⌐

╩ →⁸ ⱪ꜡כⱩ─♩ꜞ●꜠ⱬꜟ╩ →≡ ╩ ⇔√⁹ 

 

5.4 ─ ( ᵑ) 

Figure 5.4 Re-test circuit (Discharge pre-test 1) 

 

5.4─╟℮⌐ ≤ ╩ ⇔√≤↓╤⁸ ⅜ ⇔√ ⅜ ◖꜠◒♃

⌐ ↄ⌂↑╣┌ ╩ ∆╢↓≤⅜≢⅝⌂™( 5.5)⁸≤™℮ ⅜ ╠╣√(◒

≥ⱳfiכ ◖꜠◒♃ ⅜ 1cm ≢⌂™≤ │ ↕╣⌂™)⁹♩ꜞ●꜠ⱬꜟ

│0.1 0.5A⌐ ≥ⱳfiכ◒⁸≢─√⇔ ◖꜠◒♃ ─ ⅜1cm ─≤⅝∕╣

─ ⇔⅛ ╣≡™⌂™≤ ⅎ╠╣╢⁹╟∫≡⁸TJ▪꜠▬─ ╪ ( ⅎ┌⁸▬

fi♃כ◖Ⱡ◒♃ )≢ ⅜ ⇔≡╙ ∆╢↓≤⅜≢⅝⌂™≤ ⅎ╠╣╢⁹

╕√⁸ ≤⇔≡│⁸ ⌐ⱳfiכ◒⌐ ╙ ™ ◖꜠◒♃⌐◖fi♦fi◘⌐ ↕

╣√ ⅜ ╣ ╗≤™℮ ⌐⌂∫√⁹ 
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5.5 ( ᵑ) 

Figure 5.5 Test results (Discharge pre-test 1) 

 

(b) ᵒ 

ᵒ≢│ ᵑ─ ≤ ⌂ ╩ⱳfiכ◒≢ ⌐

⇔≡ ⌂ ⌐⌂╢⅛ ╩ ∫√⁹ ≢│ 5.6─╟℮⌂ ⱳfiכ◒

╩ ⇔≡⁸ 5.7─╟℮⌂ ≢ ╩ ∫√⁹ ─ │DC ☿fi◘

╩ ⇔≡™╢⁹ 

 

)ⱳfiכ◒ 5.6 ᵒ) 

Figure 5.6 Solar cell coupon (Discharge pre-test 2) 
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5.7 ( ᵒ) 

Figure 5.7 Test circuit (Discharge pre-test 2) 

 

≤⇔≡│ ᵑ≤╒╓ ⌂ ⅜ ╠╣⁸ ◖꜠◒♃ ≢ ⅜

⇔⌂↑╣┌ ⅝⌂ │ ≢⅝⌂⅛∫√( 5.8)⁹ ◖꜠◒♃⅛╠ ™ ≢

⅜ ⇔√ ─ ─Ⱨכ◒ │ ≢0.1A ≢№∫√⁹0.1A─ ╩ ⇔╟

℮≤∆╢≤ ∫≡ⱡ▬☼╩ ⇔≡⇔╕℮ ╣⅜№╡⁸╕√ ─ ⌐╟╢

≢ ⌂◄Ⱡꜟ◑כ╩ ⌐ ⅎ╢↓≤⅜≢⅝⌂™√╘ ⅝⌂ ─

⅜№∫√⁹↓╣≤ ⌐ IV ⌐╟╡TJ▪꜠▬⅜Ᵽ▬▪☻↕╣≡⇔╕℮≤™℮

⅜ ⇔√⁹ 

─ ╩ ⇔≡⁸ ─ ⌐╟╢ ╩Ⱶ♇◦ꜛfi⅛╠ ⇔⁸

─ ╩ ─ ⌐ ∆╢↓≤⌐⇔√⁹ 
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5.8 ( ᵒ) 

Figure 5.8 Test results (Discharge pre-test 2) 

 

(c) ᵓ 

ᵒ⌐⅔™≡ ─ ╩⸗♬♃ꜞfi◓∆╢↓≤⌐╟╢ │

⇔™≤™℮ ⅛╠ ᵓ⌐⅔™≡│ ◄Ⱡꜟ◑כ╩ ∆╢◖fi♦fi◘

─ ╩≢⅝╢∞↑ ↕ↄ ⇔⁸◖fi♦fi◘─ ─ ╩⸗♬♃ꜞfi◓∆╢↓

≤≢ ╩ ℮↓≤⌐⇔√⁹ 5.9⌐ ─300V ─ ╩ ∆⁹ 
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5.9 ─300V  

Figure 5.9 Electronic circuit of 300V system before/after re-design 

 

 ≢ ⇔√ ╩ 5.10⌐ ∆⁹╕√⁸ ◖꜠◒♃╩ ⇔≡™╢⁹

↓╣│ ─≥ⱳfiכ◒≥♃◒꜠◖ ╛ ◖꜠◒♃─ ─ ™≢◖fi♦fi◘─

⌐ ™⅜⌂™⅛ ╩∆╢√╘≢№╢⁹ ◖꜠◒♃─ ─≥ⱳfiכ◒╛ ╩

⇔√╙─╩ 5.2⌐ ∆⁹ 

 

5.10 ( ᵓ) 

Figure 5.10 Test circuit (Discharge pre-test 3) 
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5.2 ◖꜠◒♃─ ─╠⅛ⱳfiכ◒≥  

Table 5.2 Area of electron collector and distance from coupon 

 [cm
2
─≥ⱳfiכ◒ [ [cm] 

ᵑ  3x3 3 

ᵒ  3x3 8 

ᵓ  3x5 3 

ᵔ  3x5 7 

ᵕ  3x7 15 

 

5.11⌐ ⇔≡™╢╟℮⌐◖fi♦fi◘ ─ ⅜ ⌐╟∫≡┌╠≈⅝⅜

№╡⁸╕√◖fi♦fi◘ ─ ∆╢꜠ⱬꜟ⅜ⱡ▬☼⌐╟╢╙─≤ ≢№╢

⅜↓≤⅛╠ ⅜ ↑⌐ↄ™≤ ⅎ╠╣╢⁹↓╣│◖fi♦fi◘─ ╩ ↕ↄ⇔≡

╙ │⌂ↄ( ⌐│ ─ ⌐╟╢ ≢ ↕ↄ⇔≡╙ ⅜⌂™≤ ⅎ╠╣

╢)⁸ ◖꜠◒♃─ ╛ ─ⱳfiכ◒≥♃◒꜠◖ ⌐╟∫≡╙ ⇔⌂⅛∫√⁹

╟∫≡⁸◖fi♦fi◘ ─ ⌐╟╢ │ ⇔™≤ ⅎ╠╣╢⁹ 

 ⇔⅛⇔⁸ 5.11╟╡ ─ (◖fi♦fi◘ ─ ∆╢꜠ⱬꜟ)⌐╟╠∏⁸

∆╢ ⅜ ≢№╢↓≤⅜╦⅛╢⁹╟∫≡⁸ ─ ╣╢ ( ─ ∟

⅜╢ )╙ ─ ⌐╟╠∏ ≢№╢≤ ≢⅝╢⁹∕─√╘⁸ ≢Ɫ▬

▬Ⱨכ♄fi☻⌐⌂╢▬fi♄◒♃⌐╟∫≡ ∆╣┌ ™≤ ⅎ╠╣╢⁹ 

 

5.11 ◖fi♦fi◘  

Figure 5.11 Voltage waveform across capacitor 
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(d) ᵔ 

ᵓ⌐⅔™≡◖fi♦fi◘ ─ ╩⸗♬♃ꜞfi◓∆╢↓≤⌐╟╢

│ ⇔™≤™℮ ⅛╠⁸ ᵔ⌐⅔™≡│ ╩▬fi♄◒♃≢

∆╢↓≤≢ ╩ ℮↓≤⌐⇔√⁹ 5.12⌐ ─300V ─ ╩ ∆⁹

╕√⁸ ≢ ⇔√ ╩ 5.13⌐ ∆⁹ ⌐│100╕√│200mH─▬fi♄

◒♃╩ ⇔≡™╢⁹ 

 

5.12 ─300V  

Figure 5.12 Electronic circuit of 300V system after re-design 

 

 

5.13 ( ᵔ) 

Figure 5.13 Test circuit (Discharge pre-test 4) 
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5.14│L=100mH─≤⅝─▬fi♄◒♃ ( )≢№╢⁹ ⌐◖fi♦

fi◘ ╙ ⇔≡™╢⅜⁸◖fi♦fi◘ ─ ─ ∆╢ ⅝↕⌐ ⌂ↄ

⌐ ╩ ≢⅝≡™╢↓≤⅜╦⅛╢⁹√∞⇔⁸ ⇔≡™╢ ─

♩ꜞ●꜠ⱬꜟ│2.5V≢№╢─≢⁸2.5V ─╙─⅜ ≤⇔≡╖⌂↕╣╢⁹L=100mH≢

│ ─ ╡ ⇔⅜№╢≤ ⅎ⁸200mH≢╙ ╩ ∫√⅜⁸ ⅜ ⇔√⁹

≈╕╡⁸L=100mH≢│ ╡ ⇔⅜№∫√≤ ⅎ╠╣╢⁹↕╠⌐▬fi♄◒♃╩ ⅝ↄ∆╢

≤ ⅜ ∆╢↓≤⅜ ↕╣╢⅜200mH≢ ⌐ ⅜1 √╡

⅝≡™╢⁹ ⇔≡™╢ ─◘fiⱪꜞfi◓│1 ⌐1 ≢№╢─≢

≡─ ╩ ∆╢↓≤│ ≢№╢≤™℮ ⌐ ∫√⁹√∞⇔⁸ ─ │

⅛╘╢↓≤⅜≢⅝╢─≢ │ ≢№╢⁹ 

≡─ ╩ ∆╢ ⅜⌂↑╣┌⁸ ⌐╟╢ ≢╙⁸◖fi♦fi◘

─ ⌐╟╢ ≢╙⁸▬fi♄◒♃⌐╟╢ ─™∏╣≢╙ ™≤ ⅎ╠╣╢

⅜⁸ ─╟℮⌐ ⌐╟╢ ≤◖fi♦fi◘ ─ ⌐╟╢ ⌐│

⅜№╢√╘▬fi♄◒♃⌐╟╢ ⌐ ∆╢↓≤⌐ ⇔√⁹ 

 

ₒ ₓ 

ה ⌐╟╢ ⌐⅔™≡│⁸№╢ ⅝⌂ ⅜ ≤⌂╡ ◄Ⱡꜟ◑כ╩

╘╢◖fi♦fi◘─ ╩ ⅝ↄ∆╢ ⅜№╢⁹◖fi♦fi◘─ ╩ ⅝ↄ∆╢≤

ⱡ▬☼⅜ ⅝⌂∫≡⇔╕™Ᵽ☻ ╛300V CPU⌐ ⅎ╢ ⅜ ⅝™⁹╕√⁸

⅜ ⇔≡╙ ╩ ≢⅝╢∞↑─ ⅜◖fi♦fi◘⅛╠ ↑⌂™ №╢⁹ 

◘fi♦fi◖ה ─ ⌐╟╢ │ ⅝⌂ ⅜ ≢№╢⁹ 
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5.14 ▬fi♄◒♃ (L=100mH⁸ ᵔ) 

Figure 5.14 Voltage waveform across inductor (L=100mH, Discharge pre-test 4) 
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(e) ᵕ 

▬fi♄◒♃⌐╟╢ ⌐⅔™≡│⁸ ─ ≢╙▬fi♄◒♃ ⅜

─♩ꜞ●꜠ⱬꜟ2.5V╩ ⅎ≡⇔╕℮ ⅜№╢⁹ ᵕ≢│◒כⱳ

fi╩2≈ ⇔⁸ ⌐ⱳfiכ◒─ ↕╣≡™╢▬fi♄◒♃ ─ ╩ ⇔

≢ ⅜ ⇔√ ⁸╙℮ ≢╙▬fi♄◒♃⌐ ⅜ ↕╣⌂™⅛ ╩ ∫

√⁹ ≢ ⇔√ ╩ 5.15⌐ ∆⁹ 

 

5.15 ( ᵕ) 

Figure 5.15 Test circuit (Discharge pre-test 5) 

 

5.16─ │Coupon1⌐ ↕╣≡™╢▬fi♄◒♃─ ≢№╡⁸↓─◓ꜝⱨ

⅛╠Coupon1≢ ⅜ ⇔≡⅔╡⁸╕√Coupon2⌐╙ ⅜ ╣≡▬fi♄◒♃⌐

⅜ ⇔√≤ ⅎ╠╣╢⁹╕√⁸ ─╟℮⌐Coupon2≢ ⅜ ⇔√ ⌐

╙⁸Coupon1⌐ ↕╣√▬fi♄◒♃≢ ─♩ꜞ●꜠ⱬꜟ2.5V╩ ⅎ╢

⅜ ↕╣√⁹↓─ │⁸300V ≢ ⅜ ⇔√─⅛⁸TJ▪꜠▬≢

⅜ ⇔√─⅛ ╩∆╢↓≤⅜≢⅝⌂™√╘⁸TJ▪꜠▬≢─ ⅜≢⅝⌂

™↓≤╩ ⇔≡™╢⁹√∞⇔⁸300V ⌐⅔™≡ ⅜ ⇔⌂™╟℮⌐

⇔⁸ ≢TJ☿ꜟ╩Ᵽ▬▪☻∑∏⌐300V ⌐≡ ⅜ ⇔≡™⌂

™↓≤⅜ ↕╣╣┌⁸TJ▪꜠▬≢─ ╩ ℮↓≤⅜ ≤⌂╢⁹ 
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5.16 ▬fi♄◒♃ (L=100mH⁸ ᵔ) 

Figure 5.16 Voltage waveform across inductor (L=100mH, Discharge pre-test 4) 

 

 

(f) ᵖ 

ᵖ≢│TJ▪꜠▬╩Ᵽ▬▪☻∆╢√╘⌐ ™≡™╢ⱨ◊♩⸗☻─ ╩

℮ ╩ ∫√⁹ 

Ᵽ▬▪☻ ─ⱨ◊♩⸗☻│⁸OFF │ ─√╘⁸TJ▪꜠▬│Ᵽ▬▪☻↕╣⌂™

⅜⁸ ☻▬♇♅≢№╢√╘⌐ ≢│№╢⅜Ᵽ▬▪☻↕╣╢ ⅜№╢⁹∕─

√╘⁸OFF ⌐ ⅜ ⇔⌂™↓≤⁸ON ⌐ ⅜ ∆╢↓≤╩ ∆╢ ╩

∫√⁹ 

╕√⁸Ᵽ▬▪☻ ⱨ◊♩⸗☻─ │400V ≢№╢⁹ⱨ◊♩⸗☻⅜OFF ⌐│

TJ▪꜠▬│300V ⌐ ⇔≡ ™≡™╢ ⌂─≢⁸ ⅎ┌○כ꜡ꜝ ─ ◄Ⱡꜟ◑כ

⌐╟╡300V ≤TJ▪꜠▬─ ⌐400V ─ ⅝⌂ ⅜≢⅝≡⇔╕℮≤ⱨ◊♩

⸗☻⅜ ╣≡⇔╕℮ ꜝ꜡כ○)╢№⅜ ≢│ kV ⌐ ╗ ⅜№╢√╘

400V ⅜≢╢↓≤│№╡ ╢)⁹∕─√╘ⱨ◊♩⸗☻≤ ○▬♄כ♫▼♠⌐

╩(Vz=400V)♪כ ∆╢↓≤≢∕─ ╩ ♪כ○▬♄כ♫▼♠⁸⇔∞√⁹╢™≡∫

─ ⅜ ⱳfi≤300Vכ◒⁸⌐╘√╢№≢ ≤─ ⅜400V ≥ⱳfiכ◒│≢

300V ⅜ ≢№╢√╘⌐ ⅜ ⇔⌂™↓≤⁸ ⅜400V⌐⌂∫√╠♠▼

≡∫╟⌐כ♫ ⅜ ⇔⁸ ⅜ ∆╢↓≤─ ╩ ∫√⁹√∞⇔⁸ │

≢800V Ᵽ▬▪☻∆╢↓≤≢ ↕∑√⁹ ≢ ⇔√ ╩

5.17⌐ ∆⁹ 
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5.17 ( ᵖ) 

Figure 5.17 Test circuit (Discharge pre-test 6) 

 

5.17 ─ ≢ ╩ ∫√ ⁸ ☻▬♇♅(ⱨ◊♩⸗☻)⅜OFF │

⅜ ∑∏⁸ON │ 5.18 ─ ─╟℮⌐ ⅜ ↕╣√⁹ 

5.17 ─ ≢ ╩ ∫√ ⱳfi≤300Vכ◒⁸ ≤─ ⅜400V

─ │ ⅜ ∑∏⌐⁸400V ⌐⌂╢≤ 5.18 ─ ─╟℮⌐ ⅜

⇔ ⅜ ∆╢↓≤⅜ ≢⅝√⁹ 

  

5.18 ▬fi♄◒♃≤ⱨ◊♩⸗☻─  

Figure 5.18 Voltage waveform across inductor and Photo MOS 

 

 


