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│∂╘⌐ 

 

─∆∕ │ ה ⌐ ⌐ ⇔≡™╢⁹╕√⁸ ─

⌐╟╡⁸◘ⱪꜝ▬♅▼כfi─ ┼─ ≤™℮ ⅜╙√╠∆ꜞ☻◒⅜ ⅝ ╡⌐⌂╢

⌂≥⁸ ─ ⅜↓╣╕≢ ⌐ ╕∫≡™╢⁹ 

↓─╟℮⌂ ⌐ ╖⁸ ╛ ─ ⌐⅔↑╢ ⌐≈™≡│⁸∕─

╛ ─ ─ ╩ ∆╢↓≤⌐╟╡⁸ ⅜ ─ ╛ ╩

⇔⁸ ─ ╛ ╩ ∆╢↓≤⅜ ╕╣╢⁹ 

│⁸ ⅜ ─ ה ה ╩ ⌐ ↕∑╢ ╩ ≈ ≤

⇔≡ ↕╣≡™╢⁹ ─ ≤⇔≡₈ ◓fi◦fi☿ה ₉⌐ ⇔≡│⁸

┼─ ⅜ ™∞↑≢⌂ↄ⁸ ┼─ ╙ ™√╘⁸ ─

─ ╩ ה ∆╢ ⅜№╢⁹ 

≢│₈ ◓fi◦fi☿ה ₉≤⇔≡⁸₈ ☿fi◘₉⁸₈ ☻Ⱨfi♩꜡♬◒

☻☿fi◘₉⁸₈ ╙≈╣ ☿fi◘₉⁸₈ ₉⁸₈ ☿fi◘₉⁸₈ ₉⁸₈∕─

SQUID⁸ ⁸ⱨ◊ⱡfi☿fi◦fi◓ ₉─ 7≈─ ╩

≤⇔⁸₈ ─ ₉⁸₈ ₉⁸₈ ₉⁸₈ ₉⁸₈ ₉⁸₈◓ꜝfi♩ ₉

─ ╩∆╢↓≤≢⁸ ⅜ ─ ╛ ╩ ה ⇔⁸ ┘

─ ─ ≤ ─ ⌐ ≈ ╩ ╢↓≤╩ ≤⇔≡™╢⁹ 
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₈ ◓fi◦fi☿ה ₉╩ ⌐ ↑⁸ ╩ ∫√⁹ 

 

1- 1- ◓fi◦fi☿ה 1  

    

 

 

 

 

 

 

 

 

 

 

 

 

  

 NV

 (TMR)

 

 

 

ṕ

OCT

Ṗ 

ṕTES

SSPDṖ 

 

 

 

ṕ

Ṗ ṕSQUID) 

 

 

 

─ │⁸₈ ◓fi◦fi☿ה ₉─ ⌐≈™≡ ─ ╩ ⇔╕≤╘

≡™╢⁹ 

⌐ ⇔≡│≢⅝╢∞↑ ⇔≡ ∆╢⁹♦Ᵽ▬☻ ⌐ ⅎ⁸ ⌂ ╛

⌐≈™≡│⁸ⱪ꜠▬ꜘכ ─ ─ ╙ ה ⇔√⁹ 

<1> ה  

<2> ה  

<3>  

<4>  

<5> ⱪ꜠▬ꜘכ  

 

╕√⁸↓╣╠─ ╩ ⇔≡ ∆╢√╘⁸ ─╕≤╘≤⇔≡ ─ ╩ ╪≢

™╢ 4≈─ ─ ╩ ∆╢⁹ 
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 ☻Ⱨfi ☿fi◦fi◓  

 

 ☿fi◘ 

< ♦Ᵽ▬☻⌐╟╢ ה ה ה ☿fi◦fi◓⁹> 
 

ה  

♄▬ꜘ⸗fi♪ │⁸ ⅜ 4 ≢ ⌐ ⌂ ≢№╢⁹♄▬ꜘ⸗fi♪

⅜≢⅝╢ ≢⁸ ╩ 3 ⇔⅛╙∫≡™⌂™ (N)⅜ ⌐ ⅝

╦╢≤⁸ 1-1-1─╟℮⌐ ─ ⅜ 1 ╡⁸ (Vacancy)⅜≢⅝╢⁹↓─

─ ⌐ ╩ ∂ ╘≡(♄▬ꜘ⸗fi♪ NV ☿fi♃)⁸ ─₈☻Ⱨfi₉≤

┌╣╢ ╩ ∆╢↓≤⌐╟╡⁸ ≢ ה ה ה ╩ ⌐

∆╢☿fi◘≤⇔≡ ≢⅝╢⁹ 

NV ☿fi♃─◄Ⱡꜟ◑כ ms │Γ Δ≤Γ± Δ─ ╩ ╢⁹↓↓

≢⁸Γ Δ│ ≢ ∆╢≤⁸ ╩ ⇔≡Γ Δ─ ⌐ ╢⅜⁸Γ± Δ│

≢ ⇔≡╙⁸ │ ↕╣⌂™⁹╕√⁸Γ Δ⌐ 2.87GHz ─ⱴ

▬◒꜡ ╩ ∆╢≤⁸ ☻Ⱨfi ⌐╟╡⁸Γ Δ⌐ ↕∑╢↓≤⅜≢⅝╢⁹ 

∕⇔≡⁸msΓ Δ─ ─ NV ☿fi♃⌐₈ ₉╩ ∆╢≤⁸ כ♀⌐℮╟─1-1-1

ⱴfi 1⌐╟╡⁸ ─ ⅝↕⌐ ∆╢◄Ⱡꜟ◑כ ╩ ∆╢ ms=+1 ≤ ms=-1 ⌐

↕╣╢⁹∕─ ⁸ ◄Ⱡꜟ◑כ ⌐ ⇔≡ⱴ▬◒꜡ ─ ⅜ ⇔⁸ⱴ

▬◒꜡ ─ ╩ ↕∑⌂⅜╠ ⇔≡ Optically Detected 

Magnetic Resonance: ODMR ⌐╟╢ ─ ╩ ∆╢↓≤≢⁸ ╩

≢ ≢⅝╢⁹╕√⁸₈ ₉╩ ∆╢≤⁸◦ꜙ♃ꜟ◒ 2⌐╟╡⁸ ⌐ⱴ▬◒꜡

─ ⅜ ∆╢─≢⁸ⱴ▬◒꜡ ─ ╩ ↕∑⌂⅜╠ ∆╢≤⁸ODMR

⌐╟╢ ─ ╩ ∆╢↓≤≢⁸ ╩ ≢ ≢⅝╢⁹ ⌐⁸₈ ₉

⌐╟∫≡◄Ⱡꜟ◑כ ms=0 ≤ ms=±1 ≤─◄Ⱡꜟ◑כ ⅜ ∆╢─≢⁸ⱴ▬◒꜡

─ ╩ ↕∑⌂⅜╠ ⇔≡ ─◦ⱨ♩╩ ∆╢↓≤≢⁸ ╩

≢ ≢⅝╢⁹╕√⁸₈ ₉≢╙ ─ ⅜ ⅝⁸ ─☿fi◦fi◓╙ ≢№╢⁹ 

⇔√⅜∫≡⁸ ה ה ה ╩ ⌐ ∆╢↓≤⅜≢⅝╢⁹ 

 

1- 1- 1 ☿fi◘≤ ⁸ ⁸ ─  

 

 

 

 

 

 

 

                         

₈☻◄הכ▫♥ה♯◄  ☿fi◦fi◓Ɫfi♪Ⱪ♇◒₉P.15 3⁸  ◔Ⱶ◌ꜟꜞ

≢♅כ◘  

 
ⱴfiכ♀ 1 : ⅛╠ ↕╣╢ ─☻Ɑ◒♩ꜟ⌐⅔™≡⁸ ⅜ ™≤⅝⌐│ ≢№∫√☻Ɑ◒♩ꜟ ⅜⁸

╩ ⌐⅔™√ ⌐│ ─☻Ɑ◒♩ꜟ ⌐ ∆╢  
2 ◦ꜙ♃ꜟ◒ : ╛ ⌐ ⌂ ╩⅛↑√ ⌐⁸☻Ɑ◒♩ꜟ⅜ ∆╢  
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ה  

☿fi◘◦☻♥ⱶ─ │⁸ NV ☿fi♃ ≤ ⌐╟╢

⇔ ≢№╢⁹ 1-1-2  

 

1- 1- 2 ☿fi◘◦☻♥ⱶ─  

 

 

 

 

 

 

 

 

 

 

 

 

◔Ⱶ◌ꜟꜞ◘כ♅≢  

 

 

≢─ NV ☿fi♃ │⁸ ─ ≈─ ⅜№╢⁹ ▬○fi

(♄▬ꜘ ┼─ ▬○fi )⁸ ( ╩ ╗♄▬ꜘ⌐ ⌂≥╩

)⁸CVD (Chemical Vapor Deposition: )≢№╢⁹ 

 

 

≢│⁸ (ODMR Optical ly  Detected Magnetic Resonance)

⌐╟╡ NV ☿fi♃─ ☻Ⱨfi─◖ⱥכ꜠fi☻ ⅜ ╦╣╢⁹ODMR │⁸

▬ⱷכ☺☿fi◘╕√│ⱨ◊♩♄▬○כ♪(APD)⁸ │√╕◙כ꜠) LED)⁸

┘ⱴ▬◒꜡ ⌐╟╡ ↕╣╢⁹ (AOM Acoustic -Optic Modula tor)

⌐╟╡ ╩Ɽꜟ☻ ⇔≡♄▬ꜘ⸗fi♪ NV ☿fi♃⌐ ⇔⁸ ☻Ⱨfi─

≤ ╖ ⇔ ╩ ℮⁹ 

☻Ⱨfi ⌐│⁸Ɽꜟ☻ ⇔√ⱴ▬◒꜡ ╩ ∆╢⁹ 

≢│⁸ ⅜ ∆╢ 2 ─ⱴ▬◒꜡ ╩ ™⁸ ─ ™⌐╟∫≡≥

∟╠ ╡⌐ ↕╣╢⅛╩ ≢⅝╢⁹↓─ 2 ─ⱴ▬◒꜡ ╟╡⁸ ⅜

≤⌂╢⁹ ╩ ∆╢↓≤≢☻Ⱨfi◄◖כ─ ⅜ ⅜♃כ♦⁸╡↓ ⇔╛∆

™ ≤⌂╢⁹↓╣│⁸♄▬♫Ⱶ◌ꜟ♦◌♇ⱪꜞfi◓ ≤™╦╣⁸ ─ ⅜

≢⁸AC ≢ ⌐ ∆╢↓≤⅜ ⌐⌂╢⁹ 

◦☻♥ⱶ ╩ 1-1-3⌐ ∆⁹ 
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1- 1- 3 ◦☻♥ⱶ APD⁸ ⁸ⱴ▬◒꜡ ⌂≥≢ )  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

◔Ⱶ◌ꜟꜞ◘כ♅≢  

 

 

 

☿fi◘─ ╩ ∆╢√╘⌐│⁸ ☻Ⱨfi─ NV ☿fi♃ ≤◖

ⱥכ꜠fi☻ ╩ ↕∑╢ ⅜№╢⁹NV ☿fi♃╩ ∆╢ ⁸CVD ≢│⁸

⌂ ─ ⌐ ∆╢ NV ☿fi♃─ ⅜ ↄ⁸ ⌂ P1☿fi♃ ⅜☻

Ⱨfiⱡ▬☼⌐⌂╢√╘⁸ ⌐ ⌡ ╦∑╠╣√ 2 ≈─ ─ ≢☻Ⱨfi⌐

↕╣√ ⅜ⱡ▬☼⌐╟╡ ⇔≡⇔╕™ ◖ⱥכ꜠fi☻ ⅜ ↄ⌂╢

⅜ ↄ⌂╢⁹NV ☿fi♃ ≤⁸◖ⱥכ꜠fi☻ ─ ⅜ ≢№╢⁹ 

 

/  

♄▬♫Ⱶ◌ꜟ♦◌♇ⱪꜞfi◓ ≢│⁸ ⌐╟╡☻Ⱨfi◄◖כ⅜ ⅝⁸

≢ ∆╢↓≤⅜ ⌐⌂╢─≢ AC ≢│ ™ ⅜№╢⅜⁸DC ≢│

3⌐ ≠™≡⁸ │ 1 2 ↄ⁸ ≤⌂∫≡™╢⁹ ⌐╟╡

╛ ─ ╛꜠ⱬꜟ╙ ℮─≢⁸ ⌐ ╦∑ ╪∞ ⌂ ◦☻♥ⱶ⅜

≤⌂╢⁹☿fi◘ │ ⌐ ∆╢ NV ─ ╩ ╛∆↓≤⌐╟╡⁸ ⌐ ╘

╢↓≤⅜≢⅝╢⁹ ╩ ╛∆≤ ⅜ ⅜╢≤™℮ ╙№╢⅜⁸↓╣╕≢

─ NV ╩ ⌐ ∆╢↓≤⌐╟╡⁸0.9Ⱨ◖♥☻ꜝ/ӏHz ─ ⅜

↕╣≡™╢⁹ ─ NV ╩ ⌐ ≢⅝╢ ╩ ∆╢↓≤⌐╟╡⁸↕╠

⌂╢ ╙ ↕╣⁸ ⅜ ↄ⌂ↄ≡╙╟™ ≢⁸ ™ ⅜ ↕

╣╢ ⁸ ⁸ ⌂≥┼─ ╙ ↕╣╢⁹Handy Type ─

☿fi◘╙ ↕╣≡™╢⁹ ┘ ╩ ⇔√ ⌂ ☿fi◘╩ ∆╢

╙ ≢№╢⁹ ⁸ ⁸ ┼─ ⌐│ ╙ ≢№╢⁹ 

 
3 :  ─ z ⌐ ∫√ ☻Ⱨfi ⌐╟∫≡ ∆╢ ─ NMR◦◓♫ꜟ≢№

╢⁹ 
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─ ╛ ─√╘⌐ ⅜ ⌂ ⅜ ™⅜⁸♄▬ꜘ⸗fi♪ NV ☿

fi♃│⁸ ה ≢ ∆╢ ⅜ ⅝⌂ ≢№╢⁹∕─√╘⁸ ≢│⌂™ ─

≢─ │╙∟╤╪⁸ ⅝√ ─ ⌐ ⇔⁸ ה ה ╩ ⌐⁸

╕√ ╩♫ⱡⱷכ♩ꜟ⅛╠Ⱶꜞⱷכ◔☻≢╕ꜟ♩כꜝⱩꜟ⌐ ∆╢↓≤⅜≢⅝

╢⁹ ─ ≢│⁸ ⅎ┌ ─ ⌐ ℮ ╛ ─ ⌂ ⌐ ℮ ≤™∫√⁸

⌐ ⌂ Ⱨ◖♥☻ꜝ 10─ⱴ▬♫☻ 12 ⅛╠ⱨ▼ⱶ♩♥☻ꜝ 10─ⱴ▬

♫☻ 15 ─ ≢№╡⁸ ─ ⅜ 10ⱴ▬◒꜡♥☻ꜝ 10─ⱴ▬♫☻ 6

≢№╢↓≤⌐ ⇔≡ 10 ─ 1⌐╙⌂╢ ⌂ ⅜⁸ ─ SQUID ≤ ┌

╣╢ ╩ ™√ ⌂ ╩ ™⌂ↄ≤╙ ≤ ↕╣≡™╢⁹╕√⁸

TMR ╩ ™√ ☿fi◘⌐ ═≡⁸♄▬♫Ⱶ♇◒꜠fi☺⅜ ⅝ↄ⁸ ⅜ ™↓≤╙

≢№╢⁹ ≤ ⅛╠ √ ☿fi◘─ ─ ╩ 1-1-4 ⌐

∆⁹ ⌐ ₁─ ╩ ∆╢⁹ 

⌐⁸ │⁸SiC ⌂≥Ɽ꞉כ♦Ᵽ▬☻⌐ ╛ ╘ ╖≢⁸♦Ᵽ▬☻ ─ ╛

─ ⇔⁸SiC Ɽ꞉כ♦Ᵽ▬☻─ ⅜ ⇔≡™╢⁹ 

╕√⁸ ≤⇔≡⁸ ─ ⌐╟╡⁸ ⁸ ⁸Ⱶ♩◖fi♪ꜞ▪─

⌂≥─ ⅜ ≡⅝≡™╢⁹ 

 

1- 1- 4 ☿fi◘─ ─  vs  

 

/ ↔  

 

 

з.  Ⱡ♇♩꞉כ◒ fi꜡כꜙ♬  

≢│⁸ ╛ Ⱡ♇♩꞉כ◒─ ╩ ⇔≡™╢⁹ 

и.  ♃fiⱤ◒ /DNA  
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⌐ ☿fi◘╩ ↄ↓≤≢⁸♃fiⱤ◒ ╛ DNA─ ╛ ─ ╩ ℮⁹

∕─ ≤ ─ ≤─ ⁸♃fiⱤ◒ ─ ─ ≢─ ╩ ⅎ╢↓≤⌐╟╡⁸

─⅜╪ ╛ ─ⱷ◌♬☼ⱶ─ ⅜ ↕╣≡™╢⁹ 

й.   

≢│ ≢ ↕╣╢ ⅛╠⁸ ─ ─ ╩ ∆╢⁹ 

 

◄Ⱡꜟ◑כ  

EV) ─ ─ ╩ ∆╢⁹ │⁸ ≤ ≢ EV

╩⸗♬♃ꜞfi◓∆╢ ╩ ⇔⁸EV ─ ╩ 10 ≢⅝╢

╩ ⇔√⁹ 

 

ⱪ꜠▬ꜘכ ♦Ᵽ▬☻⁸ ⌂ ⁸ ─ⱪ꜠▬ꜘכ ─

─ ה  

 

 

(JST)─₈ ה ⱨꜝ♇◓◦♇ⱪהⱪ꜡◓ꜝ

ⱶ (Q-LEAP)₉⌐≡⁸₈ ⅜fi◦fi◓₉☿ה ≤⇔≡ ╡ →╠╣⁸ ≈─

₈Flagship ⱪ꜡☺▼◒♩₉≤ 7≈─₈ ₉(₈ ☿fi◘⌐╟╢

♩כꜝ▪ ─ ₉⁸₈ ♫ⱡⱨ◊♩♬◒☻─ ₉⁸₈2 ⌐

╩ ⇔√ ─ ₉⁸₈ ≤⇔≡─ ─ ⌐ ↑

√ ╙≈╣ ─ ₉⁸₈ ╙≈╣ ╩ ⇔√ ♦Ᵽ▬☻

─ ₉⁸₈ ☿fi◦fi◓ ┼─ ₉⁸₈ ☿

fi◘Ί─ ₉)⅜ ╦╣≡™╢⁹ⱪ꜡◓ꜝⱶ─ │ 30 11 ≢№

╢⁹ 

₈Flagship ⱪ꜡☺▼◒♩₉─ ≈│⁸₈ ☿fi◘─ ⌐╟╢ ☿fi

◘◦☻♥ⱶ─ ₉ :  ≢⁸♄▬ꜘ⸗fi♪ NV

☿fi♃╩ ⇔√ ╩fi◦fi◓♦Ᵽ▬☻─ⱪ꜡♩♃▬ⱪ☿ה ⇔⁸ ╩

⇔≡™╢⁹ ⌐│ ╩ⱪכꜟ◓─≈ ∟ →⁸ ⌐ ↑√ ╩ ∫

≡™╢⁹ ☿fi◘─ ⅛╠ ╕≢Ᵽꜝfi☻╟ↄ⁸10 ─ ☻Ɽfi

≢ ╩ ≡≡ ╩ ⇔≡™╢⁹ │⁸ 3 ╩  

₈Flagship ⱪ꜡☺▼◒♩₉─╙℮ ≈│⁸₈ ─ ≤ ה ─

₉ : (QST) ≢⁸ ה

⌐ ↕╣╢ ─ⱪ꜡♩♃▬ⱪ─ ╩ ⇔≡™╢⁹ 

⌐│⁸₈ ♫ⱡ ☿fi◘◦☻♥ⱶ─ ₉⁸₈ MRI/NMR ₉⁸₈

ⱪ꜡כⱩ ─ ₉⁸₈ ─ ─ ₉≢№╢⁹ⱴ▬ꜟ☻♩fi≤

⇔≡⁸2026 ⌐ ─ pH 3 ─ ⁸2031 ⌐ ─ pH

3 ─ ─◓fi☺כⱷ▬ה ╩⇔⁸╕√ ☿fi◘ ─

╩ ⌐ ™≡™╢⁹ │⁸ 3 ╩  

 

  



 

 8  

 

DARPA ⅜₈DRINQS₉≤ ┬ ⱪ꜡◓ꜝⱶ

╩ ⇔√⁹ ─꜡♇◐ ⅜≤⌂fi▫♥כⱴה♪ ⇔≡™╢⁹꜡ ⁸│♪כ◐♇

NV ☿fi♃╩ ∫≡ ╩☿fi◦fi◓⇔⁸GPS⌐ ╠∏ ─▪ⱦ◄כ◦ꜛfi⌐

∆╢↓≤⅜ ≤ ╦╣≡™╢⁹ 

╕√⁸ ≢│₈Quantum Flagship ₉≤™℮ ─ ⱪ꜡☺▼◒♩⅜ ╖⁸

∕─ ⌐ NV ☿fi♃╙♃כ◕♇♩─ ≈⌐ ╕╣≡™≡(ASTERIQS )⁸Bosch ♪▬♠

╛ ≢№╢ Thales ⱨꜝfi☻ ≤™∫√ ≤─ ⅜ ↕╣√⁹2020

⅛╠│⁸Horizon Europe Quantum ─₈Quantum Technologies Flagship₉ 2021

2027 ╛⁸♪▬♠≢│₈Quantentechnologien ₉ⱪ꜡◓ꜝⱶ⅜ ╪≢™╢⁹ 

≢│⁸ ⁸ ⁸ ⁸ ⁸ ⌂≥⅜

⇔≡™╢⁹ 
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 ☻Ⱨfi♩꜡♬◒☻☿fi◘ 

☻Ⱨfi♩꜡♬◒☻♦Ᵽ▬☻⌐╟╢ ה ☿fi◦fi◓⁹  

 

ה  

♩fiⱠꜟ TMR: 

♩fiⱠꜟ Tunnel Magneto Resistance Effect  TMR ≤│⁸

♩fiⱠꜟ (MTJ) ⌐⅔™≡ ╩ ╪≢™╢ ─ ─ ─ ⅝

⌐╟∫≡ ⅜ ∆╢ ≢⁸↓╣╩☿fi◘⌐ ⇔≡™╢⁹ 

─ ─ ⅜ ∂ ╩ ™≡™╢ ( )⌐ │ ↄ⁸⅔ ™

⌐ ─ ╩ ™≡™╢ ( )⌐│ ⅜ ™⁹ ⅜ ↕╣╢≤⁸

─ ⅝↕⌐╟∫≡ ⅜ ⇔⁸ ⌐ ─ ╩ ∆╢↓≤⌐╟╢

╩ ∆╢↓≤≢ ─ ☿fi◦fi◓⅜ ≢№╢⁹ 

ⱨꜞכ ⌐ ☻Ⱨfi╩ ™╢≤ ♄▬♫Ⱶ♇◒꜠fi☺⁸ ☻Ⱨfi╩ ™╢

≤ ─ ☿fi◘⅜ ≢⅝╢ 1-1-5 ⁹ 

 

1- 1- 5 TMR MTJ─☻Ⱨfi ≤ ─  

 
↔  

 

☻Ⱨfi :  

╩ ─☻Ⱨfi 4⌐ ⅎ⁸↓╣╩ ⌐ ⅎ╢⁹☻Ⱨfi♀כⱬ♇◒ 5⌐╟

╡ ⅛╠ ⌐ ∆╢⁹☻Ⱨfi ╩ ∆╢↓≤≢ ─ ⌐ ╩ ╡

∑╢⁹☻ⱧfiⱭꜟ♅▼ 6⌐╟╡⁸☻Ⱨfi ╩ ⌐ ∆╢↓≤╙≢⅝⁸☻Ⱨfi

─ ╙ ≢№╢⁹ 

─ ⌐ ╩ ↑╢≤ ⌐ ─ ╣ ⅜ ∆╢⁹ ⌂

◒♇ⱬכ♀ ─ ⁸ ⌐ ╩ ↕∑╢≤⁸∕─ ─ ⅜⁸№╢

─ ≢ ∂ ⌐ ╣╢ ⌐ ↕╣╢⁹⇔⅛⇔⁸ ≢│⁸ ─ ⅜

─ ╣╛∆↕╙ ◒♇ⱬכ♀⁸╘√℮╕⇔≡╘ ─ ╩ →╢ ⅝⌂ ≢

№∫√⁹☻Ⱨfi ─ ⅝⌂ │⁸☻Ⱨfi♀כⱬ♇◒ ≢│⁸ ⌐

↕∑√ ─ ⅜⁸ ─ ─ ☻Ⱨfi╩ ⇔√☻Ⱨfi ─ ╣⁸

∆⌂╦∟☻Ⱨfi ╩ ∂↕∑╢☻Ⱨfi♀כⱬ♇◒ ⅜ ⅝╢↓≤≢№╢⁹ ⇔√

 
4 ─☻Ⱨfi ☻Ⱨfi ─ ╣ 
5 ☻Ⱨfi♀כⱬ♇◒ ─№╢ ⌐⅔™≡ ∂╢☻Ⱨfi ⌐╟∫≡ ╩ ∂╢ ⁹ 
6 ☻ⱧfiⱭꜟ♅▼ :  ☻Ⱨfi ⌐╟∫≡ ╩ ⅝ ↓∆ ≢№╡⁸ ≤ ─ ⌐ ╩ ∆↓≤⌐

╟∫≡ ∆╢⁹ 
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☻Ⱨfi │⁸ ─ ─ ≢⁸ ☻Ⱨfiⱱכꜟ ≤ ┌╣╢☻Ⱨfi ≤

╩ ∆╢ ⌐╟∫≡⁸ ─ ⅝≤☻Ⱨfi⅜ ∆╢ ⅝─ ⌐ ∆╢

─ ⌐ ↕╣⁸ ≤⇔≡ ╡ ◒♇ⱬכ♀⁸⅜╣↓⁹╢⅝≢⅜≥↓∆ ⌐│

⌂™ ≢№╡⁸☻Ⱨfi♀כⱬ♇◒ ⌐ ⅝⌂ ─ ⅜ ↕╣╢

≢№╢⁹ 

 

ה  

♩fiⱠꜟ TMR: 

─ ⌐ 1nm ─ ╩ ╖ ╗ ╩⇔≡™╢⁹ 1

≤ 2⅜ ⌐ ™ ╩ ╪≢⅔╡⁸ ≢│ ⅜ ╣⌂™⅜⁸↓

─ ⌐ ⇔≡ ⌐ ╩ ∆╢≤♩fiⱠꜟ ⌐╟∫≡ ⌐♩fiⱠ

ꜟ ⅜ ╣╢⁹ TMR ♩fiⱠꜟ │ 100 100,000%/T≢

№╢⁹ (SQUID)≤ ⇔≡⁸TMR │ ─♄▬♫Ⱶ♇◒꜠

fi☺⅜ 3 ™ mT ⅜─╢№≢כ♄כ○ ─ ≢№╢⁹TMR ─

⁸ⱨꜞכ ─ ⁸Magnetic Flux Concentr ator (MFC) ⌂≥⌐╟╡⁸ ╩ ╘

╠╣╢ 1-1-6 ⁹ 

 

1- 1- 6 TMR ─ ≤  

 
↔  

 

☻Ⱨfi :  

YIG(▬♇♩ꜞ►ⱶ )≤ ≢ ↕╣╢⁹☻Ⱨfi ╩ ⇔≡⁸

⅛╠ ⌐ ∆╢ ≢ ⌐ ⅜ ╣╢⁹ 

 

 

♩fiⱠꜟ TMR: 

TMR ─ ≢№╢ ⌐│⁸ ─ ≢№

╡ ↄ⅛╠╟ↄ ╠╣≡™╢ ◖Ᵽꜟ♩ ⅜↓╣╕≢ ™╠╣≡⅝√⁹ ◖Ᵽꜟ♩

 
SiO2, Si Subs.

Ta (5)
Ru (10)

Ru (10)
Ta (5)

CoFeSiB (70)

Ru (0.4)

Co40Fe40B20 (3)

Ta (5)

MgO (dMgO)

Co40Fe40B20 (3)

Ir22Mn78 (6)

Co75Fe25 (5)
Ru (0.9)

Ru (20 nm)

Ta (5)

Deposition DC/RF sputtering

Micro FabricationPhotolithography
Ar ion milling

TMRsensor 74 s array + MFC

Circuit 100dBAmplifier + 0.1- 200Hz BPF

Free

layer

Insulator

Pinned

layer

Sensing axis

(FC)Magnetic flux concentrator (MFC)

MTJ array
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│ ⅜ ⅝ↄ⁸ ⅜ ⌐ ⅝ↄ│⌂™√╘☻Ⱨfi ⌐

⌂ ⅜ ⅝ↄ⁸TMR ⅜ ↕™⁸ ⌂╢ (pTќfT)⁸⌂≥─ ⅜№

╢⁹ ◖Ᵽꜟ♩ ╩ ∆╢ ≤⇔≡⁸◖Ᵽꜟ♩ⱴfi●fi ╩♫ⱡⱴfi●fi

●ꜞ►ⱶ ⌐ ⇔√ ⌂≥⅜ ↕╣≡™╢⁹ 

╕√⁸ ≤⇔≡ ⁸ ⅜№╡⁸ ⱡ▬☼ ⌐ ∆╢√╘⁸

─ ⅜ ≢№╢ 1-1-7 ⁹ 

╕√⁸TMR ⅜ ↕™√╘⁸ ╩ ∆╢√╘⁸ ⅜ ⅝ↄ⌂╡⁸ ⌐

─ ⌂≥≢│⁸ ( 5cm2)⅜ ≢№╢⁹╕√⁸ ╩ ⇔≡

™╢√╘⁸ ◖☻♩ ⅜ ╘╠╣≡™╢⁹ 

 

1- 1- 7 TMR─ ─ ≤♄▬♫Ⱶ♇◒꜠fi☺ 

 
↔  

 

☻Ⱨfi :  

Δ≤Γ Δ─ ⅜ ≢№╢⁹☻Ⱨfi │⁸

⌐ ∆╢≤ ⌐ ∆╢(☻Ⱨfi : 5nm)⁹ ⌐╟╢

⅜ ⇔⁸╕√⁸ ☻Ⱨfi ─ ⅜ ↕™⁹ ☻Ⱨfi ⁸

⁸ ⁸ ─ ⌐╟╢ ─ ⅜ ≢№╢⁹ 

 

 

♩fiⱠꜟ TMR:  

ה ☿fi◘ 

☿fi◘│⁸ ─ ⅝↕╛ ╩ ∆╢√╘─ ≢№╡⁸ ₁⌂ ≢

↕╣≡™╢⁹ ⅎ┌⁸ ◖fiⱤ☻ ☿fi◘ ⁸ ⌂≥─ כ⸗⁸

♃─ ⁸ ─ ⁸ ╛ ─ ⌂≥⁸ ⌐╦√╢⁹ ⌐

™ ⅜ ╘╠╣╢ ⅜ ↕╣≡ ☿fi◘─♄▬♫Ⱶ♇◒꜠fi☺╩

ⅎ≡⇔╕℮╟℮⌂ ≢│⁸♄▬♫Ⱶ♇◒꜠fi☺≤ ⅜ ⌐⌂╢⁹

⌐ ⅝⌂ ⅜ ∆╢≤⁸ ⅜ ∂≡⇔╕™⁸╕√⁸ ⅜ ⅝↑╣┌⁸

⅜ ⅝ↄ⌂∫≡⁸ ╛ ╩ ⌐ ∆╢↓≤⅜≢⅝⌂™⁹ 



 

 12  

ה ה ◄Ⱡꜟ◑כ☿fi◘ 

⁸ ⌂≥⅜№╢⁹ ─ ╩ ╢√╘⌐│ ⌐╟╢ ⅜

∞⅜⁸↓╣│ ─ ╩ ⇔≡™╢∞↑≢⁸ ─≥↓≢ ⅜ ⅝≡™

╢⅛╩ ⌐ ╢↓≤│≢⅝⌂™⁹ ⁸ ⌐╟╡ ∆╢ ╩ ∆╣

┌⁸ ─≥↓≢≥─╟℮⌂ ⅜ ⅝≡™╢⅛─ ╩ ╢↓≤⅜≢⅝╢⅜⁸

─ │ ≢⅛≈ ⌐ ⌂╙─≢№╢⁹ ⅛≈ ≢ ⌐

⇔≡ ⅜≢⅝╢☿fi◘─ ⅜ ╕╣≡⅝√⁹TMR ╩ ™√

☿fi◘─ ⌂ ≤ ⱡ▬☼ ⌐ ⇔⁸ ⅛╠─ɖ ⌐ ∆╢

( )─ ⌐ TMR ☿fi◘⅜ ⇔√⁹ ─ ≢│⁸ ⌂ Ⱬꜞ

►ⱶ╩ ™√ ⅜ ≢№∫√⅜⁸ ╩ ⇔⁸ ≢ ╘≡ ≢ ⌐

∆╢ TMR ≢ ╩≤╠ⅎ√⁹ 1-1-8  

 

1- 1- 8 SQUID ≤ TMR ☿fi◘ ─  

 

 

 

 

 

 

 

 

 

 

 

 

↔  

 

☻Ⱨfi :  

☿fi◘≤≤╙⌐◄♫☺Ɫכⱬ☻♩⌐╙ ≢⅝╢⁹☻Ⱨfi♀כⱬ♇◒

│⁸ ≤ ─ ∞↑≢ ↕╣⁸ ─ ╩ ↄ∆╢≤⁸↓╣

⌐ ⇔≡ ╡ ⇔ ⅜ ⇔⁸◦fiⱪꜟ⌂ ≢ ⅜ⱪ♇▪ꜟכ◔☻⌐ ≢

№╢↓≤⅜ ≢№╢⁹ 

 

ⱪ꜠▬ꜘכ ♦Ᵽ▬☻⁸ ⌂ ⁸ ─ⱪ꜠▬ꜘכ ─

─ ה  

 

 

⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸

(AIST)⁸ ה NIMS ⁸NTT⁸TDK⁸♦fi♁כ⌂≥

⅜ ⇔≡™╢⁹ 

ⱪ꜡☺▼◒♩≤⇔≡│⁸JST ▬ⱡⱬכ◦ꜛfi ⱪ꜡◓ꜝⱶ ₈☻Ⱨfi ╩

™√ ♦Ᵽ▬☻ ⌐ ↑√ ₉ S-▬ⱡⱬ⁸2021 ⌂≥⅜№╢⁹ 

 

SQUID ǮǶƲ
1. ὑ ǲ șҲǒǢǱǋ
2. ȳȢȸǵẎᾛǲᾍꜘǮǔǱǋ
3. ɅɣɭɶԌȆǮȹɱȳ̬ Ǔ ǋ
4. ȹɱȳȱȢɩǵ Ὥ↓ǲ

TMRȹɱȳǲ ǔ ǏȒǯɵɵɵɵɵ
1. șҲǒǞǱǓȐǮȉ ὑ֯
2. șЊȓȒ ǵ Ǯ ὑ֯
3. ἧǓᾛḌǮȹɱȳ ǵὭ↓Ǔׄʣ
4. 2&3ǲȏȑ ϑ↓ǓǔȖȈǭ ǋ

їǜȓȒ ḹǶ ӦfT їǜȓȒ ḹǶɵɵɵ

SQUID  
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MDT ⁸imec⁸TSMC⁸ ⁸SK Hynix ⁸QUALCOMM ⁸♫ⱡ◄꜠◒♩꜡♬◒

☻ ▬♬◦▪♅Ⱪ (NRI) ⁸ STARnet (Semiconductor Technology Advanced 

Research network)(FAME ⁸C-SPIN⁸LEAST ╗)⁸ⱳꜟ♩●ꜟ Institute for Sys tems 

and Computer Engineering, Technology and Science (INESC TEC) ⁸ Bielefeld 

University ⌂≥⅜№╢⁹ 
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 ☿fi◦fi◓  

╙≈╣ ☿fi◘≤│⁸ ╙≈╣╩ ™◦ꜛ♇♩ⱡ▬☼ ─

─ ≢ ╩ ⌐∆╢☿fi◘ ≢№╢⁹ ╙≈╣ ⁸

OCT(Optical Coherence Tomography) ⁸  ⁹╢№⅜≤⌂כ♄כ꜠

 

 ╙≈╣ ☿fi◘ 

╙≈╣ ╩ ⇔√ ⱡ▬☼─ ☿fi◦fi◓⁹ ⁸

⁸ Security ⌂ ─┼≤⌂כ♄כ꜠ ⅜ ↕╣╢⁹  
 

ה  

╙≈╣  

╙≈╣ ─ 2 ╩ ⇔√ ≢№╢⁹₈ ╙≈╣₉≤│⁸2

─ ⅜ ⌐ ⌐№╢ ≢№╢⁹ כ◙כ꜠─ │⁸ⱥ♩─

─ ─ ↕─ 1 ─ 1─꜠ⱬꜟ╕≢ ⌐ ≢⅝╢⅜⁸ ─ ╙

╩כ◙כ꜠™╢ ™╢√╘⁸ⱥ♩ ─╟℮⌐ ╣╛∆™ ⌐ ╩ ⅎ≡⇔

╕℮⁹₈ ╙≈╣₉─ ╩ ∆╢↓≤≢↓─ ─ ⅜ כ◙כ꜠⁹╢⌂≥

╩ ∆╢ ─₈ ╙≈╣₉╩ ™╢↓≤≢⁸ ─ ╩ ⇔⁸ ╩

∆╢↓≤⌐╟╡◦ꜛ♇♩ⱡ▬☼ ╩ כ◙כ꜠⁸⇔ ╩ →╢↓≤⌂ↄⱡ

▬☼╩ ≢⅝╢⁹ 

 

OCT(Optical Coherence Tomography)  

╙≈╣ ─ (Hong-Ou-Mandel ⁸HOM )7╩ ™

╢ ◖ⱥכ꜠fi☻♩⸗◓ꜝⱨ▫( OCT)│⁸ ─ ⌐ ╩╙≈ ▬

ⱷכ☺fi◓ ≤⇔≡ ↕╣≡™╢⁹ ™◖ⱥכ꜠fi☻ ╩ ⇔⁸ ↕

10µm ⅜ ≢⅝╢⁹ 

 

כ♄כ꜠  

╙≈╣ ( )─☻♥ꜟ☻ ╩ ∆╢⁹ ╙≈╣≤ ⌐

≠™√ ◓fi◦fi☿♩כ⸗ꜞ⌂√ ≢№╢⁹ ⌐│⁸Ᵽ♇◒◓ꜝ►fi♪ⱡ▬

☼─ ╩ ⇔≡ ⁸☻♥ꜟ☻ ─ ╩ ⇔⁸ ⌂ ╩ ↑⁸ ™Ᵽ♇

◒◓ꜝ►fi♪ⱡ▬☼─ ≢ ∆╢⁹ כ♄כ꜠─≢ ─ ╙ ↕╣

≡™╢⁹ 

 

 

2010 ⁸ ╩ ╗ 1.5ɡm ─ ≤⇔≡

↕╣⁸ ≢ ⅜ ╪≢™╢⁹ⱨכꜞ◄ QFTIR ⌐

╟╡⁸◦ꜞ◖fi ⌐╟∫≡ ☻Ɑ◒♩ꜟ ⅜ ≢⅝⁸ ─

ה ⅜ ≤⌂∫≡⅝≡™╢⁹ 

 
7 (Hong- Ou- Mandel , HOM ) :  1987 ⌐ Hong, Ou, Mandel─ ⌐╟∫≡ ↕╣⁸ ↕╣√

⁹ ⱦכⱶ☻ⱪꜞ♇♃│ ⌐ ≈─ ─ ⌐ ⇔≡ ≈─ ─ ⅜№╡╕∆⁹ ≈─ ⌐ ╩ ╣╢≤⁸∕

─ │ ≈─ ⌐ ⅛╣╕∆⁹↓─ⱦכⱶ☻ⱪꜞ♇♃─ ⌐ ≈∏≈⁸ ≈─ ╩ ⌐ ∆╢≤⁸ ≈─

│≥∟╠⅛ ─ ⌐ ≈ ∫≡ ↕╣╢⁹↓─≤⅝⁸ ₁─ ⌐ ↕╣╢ │ ⌂ ≢

∆╢⁹↓╣⅜ HOM ≢№╢⁹ 
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ה  

╙≈╣  

─ 1 ─ ⌐☻ꜟⱤכ◙כ꜠─↕ ╩ ↕∑╢↓≤⌐╟∫≡⁸

™╠╣≡⅝√╙─╟╡╙ 1 ╢™₈ ╙≈╣₉╩ ∆╢⁹ ⌐ ╩

╙√╠∆↓≤⌂ↄ⁸ ⁸ ⅜ ∆╢⁹ ╙≈╣ ╩ ─

≤⇔≡ ⇔≡™╢⁹ ╙≈╣ ⁸ ⁸ ⱦכⱶ☻ⱪꜞ♇♃⌂≥≢

↕╣╢⁹ 1-2-1  

 

OCT (Optical Coherence Tomography)  

╙≈╣ ⁸ ⁸ⱦכⱶ☻ⱪꜞ♇♃⌂≥≢ ↕╣╢⁹ 1-2-2  

 

כ♄כ꜠  

╙≈╣ ☺כⱷꜝ⁸▬ⱷ◌כ♄כ꜠⁸ ⌂≥≢ ↕╣╢⁹ 

 

 

╙≈╣ ╩ ⇔√⁸ ╩ ╗ 1.5ɡm ─

≢№╢⁹ ─ ╩ 1-2-3 ⌐ ∆⁹ כ◙כ꜠ ╩

┼ ⇔⁸ ≤ ─ ╙≈╣ ╩ ↕∑╢⁹ │

ⱨ▫ꜟ♃כ≢ ⇔√ ⁸ Ⱶꜝכ≢ ┼ ↕╣╢⁹ ⱨ▫

╩כ♃ꜟ ⇔√ │⁸ ╩ ⇔√ ⁸Ⱶꜝכ≢ ⇔≡

┼≤ ∆╢⁹ ≢ ⅜ ↕╣╢≤⁸ ⇔√

≢ ─ כ◙כ꜠ ⌐│ ╠∏⁸ ∞↑ ╢↓≤⌐⌂╢⁹↓─

╩◦ꜞ◖fi ≢ ∆╢↓≤≢⁸ ↕╣√ ╩ ∆╢↓≤⅜≢⅝

╢⁹ 

─ │ ☺כ♥☻ ⌐ ⇔√Ⱶꜝכ─ ╩ ⅎ╢↓≤≢

⅜ ≢№╢⁹ Ⱶꜝכ ╩ ⇔⌂⅜╠ ─ ╩◦ꜞ◖fi

≤ ╩ ™≡ ∆╢≤⁸ ─ ─ ⌐╟╡

─  ⅜ ≢⅝⁸◦ꜞ◖fi ⌐╟╡ ─ ╩

∆╢↓≤⅜ ╢⁹ 

 

1- 2- 1 ╙≈╣ ─  

 

 

 

 

 

 

 

 

 

↔   
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1- 2- 2 OCT─  

 

 

 

 

 

 

 

 

 

 

↔  

 

1- 2- 3 ─  

 

 

 

 

 

 

 

 

↔  

 

 

╙≈╣  

⌂╢ ╛⁸ ⅜ ≢№╢⁹ 

 

1- 2- 4 ╙≈╣  

 

 

 

 

 

 

 

 

 

 

 

 

↔  
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OCT (Optical Coherence Tomography)  

⁸ ╙≈╣ ─ ⁸ ─ ⁸

⁸ ╙≈╣ ─ ⁸ ─ ⁸◦ꜛ♇♩ⱡ▬☼╩

ⅎ╢ S/N ─ ⅜ ≢№╢⁹ 

⌐│⁸ ⌐ ⅜⅛⅛╡ ⅞≡™╢⁸ ─ ⅜ ⌂™─

≢⁸ ⁸ ◦☻♥ⱶ─ ⅜ ≢№╢⁹ ◦☻♥ⱶ ╙

⁸☻Ⱨ⁸♪כ ≢№╢⁹ 

 

כ♄כ꜠  

⁸ (1 ќ1m )⁸ ⁸ ⅜ ≢№╢⁹ 

 

 

╙≈╣ ╩ ⇔√ ╩ ╗ 1.5ɡm ─

─ ╩ ╘╢≤≤╙⌐⁸ ⌐ ↑≡╟╡ ≢─

─ ╛ ─ ⅜ ≢№╢⁹ 

 

 

╙≈╣  

(0.54ɡm ─ )─ ⅜≢⅝╢↓≤⅜ ≢№╢⁹ 

☿fi◦fi◓─ ₁⌂ ≢∕─ ⅜ ╕╣≡™╢⁹ ♪fiꜝ☼כ▬◒ ≤

꜡☻♩♇◒ ─ ⱶ│⁸₈כ♅ ╙≈╣₉ ╩ ™≡⁸ ╢↓≤⅜≢

⅝⌂⅛∫√ ╩ ╠⅛⌐∆╢ √⌂ ─ ⌐ ⇔√⁹∕─

│⁸2021 6 9 ⁸ ₈Ⱡ▬♅ꜗ₉כ≢ ↕╣≡™╢⁹ כ◙כ꜠─

│⁸ ─ ╙ ╩כ◙כ꜠™╢ ™╢√╘⁸ⱥ♩ ─╟℮⌐ ╣

╛∆™ ⌐ ╩ ⅎ≡⇔╕℮⁹₈ ╙≈╣₉─ ╩ ∆╢↓≤≢↓─

╩ ╩כ◙כ꜠⁹╢™≡⇔ ∆╢ ─₈ ╙≈╣₉╩ כ꜠⁸≢≥↓╢™

כ◙ ╩ →╢↓≤⌂ↄⱡ▬☼╩ ≢⅝╢⁹ 1-2-5  

 

1- 2- 5 ─  

 

 

 

 

 

 

 

 

 

 

 

↔  
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OCT(Optical Coherence Tomography)  

─╦∏⅛⌂ ─ ╛⁸ ─ ─ ⌂≥

⁸ ⅜≢⅝╢⁹ OCT ─ │⁸2030

2035 ╩ ⇔≡™╢⁹ 

 

כ♄כ꜠  

─ ⱡ▬☼꜠⁸כ♄כADAS⁸ ⌂≥⌐ ∆╢↓≤⅜ ↕╣≡™╢⁹ 

 

 

╙≈╣ ╩ ⇔√⁸ ╩ ╗ 1.5ɡm ─

⁸ ⅜≢⅝╢⁹◖fiⱤ◒♩≢ ⌂ ─ ⌐╟

╡⁸ ⁸ ⁸●♁ꜞfi ─○◒♃fi ⁸ ⸗♬♃ꜞfi◓⁸☿

◐ꜙꜞ♥▫ ₁⌂ ┼─ ⅜ ↕╣╢⁹ 

 

ⱪ꜠▬ꜘכ ♦Ᵽ▬☻⁸ ⌂ ⁸ ─ⱪ꜠▬ꜘכ ─

─ ה  

 

 

╙≈╣  

⁸ ⁸ ⁸ ⁸ ה

JST ⁸ ה (NIMS) ⁸ AIST

⌂≥⅜ →╠╣╢⁹ 

OCT (Optical Coherence Tomography)  

⁸ (NII) ⌂≥⅜ →╠╣╢⁹ 

כ♄כ꜠  

(QST)⁸ ⁸ ⁸ ⁸

(NII) ⁸ (NICT)⁸NTT⁸ ⁸ ⌂≥⅜ →╠

╣╢⁹ 

 

⁸ ⌂≥⁸ ה ⱨꜝ♇◓◦♇ⱪⱪ꜡◓ꜝⱶ Q-LEAP ⅜

→╠╣╢⁹ 

 

 

╙≈╣  

MIT⁸○כ☻♩ꜝꜞ▪ CSIRO)⁸ ♪fi☼ꜝfiכ▬◒ ⁸

꜡☻♩♇◒ ⁸ ♪fi☼ꜝfiכ▬◒ ⌂≥⅜ →╠╣╢⁹ 

OCT (Optical Coherence Tomography)  

Boston ⁸ ARO(Academic Research Organization )⁸Illino i

⁸Maryland ⁸MIT⁸ꜟ▬☺▪♫ ⁸ Oxford ⁸Ⱪꜞ☻♩ꜟ

⁸♦fiⱴכ◒ ⁸♪▬♠Max -Planck -Institute for Quantum Optics(MPQ) ⁸

▬♃ꜞ▪ (INRIM) ⁸Pavia ⁸ Pohang University of Science 
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and Technology(POSTECH) ▪ꜞꜝ♩☻כ○⁸ Australian National University(ANU) ⁸

Griffith ⌂≥⅜ →╠╣╢⁹ 

כ♄כ꜠  

Northwestern ⁸ (DARPA)⁸MIT ⌂≥⅜ →╠╣╢⁹ 

 

◦fi●ⱳכꜟ ⁸♪▬♠ⱬꜟꜞfi ⁸Fraunhofer ⌂≥⁹ 
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♫ⱡ ╛ ─ ⌐╟╢ ─ ╩ ⇔√ ☿fi◦fi

◓⁹ ⁸ /Ᵽ▬○ ≢ ↕╣╢⁹  

 

ה  

SSPD  

SSPD(Superconducting Nano Strip Photon Detector) ─ │⁸ 1

─◄Ⱡꜟ◑כ≢ ╩ ∆≤™℮↓≤≢№╢⁹∕─√╘⌐│ ─ ╩

╕≢ ↕ↄ∆╢ ⅜№╡⁸ ↕ 5nm ─ ╩⁸ 100nm ⌐

⇔√ ♫ⱡ꞉▬ꜘ⅜ ™╠╣≡™╢⁹↓─ ♫ⱡ꞉▬ꜘ⅜ ╩ ∆╢

≤⁸ⱱ♇♩☻ⱳ♇♩≤ ┌╣╢ ⌐ ⅜ ╣√ ⅜≢⅝╢⁹ ╣√

⅜ ↕╣╢↓≤≢⁸ ⅜ ∆╢√╘⁸∕╣╩ ∆╢↓≤≢ ╩

≢⅝╢⁹◄Ⱡꜟ◑כ ╩ ≈ ≢│⁸ ⅜ ⌂ↄ⁸ ╩

ↄ∆╢≤ ╙ ∆╢⁹ 

 

TES  

☿fi◘ TES superconductin g transition  edgesensor ⌐╟╢

│⁸ Ɽꜟ☻─◄Ⱡꜟ◑כ⌐╟╢ ╩ ─ ≢ ∆

╢↓≤≢⁸Ɽꜟ☻ ─ ╩ ∆╢ ≢№╢⁹TES ╩ ⇔ↄ ↕∑╢√╘

⌐│⁸ ╩ mK ─ ╘≡ ™ ⌐ ∆╢↓≤⅜ ≢

№╢⁹TES ≢│⁸↓─ ╩ ⱨ▫כ♪Ᵽ♇◒ electrothermal feedback; 

ETF ≤╟┌╣╢ ≢ ⇔≡™╢⁹ 

 

ה  

SSPD  

♫ⱡ כ◙כ꜠≥ ≢ ↕╣╢⁹ ♫ⱡ꞉▬ꜘ │⁸

⅛╠ ≤™℮ ™ ⌐ ╩ ∟⁸ ⌐ ≢№╢ 1,550nm

⌐⅔™≡ ╩ ™√ ≢№╢▪Ᵽꜝfi◦▼ⱨ◊♩♄▬○כ♪(Avalanche 

Photo Diode: APD)╟╡╙⁸ ( ◌►fi♩ ╩ ≢ ∫√ )⁸

( ⌐◌►fi♩≢⅝╢ )⁸ ( ─⌂™ ≢─ ◌►

fi♩ ⁸≈╕╡ⱡ▬☼)⁸☺♇♃( ─ ╠⅞)⌂≥⁸ ↄ─ ≢ ╣≡™╢⁹

♫ⱡ꞉▬ꜘ⌐Ᵽ▬▪☻ ╩ ⌐ ⇔√ ≢│⁸↓─ⱱ♇♩☻ⱳ♇♩─

♩♇⁸ⱱ♇♩☻ⱳ≡⇔≥כ●ꜞ♩╩ ─ ⅜№╢ (↓╣╩

╢≤ ⅜ ╣╢≤™℮ )╩ ⅎ⁸♫ⱡ꞉▬ꜘ ─ ⅜ ╣

╢⁹↓╣⌐╟╡♫ⱡ꞉▬ꜘ─ ⌐ kɎ─ ⅜ ∆╢⁹ 

 

TES  

Ɽꜟ☻╩ ⇔≡ⱨ◊ⱡfi─ ┼≤ ∆╢ ⁸∕─ ╩

∆╢√╘─ ≢№╢ TES⁸ ≤ ─ ╩ ⌂ ◖fi♄◒♃fi☻≢

┬ ꜞfi◒─ 3≈⅜ ≤⌂∫≡™╢⁹ 
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SSPD  

SSPD ─ │ ∫≡◦fiⱪꜟ≢⁸ ™ ╩ ∆╢√╘⌐│⁸™ↄ≈

⅛─ ⌂Ɫ⁹√∫№⅜ꜟ♪כSSPD─ ╩ ╘╢ 3≈─ ≤⇔≡⁸ ⱨ□

▬Ᵽ≤─ ⁸♫ⱡ꞉▬ꜘ─ ⁸Ɽꜟ☻ ⅜№╢⁹ 100

™ ⅜ ╠╣√ ⅜№∫√⁹ 

♄Ⱪꜟ◘▬♪◐ꜗⱦ♥▫ ≢│⁸◦ꜞ◖fi ─ ⅛╠ ╩ ∆╢√╘⁸◦

ꜞ◖fi─Ᵽfi♪◑ꜗ♇ⱪ╟╡╙◄Ⱡꜟ◑כ─ ⅝™ 1ɡm ─ │ ⌐ ↕╣

≡⇔╕℮⁹∕↓≢⁸1ɡm ─ ⌐╙ ≢⅝⁸╟╡ ⌂ ⅜ ⌂♦Ᵽ▬

☻ ≤⇔≡⁸ ╩ ™√♦Ᵽ▬☻ ⅜ ≤⌂╢⁹ ⌂╢ ╩

≈ 2 ─ SiO2≤ TiO 2 ─ ╛ ╩ ⅎ╢↓≤≢⁸ ♫ⱡ꞉▬ꜘ⌐

↕╣╢ ╩ ⌐ ∆╢↓≤⅜≢⅝╢⁹ 

 

TES  

─ ⁸ ⁸ Tc ⌂≥─ ╛⁸TES ─

◄Ⱡꜟ◑כ ─ ⌂╢ ⌂≥⅜№╢⁹ 

 

 

⌐ ≢─ ╩ ⇔≡ 1,550nm ─ ⌐ ⇔≡ ⅜ ≤

⌂╢╟℮ SSPD─♦Ᵽ▬☻ ╩ ↕╣≡⅝√⅜⁸ ─ │⁸ ה

⅛╠⁸Ᵽ▬○ה ╕≢ ⌐╦√∫≡™╢⁹ ╦╣╢ │ ⌐╟∫≡ ⌂╢

√╘⁸ SSPD╩╟╡ ™ ⌐ ⇔≡™ↄ√╘⌐│⁸1,550nm ∞↑≢⌂ↄ ₁⌂

─ ╩ ≢⅝╢↓≤⅜ ≤⌂╢⁹ ─◄Ⱡꜟ◑כ≢ ╩ ∆≤™℮

SSPD ─ ╩ ⅎ╢≤⁸╟╡◄Ⱡꜟ◑כ─ ™ ─ ╒≥ ™Ɽꜟ☻

╩ ∆╢℮ⅎ≢ ≢№╢⁹ 

ⱴꜟ♅Ⱨ◒☿ꜟ SSPD─⸗ⱡꜞ◦♇◒ ≢№╢⅜⁸16Ⱨ◒☿ꜟ SSPD≤ SFQ

─⸗ⱡꜞ◦♇◒ ⇔⁸ⱴꜟ♅Ⱨ◒☿ꜟ SSPD≤ ⌐ ⇔√ SFQ

╩ ⇔≡ SSPD⅛╠─ ╩ ╖ ∆↓≤⌐ ⇔≡™╢⁹⇔⅛⇔⁸ ─

│ 0.25% ≤⁸◦fi◓ꜟⱧ◒☿ꜟ─ SSPD≢ ╠╣≡™╢ 80 ─ ⌐ ═≡

⇔ↄ ™⁹SFQ ─ ⱪ꜡☿☻≢⁸ ─☻♩꜠☻⌐╟╡ SSPD─ ◐ꜗⱦ♥▫╩

∆╢ SiO ─ ⌐ ⅜ ∆╢⌂≥⁸ ⱪ꜡☿☻ ─ ⅜╕∞ ↄ ∫

≡⅔╡⁸ ─ ─ ⁸ ─☻♩꜠☻ ⁸ ∆╢ ⅜№╢⁹ 

 

ⱪ꜠▬ꜘכ ♦Ᵽ▬☻⁸ ⌂ ⁸ ─ⱪ꜠▬ꜘכ ─

─ ה  

 

 

(NICT)⁸ (JST)⁸ (AIST)⁸NTT⁸

⁸ ⁸ (NAIST)⁸ ⁸ ⁸

ⱨ◊♩♬◒☻⁸◖♬◌Ⱶⱡꜟ♃⁸ ⁸JSR⁸AGC⁸⌂≥⅜ ⇔≡™╢⁹ 

ה  ⱨꜝ◓◦♇ⱪⱪ꜡◓ꜝⱶ Q-LEAP₈ ♫ⱡⱨ◊
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♩♬◒☻─ ₉⁸ JSTה ⱶכfi◦ꜛ♇♩ 6₈2050 ╕≢⌐⁸

ה ה ╩ ⌐ ↕∑╢ ╡ ◖fiⱧꜙכ♃╩ ₉

⌐⅔↑╢ QCNQC ⱪ꜡☺▼◒♩(Ⱡ♇♩꞉כ◒ ◖fiⱧꜙכ♃⌐╟╢ ◘▬Ᵽכ

☻Ɑ⁹╢№⅜≤⌂(☻כ 

 

 

⁸ ⁸Huawei⁸ NIST ⁸IBM ⁸꜡☻▪ꜝ⸗☻

⁸John Hopkins ⁸British Telecom(BT) ⁸Geneva ⁸Oxford ⁸

Physics Frontier Center(PFC) ⁸Stanford ⁸UK National  Quantum Technology Hub 

in Sensors and Metrology ⱣכⱵfi●ⱶ⁸◓ꜝ☻◗⁸כⱡ♇♥▫fi●ⱶ⁸◘►◘fiⱪ♩

fi⁸☻♩ꜝ☻◒ꜝ▬♪⁸◘☿♇◒☻ )⁸Joint Quantum Institute JQI ⌂≥⅜

⇔≡™╢⁹ 
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 ╩ ™√ ☿fi◦fi◓  

 

 ☿fi◘ 

Ɽꜟ☻╩ ™√ ─ ⌐╟╢ ⌂ ☿fi◦fi◓⁸ ☿fi◦

fi◓⁸ ☿fi◦fi◓⁹  

 

ה  

▬꜡Ⱪה♪─ 8╩ ↕∑╢↓≤≢⁸ ⁸ ⁸ ⌂≥⌐╟∫

≡ ∆╢ ╩ ∆╢⁹ Rb ꜟⱦ☺כⱶ כ◙כ꜠⌐ Ɽꜟ☻╩ ⇔≡⁸

∕─ ─ ה ⌐ ℮ ╩ ™≡⁸ ╩ ⌐ ה ה ⇔⁸

╩ ∆╢⁹ ☿fi◘─ │⁸ ⌐⅔↑╢ ─▪ꜝfi 9≢ ≢

⅝╢⁹ ⌐ ⌂ ≢⁸ ─ⱨ□▬Ᵽכ○ⱪ♥▫◒☺ꜗ

▬꜡ Fiber Optic Gyroscope FOG ≤ AI ☺ꜗ▬꜡ ▬꜡Ⱪה♪─ ╩ ™√

Atom Interferometry Gyroscope:AI gyro ╩ ∆╢≤⁸ ≢│ ⅜ ╢⅜⁸

─ ≢│⁸AI ☺ꜗ▬꜡⌐ ┘⇔╤⅜№╡⁸▪ꜝfi ╩ ≢⅝╢≤ ╕╣≡

™╢ 1-3-1 ⁹ 

 

1- 3- 1 ☿fi◘─  

 
 

↔  

 
▬꜡Ⱪה♪ 8 ≢│⁸ ⌂ ⅜ ≤⇔≡⁸ ⌂ ⅜ ≤⇔≡ ℮⁹ ⌐⅔↑╢ ▬꜡Ⱪה♪╩ ≤

┬⁹ ▬꜡Ⱪה♪─ ╩ ≤ ∆╢↓≤╙№╢⁹ 
9 ▪ꜝfi ⁸☺ꜗ▬꜡⁸ ⌂≥─ ─ ⁹ ɩ≤ ∕─ ≢ כ♦√⇔

♃─ ɨ─ ╩ ⇔√╙─≢⁸☿fi◘⌂≥─ⱡ▬☼ ╩ ∆╢↓≤⅜≢⅝╢⁹ 



 

 24  

1- 3- 2 ☺ꜗ▬꜡⌐ ∆╢  

 

↔  

 

─ ╛ №╢™│ ╩ ∆╢ ≢№╢☺ꜗ▬꜡⌐ ∆

╢ ▪ꜝfi ɨ≤ ╩ 1-3-2 ⌐ ∆⁹ ─ ⱨ□▬Ᵽכ○ⱪ

♥▫◒☺ꜗ▬꜡(FOG)╛ꜞfi◓꜠כ◙כ☺ꜗ▬꜡(Ring Laser Gyro⁸RLG)≤ ⇔⁸ⱨꜝ

fi☻ ╛꜡◦▪ ─☺ꜗ▬꜡│⁸1 ⅛╠ 2 ─ ─ ⅜№╢⁹ ⁸ ─

☺ꜗ▬꜡│∕╣╠⌐ ⇔≡ ∫√ ⌐№╢⅜⁸ │⁸ ≢ ⇔√╟℮⌂

≢─ ⅜ ╘╢⁹ 

╕√⁸ 1-3-3 ⌐ ∆╟℮⌐⁸GPS ─ ⅎ⌂™ ─ ⅛⌂™ ≢─ GPS ╩

≢⅝╢─⅜ ≢№╢⁹ 

 

1- 3- 3 ☿fi◘─  

↔  
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1-3-1─ ☿fi◘─ ─ ⌐╟╡ ╩ ∆╢⁹ כ◙כ꜠⌐

ɥ/2 Ɽꜟ☻╩ ⇔ ╩ ⌡ ╦∑ ⌐∆╢↓≤≢⁸ ≈─ ⌐ ↑≡

↕∑⁸ כ◙כ꜠⌐ ɥⱤꜟ☻╩ ⇔≡ ≈─ ╩ ↕∑╢⁹ ≈─ ⅜ ⌂∫

כ◙כ꜠≢╤↓≥√ ɥ/2 ╩ ⇔≡ ╩ ↕∑╢⁹ כ◙כ꜠⁸≡™⅔⌐

─ ⌐ ⅜ ↕╣╢≤⁸ ≈─ ⌐ ⅜ ∂ ⅜ ∂ ⁸∕╣⅜

─ ≤⌂∫≡ ╣╢⁹ ╩ ∑∏≤╙⁸ ⅜ ⇔≡™╢ ⁸ ─

≤ ─ ⌐ ∆╢◖ꜞ○ꜞ ─כ◙כ꜠⅜ ⌐ ↄ√╘⁸ ⌐ ─

⅜ ∆╢⁹∆⌂╦∟ │⁸ ≤ ─ ⌐ ⌂☿fi◘≤⇔≡

∆╢⁹ 

 

ה  

כ◙כ꜠⌐ ╩ ⇔⁸ ─ ╩ ∆╢ 1-3-4 ⁹ 

⁸ ⁸ ⌂≥⅛╠ ↕╣≡™╢⁹ 

 

1- 3- 4 ☿fi◘─  

↔  

 

1- 3- 5 ☿fi◘  

 

 ↔  
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ה ☿fi◘│⁸ ⁸ ⁸ ─™∏╣⌐≈™≡╙

≢─ ⅜ ↕╣≡™╢⁹⇔⅛⇔↓╣╠╩ ⱦכ◒ꜟ⌐ ⇔≡ ∆╢√╘⌐│⁸

╛ ┼─ ╙ ╘√ ⌐ ∆╢ ⅜ ≤ ⅎ╢⁹ 

ה ≢ ⌂ ☿fi◘╩ ∆╢√╘⌐│⁸╕∞╕∞ ↄ─ ⅜ ↕╣≡

™╢⁹ ╩ ─ⱪכ◖☻꜡▬ꜗ☺√™ ⁸ ⅜ⱨ□▬Ᵽ─♪כ⸗ ∆╢√╘⁸ⱨ□

▬Ᵽ╩ ⌐╙ ↄ↓≤≢ ≢№╡⌂⅜╠ ─ ╩ⱪכ◖☻꜡▬ꜗ☺™ ∆╢↓

≤⌐ ⇔≡™╢⁹ ⁸ ⌐ ∆╢ ─♪כ⸗ │ ↕╣≡™⌂™√╘⁸

╩ ⌐ ╙ ↕∑╢↓≤⅜≢⅝∏⁸ ⅜ ╕╣≡™╢≤╙ ⅎ╢⁹

↓─ ⌐ ∆╢ ⌂▪ⱪ꜡כ♅│ 2 ≢№╡⁸ ≈│ ─ ╩⁸꜠ כ◙כ

╩ ∫≡ →╢↓≤≢ ╩ ↕∑╢ ≢№╢⁹↓─ │⁸ ≢│

─ ⅜ ⇔≡™╢⁹╙℮ ≈│ ─▬○fi╩ ⌐╟∫≡ ∂

╘⁸ ╙ ↕∑╢≤™℮ ≢№╢⁹ ⁸ ⅜ ≢ ╘≡

─▬○fi╩ ⌡ ╦∑ ⌐⇔≡⁸ ╩ ⅛∑√№≤ ↕∑╢ ⌐ ⇔

√⅜⁸☺ꜗ▬꜡ ─ ⌐│ ∫≡™⌂™⁹2021 ─ ╩ ⇔≡™╢⁹ 

ה ⱳכ♃Ⱪꜟ⌂ ╛ ⌂≥─ ⅜№╡⁸ADAS ┼─ │ ⅜

™⅛╙⇔╣⌂™⁹ 

ה ☿fi◘│⁸ ▬꜡Ⱪה♪─ ╩ ⇔≡™╢√╘⁸ ⅜ ↄ 100ms

1s Ɑfi♦ꜙꜝⱶ♠כ○◒⁸ MEMSה ≤ ≤─Ɫ▬Ⱪꜞ♇

♪╛⁸ⱨ□▬Ᵽכ○ⱪ♥▫◒☺ꜗ▬꜡ FOG ≤ ☺ꜗ▬꜡≤─Ɫ▬Ⱪꜞ♇♪⌂≥─

⅜ ↕╣≡™╢⁹ 

 

 

/ / ─  

⌂≥┼─ ⅜ ≢№╢⁹ 

☿fi◘│⁸ ⁸ ⁸ ─ 3 ≈─ ⅜ ≢№╢⁹

כ◙כ꜠╛ ─ ─ ≤≤╙⌐∕╣╠╩ ╖ ╦∑╢ ╛⁸

─ ⅝↕╩ ⅎ≈≈ ╩ ╢√╘─◦☻♥ⱶ ╩⁸ ⅜ ≢№

╢↓≤╩ ╘╠╣╢ ╕≢ ⇔⁸ ™ ⌐⅔↑╢ ⌐

↕∑╢↓≤⅜ ≤↕╣≡™╢⁹ 

╩ ∆╢ⱨ□▬Ᵽכ○ⱪ♥▫◒☺ꜗ▬꜡ FOG ⌐ ═⁸▪ꜝfi

╩ ∆╢↓≤⅜≢⅝╣┌⁸₈ ─ ₉⁸₈ ╩ ™√ ⌐

⅔↑╢ ₉ ⅜ ≢⅝╢⁹ ─ GPS ╩ ⇔⁸

Autonomous Underwater Vehicle(AUV) ┼─ ╩ ⇔≡™╢⁹ⱨ□▬Ᵽכ○ⱪ

♥▫◒☺ꜗ▬꜡ FOG │⁸ 2 3 ⌐⅛⌂╡ ⇔⁸5 ⌐ ⁸

10 ⌐│ ∆╢ ⅜№╢⁹ ⁸ ☿fi◘│ 10 ⌐₈ ⅜

ⅎ≡ↄ╢₉▬ⱷכ☺╩ ∫≡™╢⁹FOG ⌐ ⅝ ╦╡℮╢ ≤⇔≡⁸ ☿

fi◘╩ ⇔≡™ↄ═⅝≢№╢⁹ 
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1- 3- 6 ☿fi◘─  

↔  

↔  

 

ⱪ꜠▬ꜘכ ♦Ᵽ▬☻⁸ ⌂ ⁸ ─ⱪ꜠▬ꜘכ ─

─ ה  

 

 

⁸ ⁸ ⁸ ⁸ (NICT)⁸NTT⁸

⁸ ⌂≥⅜ ⇔≡™╢⁹ 

ⱪ꜡☺▼◒♩≤⇔≡│⁸₈ ╩fi○▬ה ™√ ─ⱪכ◖☻꜡▬ꜗ☺ ₉

PM ⁸ 2017 2026 ⁸JST ─

ⱪ꜡◓ꜝⱶ ה ₈ ₉ PL
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⁸ 2020 2030 ⌂≥⅜№╢⁹ 

 

 

AO Sense⁸NASA⁸UCB⁸☻♃fiⱨ◊כ♪ ⁸Honeywell ⱨꜝfi☻Ɽꜞ ⁸

Ɽꜞ LNE -SYRT ⁸ⱨꜝfi☻ ⁸MUQUANS ⁸○♇◒☻

ⱨ◊כ♪ ⁸ⱣכⱵfi●ⱶ ⁸ ⁸ ⁸ ⁸

⌂≥⅜ ⇔≡™╢⁹  
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כ◙כ꜠ ≢ ↕╣√ ⌐ ↕╣√ ─ כ◙כ꜠⌐ ╩ ה ⇔⁸
⌂ ╩ ⁹ ⌂ ⱳ♥fi◦ꜗꜟ ⁸3D ⁸GPS⁸ ⁸ ה ⌂
≥─ ⌂≥┼─ ⅜ ↕╣╢⁹  

 

ה )  

כ◙כ꜠⁸│≥ ╩ ⌐ ⇔⁸ ─ ≤⌂╢

⌐ ⌐ כ◙כ꜠⌐℮╟╢∆ ─ ╩ ∆╢↓≤⌐╟∫≡⁸ ─ ה

╩ ⇔≡™╢⁹ ⌂ כ◙כ꜠─ ≢ ∫√↔ↄ ↕⌂ ─ ╣ ⌐⁸100

╙─☻♩꜡fi♅►ⱶ ╩ ╣⁸∕╣∙╣─ ─ ╡ ─ ╩ ⌐ ∆╢

↓≤≢⁸ ⌂ ╩ ∆╢ ≢№╢⁹☻♩꜡fi♅►ⱶ ─ ╩ ⇔≡

™╢⁹☻♩꜡fi♅►ⱶ │⁸▪ꜟ◌ꜞ ≢⁸ ⅜⌂ↄ⁸ 813nm

╛ 698nm כ◙כ꜠⁸ (461nm⁸689nm ─☻Ɑ◒♩ꜟ⅜ ≢ ™

™⁹ 

 

ה  

⁸כ◙כ꜠ ⁸כ◙כ꜠ ♩ꜝ♇ⱪ(MOT)≢ ↕╣╢⁹

╩כ◙כ꜠⁸∏╕│≢ ∫≡ ─Ɽ♇◒─╟℮⌂ ─ ╣ ╩ ⁸ ╣

─ ╩ ⌐ ≠⅛╣⌂™╟℮⌐∆╢─⅜ⱳ▬fi♩≢№╢⁹ ( )⅜ ≈

↑√₈ ₉≤ ↑√ ⌂ ╩כ◙כ꜠─ ⇔⁸ ⌐⁸ ↄ╕≢

╛⇔√☻♩꜡fi♅►ⱶ ╩ ╣ ─ ⌐ ≈∏≈ ╕╢╟℮⌐ ╣╢⁹∕℮⇔√℮ⅎ≢⁸

∆═≡─ ╩ ⌐ ∆╢⁹ ─☿◦►ⱶ │⁸3,000 2 ⌐ 1 ↄ╠

™─☼꜠╩ ∂⁸ ≢⁸10─ⱴ▬♫☻ 16 ─ ≢№╢⁹ ─ │⁸

↕╠⌐ 2◔♃ ™⁸10─ⱴ▬♫☻ 18 ─ ╩ ⌐∆╢⁹ 1-3-7  

 

1- 3- 7 ─  

 

 

 

 

 

 

 

 

 

 

 

 

↔  
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◦ⱨ♩ ( ⌐╟╢ ◦ⱨ♩)  

◦ⱨ♩─ │⁸ ─ ⌐⅔↑╢ ≢№╡⁸

─ │⁸19 ─ ─ ⌐ ↑√ ⌂☻♥♇ⱪ≢№

╢⁹☿◦►ⱶ ─ ╩ 3 ╢ 19 ─ ─ │⁸ ⇔™

─ ┼≤ ∆╢√╘─ ⅝⌂ ≤⌂╢⁹ 

⌐⁸19 ─ │⁸ ─ ≢│ ⌂Ⱶꜞⱷכ♩ꜟ ─

╩ ≤⇔⁸ ≤⇔≡─ ╩ ⅎ≡⁸ ⁸ ┼─

─ ⅜ ≢⅝╢⁹╕√⁸ ⌂ │⁸ ─ ─

⌂≥⁸ ─ ⌐⅔™≡╙ ⌂ ⁸╡№≢ꜟכ♠ ⇔™ ╩ ╡ ↄ

☿fi◘≤⇔≡⁸ ⌂ ╩ ∫≡™ↄ↓≤⌐╙ ↕╣≡™╢⁹ 

 

כ◙כ꜠ ─  

─ ⌐ כ◙כ꜠√↑ ─ ⅜ ≢№╢⁹ כ꜠

─כ◙ ⁸698nm ♪כ○▬♄כ◙כ꜠ ⁸461nm ≤⌂כ◙כ꜠ ╘√

◦☻♥ⱶ─ ⅜ ≢№╢⁹ ╩ כ◙כ꜠◒♇꜡◒╢∆⌐ ◦

☻♥ⱶ│⁸ Prestab ilization ⁸ULE Ultra Low  Expansion)

⁸ⱨ□▬Ᵽכⱡ▬☼◐ꜗfi☿ꜟ FNC ⌂≥≢ ↕╣≡™╢⁹ 

 

─  

─ ⌂╢ 6 ─ ╩כ◙כ꜠ ⇔≡ ⌐▪◒☿☻∆╢⅜⁸

כ◙כ꜠ ⅜ ∆╣┌ ≢כ◙כ꜠ ⌂ ⅜≢⅝╢↓≤⅜ ⌐

╦╢⁹ ─ ⌐ ⌂☻♩꜡fi♅►ⱶ ─◄Ⱡꜟ◑כ ╩ ∆

1-3-8 ⁹ 10 ─ ─⧵≥כ◙כ꜠ ─◄꜠◒♩꜡♬◒☻╩ ⌐ ╘

╖ ─◘▬☼╩╘↨∆⁹ 

 

1- 3- ╩כ◙כ꜠ 8 ∆╢ ─  

 

 

 

 

 

 

 

 

 

↔  

 

 

10 18)  

10ה ╒≥ ⌐ ⅎ≡™╢ ⌐╟╢₈ ─ ₉⌐⅔™≡⁸ ⅜
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⅜↓╣╕≢ ⇔ ⌂⅛∫√╟℮⌂ ⌂ ⅜ ≢⅝╢⁹( ⅜ ≢▪☺

▪ ─ ⌐╟╢₈ ─ ₉)⁹ 

ה ⌐╟╡⁸ ╣⅛╠ ⱳ♥fi◦ꜗꜟ◄Ⱡꜟ◑כ ╩ ∆╢⁹ 

ה ─ ה ⅜ ⌐ ⌐⌂╡⁸ⱪꜝfi◒ ─₈ ⅜

≢№╢₉≤─ ─ ─ ╩ ∆╟℮⌂ ⌐ ╢ ⅜№╢⁹ 

ה ─ ⌐⅔↑╢₈ ─╝⅜╖₉╛ ⁸ ┘ ⌂ ⱳ♥fi

◦ꜗꜟ─ ⅜ ⌐⌂╡⁸ ─ ה ⌐ ∆╢ ↄ ⇔™

▬fiⱨꜝ≤⌂╢ ⅜№╢⁹ 

 

▬fiⱨꜝ─  

─ ╟╡ ≢ ⌂ ─ ─ ⁸GPS ⁸

⁸ⱴ◓ⱴ∞╕╡─ ╛ GPS─ ⅛⌂™ ─ ⌂≥ ה

⌐ ╦╢ ⌂≥⅜№╢⁹ 

 

ⱪ꜠▬ꜘכ ♦Ᵽ▬☻⁸ ⌂ ⁸ ─ⱪ꜠▬ꜘכ ─

─ ה  

 

 

⁸ (NICT)⁸ ⁸ AIST ⁸⌂

≥⅜ ⇔≡™╢⁹ 

 

 

(JI LA ◖꜡ꜝ꜡ ≤ NIST ─ ⁸

NIST)⁸ 

♪▬♠ PTB)⁸▬♃ꜞ▪ INRiM) ⁸▬◑ꜞ☻

NPL ⁸ⱨꜝfi☻ SYRTE ⁸♪▬♠Ɫ▬fiꜞⱥהⱢ

▬Ⱡ HHU) ⁸ⱳכꜝfi♪♩ꜟfi ⁸EU LENS ⁸EU 

Quantum Technology Flagship -iqClock  Project⁸꜡◦▪ (VNIIMS) ⁸

꜡◦▪ ה VNIIFTRI) ⁸ 

NIM ⁸ ECNU ⁸ 

KRISS ⌂≥⅜ ⇔≡™╢⁹ 
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 ∕─ ─ ☿fi◦fi◓  

 

 ∕─  

(superconducting quantum interference device SQUID) ⁸
⁸ⱨ◊ⱡfi☿fi◦fi◓ ∕─ ☿fi◦fi◓♦Ᵽ▬☻╩ ⇔√ ה

☿fi◦fi◓⁹  

 

ה  

(SQUID)  

☺ꜛ☿ⱨ♁fi ╩ ╗ ≢⁸ ╘≡ ™ ─ ⌐ ™╠╣╢

⌐ ─ ™ ☿fi◘─ ≢№╢⁹SQUID │ ⅛↑≡ ⇔⌂⅜╠ ∆╣

┌⁸5aT(5×10ĭ18T)╙─ ™ ╙ ≢⅝╢╒≥─ ≢№╢⁹ 

 

 

☻Ⱨfi─ ₈ ₉│⁸ ☻Ⱨfi ─ ╩ ∆╢⁹ ☻Ⱨfi─

─ⱴ▬◒꜡ ╩ ∆╢↓≤⌐╟╡⁸ ☻Ⱨfi─ ╩ ≢⅝╢♩ꜞⱪ

꜠♇♩ DNP(Dynamic Nuclear Polarization) ⅜ ↕╣√⁹↓╣⌐╟╡ ╛

▬ⱷכ☺fi◓─ ╩ ⌐∆╢↓≤⅜ ≤⌂∫√⁹ ╟╡

≢ ─ ⅜ ™⁹ ─ ≤ⱴ▬◒꜡ ⌐╟╡ ☻Ⱨfi≤

☻Ⱨfi─ ⅜ ∆╢⁹ 

 

ⱨ◊ⱡfi☿fi◦fi◓  

⌂ⱨ◊ⱡfi ≢№╢⁹ⱨ◊ⱡfiⱣfi♪ ─ ⅜ ⌂ⱨ◊ⱡ

♬♇◒ ╩ ™≡⁸ ⌐╟╢ⱨ◊ⱡfiⱤꜟ☻─ ╩ ∆╢⁹ 

 

ה  

(SQUID)  

 │ Nb ╕√│ Al  SQUID ⁹ ─√╘

╩ ™√ SQUID ⅜ ≢№╢⁹ SQUID ⌐│⁸Ᵽ▬◒ꜞ☻

♃ꜟ ⁸ꜝfiⱪ◄♇☺ ⌂≥⅜№╢⁹ 

 

 

 Ɑfi♃☿fi╩ ™√ DNP (♩ꜞⱪ꜠♇♩ DNP) כ◙כ꜠⁸ ⁸ ⌂≥≢

↕╣╢⁹ 

 

ⱨ◊ⱡfi☿fi◦fi◓  

 ⌐⅔™≡◑●Ⱬꜟ♠ 109 Hz ≢ ∆╢ ♫ⱡⱷכ◔☻ꜟ♩כꜟ─

╩ ∆╢≤⁸ⱨ◊ⱡfi╩ 1 ─ ≢ 10-17m ─כ♄כ○─ ≢⅝

╢⅜⁸∕╣╩ ⌐ ∆╢↓≤≢ ⇔™ ╛ ⅜ ⅜╢≤ ⅎ╠╣≡™╢⁹ⱨ◊

ⱡ♬♇◒ │⁸GaAs/Al0.27Ga0.73As/n -GaAsⱫ♥꜡ ╛ Si/SiO 2/Si

─ ◦ꜞfi♄ ╩ ∆╢ MEMS ⌐╟∫≡ ↕╣╢⁹ 
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(SQUID)  

─ ─ ≤ ┌╠≈⅝⌐╟╢ ╡ ⁸◒ꜝ▬○ⱪ꜡כⱩ

⌂≥─ ⅜ ≢№╢⁹ 

≢│ 1Hz ─ ⁸1/f ⅜ ≢№╢⁹ ─

│⁸☺ꜛ☿ⱨ♁fi ─ Ic ─ ╠⅞≤⁸ ⌐♩ꜝ♇ⱪ⇔√ ─ ╠⅞─

≈⅜№╢⁹╕√⁸ ⁸ ─ ⅜ ≢№╢⁹ 

 

 

☻Ⱨfi╩ ⅎ╢ ♩ꜞⱪ꜠♇♩ DNP ─ ⅜ ≢№╢⁹ ⁸

⌂≥╩ ≢ ⇔√─∟ ⇔≡ NMR ╩ 800 ∆╢≤↓╤

╕≢ ⅜ ╪≢™╢⁹ ─ ─ ⅜ ≢№╢⁹ ⁸ ▬ⱷכ☺fi

◓⌐ ⇔≡™ↄ ─ ⅜ ≢№╢⁹ ⌐ ↑≡⁸ⱴ►☻⌐≈™≡MRI

╩♃כ♦ ⇔⁸ⱥ♩ ⌐ⱴ►☻─ ─ ─ ╩ ∆╢↓≤│

╖⁸ ◖☻♩ ─ ⁸NMR ◦☻♥ⱶ╛ MRI ┼─ ⅜ ≢№╢⁹ 
 

ⱨ◊ⱡfi☿fi◦fi◓  

ⱨ◊ⱡ♬♇◒ (<26nm)⁸ ⌂ⱨ◊ⱡfi ─ ⅜ ≢№╢⁹ 

 

 

(SQUID)  

☿fi◘(5×10Ӈ18 T)⁸ ⁸MRI⁸ ⁸ ⌂≥─ ⅜№

╢⁹ 

SQUID ─ ╘≡ ™ │⁸ ⌐⅔↑╢ ↑⌐ ≢№╢⁹ ⅎ┌

(MEG Magnetoencephalography │ SQUID ▪꜠▬╩ ™≡ fi꜡כꜙ♬─

⌐≈™≡ ╩ ℮⁹SQUID │ ⅛╠ ∑╠╣╢ ╙ ™ (kHz)╟╡╙

∏∫≤ ↄ ╩ ⅎ╢─≢⁸ ⌂ ╩ ≈ ╩ ≢⅝╢⁹ 

 

 

NMR/MRI( 1000 )⁸ ⁸ ⌂≥─ ⅜№╢⁹

╩ ╖⁹ 

 

ⱨ◊ⱡfi☿fi◦fi◓  

╛ ╩ ╗ ⱨ◊ⱡfi │⁸ ⁸כ♫♁⁸ ─

⌂≥ ₁⌂ ≢ ה ↕╣≡™╢⁹↓─╟℮⌂ⱨ◊ⱡfi╩ ™√☿fi◦fi

◓─ ⌂╢ ─√╘⌐│⁸ ה ─ ⅜ ≢№╢⁹∕─

╩ ⇔√ ⌂ⱨ◊ⱡfi │⁸ⱨ◊ⱡfiⱣfi♪ ─ ⅜ ⌂

ⱨ◊ⱡ♬♇◒ ╩ ⇔√⁹ ◄Ⱡꜟ◑כⱢכⱬ☻♃(3.6W/mK)┼─

╙№╢⁹ 

2021 4 16 ⁸Ɽ♫♁♬♇◒│ ⌂ Si ◦ꜞ◖fi ─ ╩ ∆
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╩ ⅝ↄ ╢↓≤⅜≢⅝╢₈ⱨ◊ⱡ♬♇◒ ₉╩ Si ►◄Ɫכ ⌐

⌂ ≢ ⇔⁸♦Ᵽ▬☻ ╩ ⌐ ↕∑╢ ╩ ⇔√≤

⇔√⁹ ☿fi◘─ ⌐ ⇔√ ⁸ ⅛╠─ ─ ╣╩ 10

─ 1⌐ ⇔⁸ ─ Si ⱬכ☻─ ☿fi◘⌐ ═≡ 10 ─ ⅜

⌐⌂╢≤™℮ ⌂ ≢№╢⁹ 

 

ⱪ꜠▬ꜘכ ♦Ᵽ▬☻⁸ ⌂ ⁸ ─ⱪ꜠▬ꜘכ ─

─ ה  

 

< > 

(SQUID)  

⁸AIST⁸ ⁸ ⁸ ⁸ ☿fi

◘♥◒ⱡ꜡☺פֿכ⌂≥⅜ ⁸JOGMEC ⱪ꜡☺▼◒♩⅜ ⇔≡™╢⁹ 

 

⁸ ⁸ ⁸ ⁸ (QST)⁸

ה ⱨꜝ♇◓◦♇ⱪⱪ꜡◓ꜝⱶ(Q-LEAP)⌂≥⅜ ⇔≡™╢⁹ 

ⱨ◊ⱡfi☿fi◦fi◓  

⁸ ( )⁸Ɽ♫♁♬♇◒⌂≥⅜ ⇔≡™╢⁹ 

 

< > 

(SQUID)  

IBM⁸North Grumman ⁸MIT⁸Quantum Design ⁸CSIRO ▪ꜞꜝ♩☻כ○ ⁸

⁸ ⌂≥⅜ ⁸PTTEP(♃▬ )⁸◦ꜙꜟfiⱬꜟ☺▼⁸

Ɑ♩꜡꜠▪ⱶ☺○◘כⱦ☻⌂≥⅜ ⇔≡™╢⁹ 

 

MIT ⁸California Univ. ⁸Goethe Univ. Russia Academy of Science ⁸Swiss 

Federal Institute of Technology Science ⁸▬☻ꜝ◄ꜟWeizmann Institute of Science 

Research Circle Technology⁸ ○ꜝfi♄ה♦ꜟⱨ♩ QuTech ⁸♪▬♠ ►ꜟ

ⱶ ⁸NVision Imaging Tech ♩fi꜡♩ה♄♫◌⁸ ⱷꜟⱲꜟfi ▪ꜞꜝ♩☻כ○⁸

⁸ ₈Quantum Technology Flagship ⅜≤⌂MetaboliQs₉כ ⇔≡™╢⁹ 

ⱨ◊ⱡfi☿fi◦fi◓  

Ⱬfiכ▪ ♠▬♪ (RWTH)⁸  Ᵽכ☻ ⁸  ♪꜠◒☿ꜟ ⁸ⱨꜝ

fi☻ Centre national de la recherche scientifique ( CNRS)⁸

(ONERA)  ⌂≥⅜ ⇔≡™╢⁹ 
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 ─  

◓fi◦fi☿ה ╩ ⇔≡ ∆╢√╘⌐⁸ 1-5-1 ⌐ ⇔√ 4 ≈─

─ ─ ╩ ⌐╕≤╘√⁹ 

◓fi◦fi☿ה ─ ה ┘ │ ⌐╦√∫≡⅔╡⁸♫ⱡⱷכ♩

ꜟ⅛╠Ⱶꜞⱷכ◔☻≢╕ꜟ♩כꜝⱩꜟ⌐ ≢⅝╢─≢⁸ ╙ DNA⁸ ⁸ ⁸꜠ כ

⁸כ♄ ☿fi◘⁸◄Ⱡꜟ◑כ ⁸ ⌐ ╪≢™╢⁹ 

ⱪ꜠▬ꜘכ│ ◓fi◦fi☿ה ⅜ ⌐ ≢№╢√╘⁸ ╛

⅜╒≤╪≥≢№╢⁹∕─ ≢╙ ─ ⅜ ↄ⁸∕╣∙╣─

◓fi◦fi☿ה ─ ⌐ ⌐ ╡ ╪≢™╢↓≤⅜ ⅛╢⁹ 

│⁸ ─ ⁸ ⁸ ⁸ ◖☻♩ ⅜№

→╠╣≡™╢⁹ 

 

1- 5- 1 4≈─ ─ ─   

 

 

  

(5 10 T)
MRI

NMR MRI

OCT

/ /
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TMR
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/OCT

/
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/
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TMR

OCT
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◓fi◦fi☿ה   

◓fi◦fi☿ה     │⁸ ─╙╤↕╩ ⌐≤╡ ─ ╩ ⇔

≡⁸ ─☿fi◘≢│ ≢⅝⌂™ ≤ ╩ ∆╢☿fi◘ ≢№╢⁹↓─ │⁸

ה ─ ⌐╟╢ ⁸ ─ ⌂ ─ ⌐ ∆╢↓≤⅜

↕╣≡™╢⁹ ☿fi◘⌐│⁸ ⁸ ⁸ ⁸ ⁸▬ⱷכ☺fi◓⁸ ☿fi◘⌂

≥⁸ ≈⅛─ ⅜№╢⁹↓╣╠─ ─ ╩ ╠⅛⌐⇔⁸ ◓fi◦fi☿ה ─

─ ╩ ∆╢⁹ 

 

  

◓fi◦fi☿ה ⌐ ∆╢ ─ ≈─ ╩ ≤⇔≡⁸ ─

⁸ ─ ╩ ∫√⁹ 

≤⌂╢₈ ☿fi◘₉₈ ╙≈╣ ☿fi◘₉₈ ₉₈ ☿fi◘₉

₈ ₉⌐≈™≡│⁸ ≢ ⅜ ↕╣≡™⌂™⁹╟∫≡⁸ ∆╢

≤⇔≡⁸₈ ☿fi◘₉⁸₈ ☿fi◘₉⁸₈ ₉─ ≈─ ╩ ⇔√⁹ 

 

2- 1- ◓fi◦fi☿ה 1  

    

 

 

 

 

 

 

 

 

 

 

 

 

  

 NV

 

ṕTMRṖ 

 

  

 

 

 

ṕ

OCT

Ṗ 

ṕTES

SSPDṖ 

 

 

 

ṕ

Ṗ ṕSQUIDṖ 

  

 

 

 

 

ṕ Ṗ 

Ṉ  

 

Ṉ Ṉ   Ṉ 

 

  

☻כ♁ⱪfiכ○⁸│ ─ ꜠ⱳכ♩ ╩ ╗ ⅛╠─ ≤⁸▪♪Ᵽ▬◙

┘ ┼─ⱥ▪ꜞfi◓⌐╟╡ ∫√⁹ ⌐≈™≡│ ⌐ ∂≡ ─

╩☻כ♁ ∆╢≤≤╙⌐⁸ ⌐ ╦╢ⱪ꜠כꜘכ─ⱱכⱶⱭכ☺ ╩

⇔≡ ה ⌂ ╩ ⇔√⁹ │⁸ ꜠ⱳכ♩⌐╟∫≡ ⅜ ⌂

⁸╘√╢№╙☻כ◔╢ ∫√ ⌐⌂╠⌂™╟℮⁸ ─ ╩ ⇔≡™╢⁹ ⅜

↕╣≡™⌂™╙─⌐≈™≡│⁸ ⌂ ≢ ╩ ∫√⁹ ⌐│₈

 ─ ₉─ ≢ ↕╣√ ♩♇◕כ♃─ ╩ ⇔⁸ ∆╢ ╛ ≤

─ ╩ ™ ─ ╩ ⇔√⁹  
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◓fi◦fi☿ה   

≤⌂╢₈ ☿fi◘₉₈ ╙≈╣ ☿fi◘₉₈ ₉₈ ☿fi◘₉

₈ ₉⌐≈™≡│⁸ ≢ ⅜ ↕╣≡™⌂™⁹╟∫≡⁸ ∆╢

≤⇔≡⁸ ☻Ⱨfi☿fi◘╩ ╗₈ ☿fi◘₉⁸ⱨ□▬Ᵽכ○ⱪ♥▫◒☺ꜗ▬꜡ Fiber 

Optic Gyroscope FOG╛AI☺ꜗ▬꜡ ▬꜡Ⱪה♪─ ╩ ™√ Atom Interferometry 

Gyroscope:AI gyro ╩ ╗₈ ☿fi◘₉⁸ ╩ ╗₈ ₉─ ≈─

╩ ∆╢↓≤⌐╟╡⁸ 2- 1- 1≢ ⇔√ ─ ─ ─ ╩ ⇔√⁹ 

↓─ ⌐◓fi◦fi☿ה ∆╢ ─ ה ╩ 2- 2- 1⌐ ∆⁹

≤⇔≡│⁸2020 246.5MUS$⅛╠ 2031 463.6MUS$≤⌂∫≡⅔╡⁸CAGR15.9

≤ ™ ⅜ ↕╣≡™╢⁹ ─ ≢╙ ☿fi◘⁸ ☿fi◘⁸ │

⅜ 1.7 ⅛╠ 1.9 ≤⌂╡⁸∕╣∙╣ ⅜ ↕╣≡™╢↓≤⅜ ⅛╢⁹ 

 

2- 2- ⌐◓fi◦fi☿ה 1 ∆╢ ─ ה  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Persistence Market Research  ₈Quantum Sensors Market Global Industry Analysis 2016 ð 2020  

and Opportunity Assessment 2021 ð 2031₉╩ ⌐ ⅜  
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 ☿fi◘  

☿fi◘ ─ ה ╩ 2- 2- 2⌐ ∆⁹2020 91. 7MUS$⅛

╠ 2031 164.1MUS$≤⌂∫≡⅔╡⁸CAGR16. 3 ≤ ™ ⅜ ↕╣≡⅔╡ ⅜

↕╣≡™╢↓≤⅜ ⅛╢⁹ 

 

2- 2- 2 ☿fi◘ ─ ה  

 

 

 

 

 

 

 

 

 

 

 

 

Persistence Market Research  ₈Quantum Sensors Market Global Industry Analysis 2016 ð 2020  

and Opportunity Assessment 2021 ð 2031₉╩ ⌐ ⅜  

 

☿fi◘ ─ ה ╩ 2- 2- 3⌐ ∆⁹≥─ ≢╙ ₁

⇔⁸꞉כꜟ♪꞉▬♪≢ ⇔≡™ↄ≤ ↕╣≡™╢⁹ 

 

2- 2- 3 ☿fi◘ ─ ה  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Persistence Market Research  ₈Quantum Sensors Market Global Industry Analysis 2016 ð 2020  

and Opportunity Assessment 2021 ð 2031₉╩ ⌐ ⅜  
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☿fi◘ ─ 2020 2031ה ╩ 2- 2- 4⌐ ∆⁹2020

⌐ ⇔ 2031 ≢│⁸ ▪☺▪⅜ 3 ╒≥ ⅎ╢≤ ↕╣≡™╢⁹ 

 

2- 2- 4 ☿fi◘ ─ 2020 2031ה  

 

 

 

 

 

 

 

 

 

 

 

 

 

Persistence Market Research  ₈Quantum Sensors Market Global Industry Analysis 2016 ð 2020  

and Opportunity Assessment 2021 ð 2031₉╩ ⌐ ⅜  
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 ☿fi◘  

☿fi◘ ─ ה ╩ 2- 2- 5 ⌐ ∆⁹2020 82. 4MUS$⅛╠

2031 156.6MUS$≤⌂∫≡⅔╡⁸CAGR17. 3 ≤ ™ ⅜ ↕╣≡⅔╡ ⅜

↕╣≡™╢↓≤⅜ ⅛╢⁹ 

 

2- 2- 5 ☿fi◘ ─ ה  

 

 

 

 

 

 

 

 

 

 

 

 

Persistence Market Research  ₈Quantum Sensors Market Global Industry Analysis 2016 ð 2020  

and Opportunity Assessment 2021 ð 2031₉╩ ⌐ ⅜  

 

☿fi◘ ─ ה ╩ 2- 2- 6⌐ ∆⁹≥─ ≢╙ ₁

⇔⁸꞉כꜟ♪꞉▬♪≢ ⇔≡™ↄ≤ ↕╣≡™╢⁹ 

 

2- 2- 6 ☿fi◘ ─ ה  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Persistence Market Research  ₈Quantum Sensors Market Global Industry Analysis 2016 ð 2020  

and Opportunity Assessment 2021 ð 2031₉╩ ⌐ ⅜  
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☿fi◘ ─ 2020 2031ה ╩ 2- 2- 7⌐ ∆⁹2020

⌐ ⇔ 2031 ≢│⁸ ▪☺▪⅜ 5 ╒≥ ⅎ╢≤ ↕╣≡™╢⁹ 

 

2- 2- 7 ☿fi◘ ─ 2020 2031ה  

 

 

 

 

 

 

 

 

 

 

 

 

 

Persistence Market Research  ₈Quantum Sensors Market Global Industry Analysis 2016 ð 2020  

and Opportunity Assessment 2021 ð 2031₉╩ ⌐ ⅜  
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─ ה ╩ 2- 2- 8⌐ ∆⁹2020 72. 4MUS$⅛╠ 2031

142.9MUS$≤⌂∫≡⅔╡⁸CAGR17. 9 ≤ ™ ⅜ ↕╣≡⅔╡ ⅜ ↕╣

≡™╢↓≤⅜ ⅛╢⁹ 

 

2- 2- 8 ─ ה  

 

 

 

 

 

 

 

 

 

 

 

 

Persistence Market Research  ₈Quantum Sensors Market Global Industry Analysis 2016 ð 2020  

and Opportunity Assessment 2021 ð 2031₉╩ ⌐ ⅜  

 

─ ה ╩ 2- 2- 9⌐ ∆⁹≥─ ≢╙ ₁

⇔⁸꞉כꜟ♪꞉▬♪≢ ⇔≡™ↄ≤ ↕╣≡™╢⁹ 

 

2- 2- 9 ─ ה  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Persistence Market Research  ₈Quantum Sensors Market Global Industry Analysis 2016 ð 2020  

and Opportunity Assessment 2021 ð 2031₉╩ ⌐ ⅜  
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─ 2020 2031ה ╩ 2- 2- 10⌐ ∆⁹2020

⌐ ⇔ 2031 ≢│⁸ ▪☺▪⅜ 3 ⁸ ▪☺▪⅜ 4 ⅎ╢≤ ↕╣≡™╢⁹ 

 

2- 2- 10 ─ 2020 2031ה  

 

 

 

 

 

 

 

 

 

 

 

 

 

Persistence Market Research  ₈Quantum Sensors Market Global Industry Analysis 2016 ð 2020  

and Opportunity Assessment 2021 ð 2031₉╩ ⌐ ⅜  
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 ⌐ ∆╢  

☿fi◦fi◓ ─ ⅜ ↕╣╢ ─ ╩ ∆╢═ↄ⁸ ─ ☿

fi◦fi◓ ⌐ ⇔⌂™ ╩ ≤⇔≡ ∆╢⁹ 

≤⇔√ ≤ ⌐ ∆╢ ⅜№╢ ☿fi◦fi◓ ╩ ⌐ ∆⁹ 

 

ה           ☿fi◘ 

☻Ⱨfi♩꜡♬◒☻☿fi◘ TMR ☿fi◘   

SQUID 

ה  ⸗♬♃ꜞfi◓    ☿fi◘ 

◘ⱬ☻♩   ☻Ⱨfi♩꜡♬◒☻☿fiכⱢכ☺♫◄ה  ☻Ⱨfi ☿fi◘  

ה          ╙≈╣ ☿fi◘ 

ה         ╙≈╣ ☿fi◘ 

ה  ◌ⱷꜝ ╣≈╙   כ♄כ꜠ ☿fi◘ 

 ◘fi      ☿fiꜛ◦כ◕ⱦ♫ה 

    

  

≢│ ≢ ↕╣╢ ⅛╠⁸ ─ ─ ╩ ∆╢⁹

☿fi◘╛ ☻Ⱨfi♩꜡♬◒☻☿fi◘╩ ⇔√ │╕∞ ↕╣≡™⌂™⅜⁸

⌂ ≤⇔≡ ⌐⅔↑╢ ─ ⸗♬♃⅜№╢⁹ 

2021 3 ⱱfi♄╟╡ ─ ꜠ⱬꜟ 3─ ╩ ↑√ ─ ⅜

↕╣√⁹ ─꜠ⱬꜟ 3 │⁸ ─ ─ ⌂ ≤⇔≡♪ꜝ▬Ᵽ─

⸗♬♃ꜞfi◓⅜ ↑╠╣≡™╢⁹ ꜠ⱬꜟ 3 ─ ≤

╩ 2- 3- 1⌐ ∆⁹↓─╟℮⌐ ꜠ⱬꜟ 3 ─ ─ │ 2035 ⌐ ≢ 2, 000

╩ ⅎ╢≤ ↕╣≡™╢⁹ 

 

2- 3- 1 ꜠ⱬꜟ 3 ─ ≤  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

◐ⱷꜝ  ₈2019 AIה כ◌ ─ ₉╟╡ ◔Ⱶ◌ꜟꜞ◘כ♅⅜◓ꜝⱨ╩  
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♪ꜝ▬Ᵽ⸗♬♃ꜞfi◓◦☻♥ⱶ─ ≤ ╩ 2- 3- 2⌐ ∆⁹ ─

꜠ⱬꜟ 3 ≢│⁸ ─ ╩ ∆╢♪ꜝ▬Ᵽ⸗♬♃ꜞfi◓◦☻♥ⱶ─ ┼─ │

≢ ↑╠╣≡⅔╡⁸ ─ ⌐ ™⁸♪ꜝ▬Ᵽ⸗♬♃ꜞfi◓◦☻♥ⱶ─

╙ ∆╢≤ ⅎ╠╣╢⁹2035 ⌐│ 73, 000 ◦☻♥ⱶ ≤⌂╢≤ ↕╣≡™╢⁹ 

 

2- 3- 2 ♪ꜝ▬Ᵽ⸗♬♃ꜞfi◓◦☻♥ⱶ─ ≤  

 

 

 

 

 

 

 

 

 

 

 

 

 

◐ⱷꜝ  ₈2019 AIה כ◌ ─ ₉╟╡ ◔Ⱶ◌ꜟꜞ◘כ♅⅜◓ꜝⱨ╩  

 

☿fi◘─ ≤ ╩ 2- 3- 3⌐ ∆⁹♪ꜝ▬Ᵽ⸗♬♃ꜞfi◓│⁸

─ ╩ ∆╢◌ⱷꜝ ⅜№╢⅜⁸ │♪ꜝ▬Ᵽ─ ╩ ≢⅝╢ ☿fi◘

⅜ ≤⌂╢≤ ╦╣╢⁹ ☿fi◘─ │ 2030 ⌐ ∆╢≤ ⅎ╠╣≡™

╢⁹ 

 

2- 3- 3 ☿fi◘─ ≤  

 

 

 

 

 

 

 

 

 

 

 

 

 

◐ⱷꜝ  ₈2019 AIה כ◌ ─ ₉╟╡ ◔Ⱶ◌ꜟꜞ◘כ♅⅜◓ꜝⱨ╩  
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☿fi◘ ≢│⁸ ─☿fi◘╩ ⌐ ╡ ↑ ╛ ⁸ ⌂≥╩ ⁸

╩ ∆╢ ╩ Faurecia ⱨꜝfi☻ ⅜ ⇔≡™╢⁹╕√⁸▪ꜟⱪ☻ │♪▬♠─

ⱷכ◌כ≤ ≢⁸ ☿fi◘⸗☺ꜙכꜟ╩ ⇔≡™╢⁹↓╣│ ☿

fi◘⁸●☻☿fi◘⁸ ☿fi◘╛♪ꜝ▬Ᵽ─ ≤ ≢⁸ ╩ꜟכ◖ꜟ▪╛ ∆╢╙

─≢№╢⁹ 

⇔⅛⇔⌂⅜╠⁸ ☿fi◘╛☻Ⱨfi♩꜡♬◒☻⅜ ⇔≡™╢ │ ─ ⅛╠

─ ╩ ⌐ ≢⅝╢╙─≢№╡⁸♪ꜝ▬Ᵽ─ ─ ╩ꜞ▪ꜟ♃▬ⱶ⌐⸗♬♃∆

╢↓≤≢⁸ ─ ╛∕─ ─ ╩ ⇔⁸ ╩ ∆⌂≥─ ╖⅜ ╣╢⁹

≢⅝╣┌ ─ №╢™│ ─ ⌐ ⇔⁸ ⌐♪ꜝ▬Ᵽ─ ─ ─ ⅜

∆≤ ╦╣⁸2030 ⌐ ∆╢ ⅜ ™⁹ 
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 ⸗♬♃ꜞfi◓ 

☿fi◘─ ─ ≈≤⇔≡⁸◄Ⱡꜟ◑כ ⅜№╢⁹ ⌂ ≤

⇔≡│⁸ ─ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹↓─ ╩ ⇔≡ │⁸

≤ ≢ EV ╩⸗♬♃ꜞfi◓∆╢ ╩ ⇔⁸EV─ ╩ 10

≢⅝╢ ╩ ⇔≡™╢↓≤⅛╠⁸ ☿fi◘⌐≤∫≡ ⸗♬♃ꜞfi◓ │

⌂ ─ ≈≢№╢⁹ 

⸗♬♃ꜞfi◓─ ≤ ╩ 2- 3- 4⌐ ∆⁹ ⸗♬♃ꜞfi◓◦☻♥

ⱶ─ │ 2017 ⅛╠ 2022 ⌐⅛↑≡ 18.23 ─ ≢ ∆╢

≤ ╕╣≡™╢⁹2015 17 8, 420 ♪ꜟ⅛╠⁸2022 ⌐│ 54 7,260 ♪ꜟ⌐ ⇔

CAGR│ 18.2 ≤ ↕╣⁸ ™ ⅜ ╕╣≡™╢⁹ 

 

2- 3- 4 ⸗♬♃ꜞfi◓─ ≤  

 

 

 

 

 

 

 

 

 

 

 

 

 

Markets&Markets ₈BATTERY MONITORING SYSTEM MARKET -  GLOBAL FORECAST TO 2022₉╩ ⌐  

⅜  
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⸗♬♃ꜞfi◓─▪ⱪꜞ◔כ◦ꜛfi ≤ ╩⁸ 2- 3- 5⌐ ∆⁹▪

ⱪꜞ◔כ◦ꜛfi ≢│ Telecommunications ⁸Enegy ▬fiⱨꜝ◄Ⱡꜟ◑כ ⁸

Automotive ⁸Industries ⌂≥≢∕╣∙╣⁸ ™ ⅜ ↕╣≡™╢⁹◄

Ⱡꜟ◑כ ╩ ╘╢√╘↓─ │ ↕╣≡⅔╡⁸ ≢№╢↓≤⅜ ⅛╢⁹ 

 

2- 3- 5 ⸗♬♃ꜞfi◓─▪ⱪꜞ◔כ◦ꜛfi ≤  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Markets&Markets ₈BATTERY MONITORING SYSTEM MARKET -  GLOBAL FORECAST TO 2022₉╩ ⌐  

⅜  
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 ♩☻ⱬכⱢכ☺♫◄ 

☻Ⱨfi♩꜡♬◒☻☿fi◘─☻Ⱨfi ≢№╢☻Ⱨfi♀כⱬ♇◒ │⁸

≤ ─ ∞↑≢ ↕╣⁸ ─ ╩ ↄ∆╢≤⁸↓╣⌐ ⇔≡ ╡ ⇔

⅜ ⇔⁸◦fiⱪꜟ⌂ ≢ ⅜ⱪ♇▪ꜟכ◔☻⌐ ≢№╢↓≤⅜ ≢№╢⁹↓─

─♩☻ⱬכⱢכ☺♫◄╢⅝≢⅜≥↓∆⅛™╩ ≤⇔≡ ꜟכꜙ☺⸗ ─

≤ ╩ 2- 3- 6⌐ ∆⁹COVID- 19─ ⌐╟╡ 2020 │ ⅜ ⇔≡

™╢⅜⁸2021 ⅛╠ ┘ │ ⇔⁸2021 ⅛╠ 2026 ─ ≢│ CAGR8.0≢ ∆

╢≤ ↕╣≡™╢⁹ 

 

2- 3- ─ꜟכꜙ☺⸗ 6 ≤  

 

 

 

 

 

 

 

 

 

 

 

Markets&Markets ₈THERMOELECTRIC MODULES MARKET WITH COVID- 19 IMPACT ANALYSIS  

-  GLOBAL FORECAST TO 2026₉╩ ⌐ ⅜  

 

fiꜛ◦כ◔ꜞⱪ▪─ꜟכꜙ☺⸗ ≤ ╩ 2- 3- 7⌐ ∆⁹

▪ⱪꜞ◔כ◦ꜛfi≢ ⅜ ↕╣≡⅔╡⁸ ⌐ Automotive ≢│ 2021 ⅛╠ 2026

─ CAGR⅜ 11.4 ≤ ╙ ™⁹  

◦fiⱪꜟ⌂ ─ⱪ♇▪ꜟכ◔☻≢ ⅜№╢ ☻Ⱨfi♩꜡♬◒☻☿fi◘│⁸

≤ ⅜ ╘┌ ≤⇔≡─ ⅜№╢⁹ 
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2- 3- fiꜛ◦כ◔ꜞⱪ▪─ꜟכꜙ☺⸗ 7 ≤  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Markets&Markets ₈THERMOELECTRIC MODULES MARKET WITH COVID- 19 IMPACT ANALYSIS  

-  GLOBAL FORECAST TO 2026₉╩ ⌐ ⅜  
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╙≈╣ ☿fi◘─ ─ ≈≤⇔≡ ⅜ →╠╣≡™╢⅜⁸∕─

≤ ╩ 2- 3- 8⌐ ∆⁹2021 ⅛╠ 2026 ─ CAGR│ 15.1 ≤ ™ ⅜

╕╣≡™╢⁹ 

 

2- 3- 8 ─ ≤  

 

 

 

 

 

 

 

 

 

 

 

 

Markets&Markets ₈SINGLE CELL ANALYSIS MARKET -  GLOBAL FORECAST TO 2026₉╩ ⌐ ⅜ 

 

 

─ ≤ ╩ 2- 3- 9⌐ ∆⁹ ╙≈╣ ☿fi◘─

≤⇔≡│⁸Microscopy ⅜№╢⁹2021 ≢│ 270 US$─ ─ ≢

№╢⅜⁸2026 ⌐│ 450.8 US$⌐ ∆╢≤ ↕╣≡™╢⁹  

 

2- 3- 9 ─ ≤  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Markets&Markets ₈SINGLE CELL ANALYSIS MARKET -  GLOBAL FORECAST TO 2026₉╩ ⌐ ⅜ 
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כ◙כ꜠─ │⁸ ─ ╙ ╩כ◙כ꜠™╢ ™╢√╘⁸ⱥ♩ ─

╟℮⌐ ╣╛∆™ ⌐ ╩ ⅎ≡⇔╕℮⅜⁸꜠כ◙כ╩ ∆╢ ─₈ ╙≈

╣₉╩ כ◙כ꜠≢≥↓╢™ ╩ →╢↓≤⌂ↄⱡ▬☼╩ ≢⅝⁸↓─ ─ ⅜

≤⌂╢⁹ 2- 3- 9≢ ⇔√╟℮⌐ ─Microscopy │ ∆╢↓≤⅛

╠⁸ ₈ ╙≈╣₉╩ ™√ ─ ╙ ∆╢↓≤⅜ ≢⅝╢⁹ 

 

  

╙≈╣ ╩ ⇔≡⁸ ╩ ╗ 1.5ɡm ─ ⁸

⅜≢⅝╢⁹◖fiⱤ◒♩≢ ⌂ ─ ⌐╟╡⁸ ⁸

⁸●♁ꜞfi ─○◒♃fi ⁸ ⸗♬♃ꜞfi◓⁸☿◐ꜙꜞ♥▫ ₁⌂ ┼

─ ⅜ ↕╣≡™╢⁹ 

─ ≤ ╩ 2- 3- 10⌐ ∆⁹ │ 2019 ⌐ 10.3

US$─ ⅜№╡⁸2025 ╕≢⌐ 13.2 US$⌐ ∆╢≤ ↕╣⁸2020 ⅛╠ 2025 ⌐

⅛↑≡ 4.10 ─ CAGR≢ ∆╢≤ ╕╣≡™╢⁹ 

 

2- 3- 10 ─ ≤  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Markets&Markets ₈IR SPECTROSCOPY MARKET -  GLOBAL FORECAST TO 2025₉╩ ⌐ ⅜  
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 ◌ⱷꜝ  כ♄כ꜠

☿fi◘─ ─ ≈≤⌂╢ ⅜№╢ ◌ⱷꜝ ─כ♄כ꜠ ≤

╩ 2- 3- 11⌐ ∆⁹ ─ ⅜ ╗≤⁸ ◌ⱷꜝ ─כ♄כ꜠ ⅜ ∆

╢↓≤⅜ ⅛╢⁹ 

 

2- 3- 11 ◌ⱷꜝ ─כ♄כ꜠ ≤  

 

 

 

 

 

 

 

 

 

 

Markets&Markets ₈AUTOMOTIVE CAMERA AND INTEGRATED RADAR AND CAMERA MARKET -  GLOBAL FORECAST  

TO 2026₉╩ ⌐ ⅜  

 

2- 3- 11─℮∟⁸◌ⱷꜝ≤꜠כ♄כ╩ ⇔√ ─ ╩ 2- 3- 12⌐ ∆⁹ 

  

2- 3- 12 ◌ⱷꜝ≤꜠כ♄כ╩ ⇔√ ─ ≤  

 

 

 

 

 

 

 

 

 

 

 

Markets&Markets ₈AUTOMOTIVE CAMERA AND INTEGRATED RADAR AND CAMERA MARKET -  GLOBAL FORECAST  

TO 2026₉╩ ⌐ ⅜  

 

ADAS Advanced Driver- Assistance S ystems ◦☻♥ⱶ ╛ ⌐⅔™

≡⁸ ─ ⁸ ⁸ ╩ ∆╢√╘⌐◌ⱷꜝ╛꜠כ♄כ ⅜ ↕╣≡™╢⁹

╩ ↕∑╢√╘⌐│ ─ ⅜ ≢⁸↓╣╠─◌ⱷꜝ╛꜠כ♄כ─ ╩ ╖ ╦

∑≡ ╛ ─ ╩ →≡™╢⁹≤↓╤⅜⁸ ╛ ─ ⌐ ⇔≡⁸∕─

╩ ↑╢↓≤⌂ↄ ─ ─ ╩ ∆╢↓≤│ ⇔ↄ ─ ≈≢№╢⁹ ⅎ┌

☻♥꜠○◌ⱷꜝ≢│⁸ ─ ≢─ ─ ⅛╠◌ⱷꜝ≢│ ─ ⅜ ⇔™⁹∕

↓≢⁸ ╩כ♄כ꜠ ╘√ ≥♃כ♦─כ♄כ꜠ ╩ ⇔≡⁸ ─
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─ ╛ ◌ⱷꜝ ⌐ ↑≡ ⅜ ╪≢™╢⁹ 2- 3- 12⌐ ∆

╟℮⌐⁸◌ⱷꜝ≤꜠כ♄כ╩ ⇔√ ─ │ 2026 ⌐ 303 US$⌐⌂╡⁸2021

⅛╠─ CAGR≢│ 22.6 ≤ ™ ┘ ⅜ ↕╣≡⅔╡⁸╟╡ ─ ™ ─כ♄כ꜠

⅜ ↕╣≡™╢⁹ 
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 ♫ⱦ◕כ◦ꜛfi 

☿fi◘│⁸ ⁸ ⁸ / ─ ≈─ ⅜ ≢№

╢⁹ ☿fi◘│ 2- 3- 13⌐ ∆╟℮⌐⁸GPS─ ⅎ⌂™ ─ ⅛⌂™ ≢─ GPS

╩ ≢⅝╢─⅜ ≢№╢⁹ 

 

2- 3- 13 ☿fi◘─  

 

 

 

 

 

 

 

 

3 11 ₈ ≡™≈⌐fiꜛ◦כⱡⱬ▬ה ∆╢☻♃

⅜ ⱪכꜟ◓▫♦ ↄ ─ ₉ 

 

☿fi◘│⁸ ╩ ∆╢ GPS ─ GNSS⅜╒≤╪≥ ≢⅝⌂™

AUV Autonomous Underwater Vehicle ⌐ ∆╢↓≤⅜ ≢№╢⁹↓╣⌐╟╡⁸

₈ ─ ₉⁸₈ ╩ ™√ ⌐⅔↑╢ ₉ ⅜ ≢⅝

╢⁹ ─◖fiⱳכⱠfi♩ ≤ ╩ 2- 3- 14 ⌐ ∆⁹

Navigation ─ │ 2026 ⌐ 1,051 US$⌐⌂╢≤ ↕╣⁸ ⅜ ╕╣≡™

╢⁹  

 

2- 3- 14 ─◖fiⱳכⱠfi♩ ≤  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Markets&Markets ₈AUTONOMOUS SHIPS MARKET -  GLOBAL FORECAST TO 2030₉╩ ⌐ ⅜  
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 ⌐ ∆╢ ╕≤╘  

≢ ╡ →√▪ⱪꜞ◔כ◦ꜛfi─ ┘ CAGR╩ 2- 3- 1⌐ ∆╢⁹ 

─ ☿fi◘│╕∞ ⅜ ⇔⌂™─≢⁸ ≤⌂╢≢№╤℮≤ ↕╣╢

─ ≢ ⇔≡™╢⁹™∏╣─ ─ CAGR╙ ⅝ↄ⁸ ⅜ ╕╣ ╙

≢№╢⁹ 

 

2- 3- ◓fi◦fi☿ה 1 ─▪ⱪꜞ◔כ◦ꜛfi─ ┘ CAGR 
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┘ ה ⌐⅔↑╢ ⌐◓fi◦fi☿ה ╦╢ ⁸ ╛

─ ╩ ⌐ ∆⁹ 

 

 ─  

1995 ⌐ ↕╣√₈ ₉╩ ⌐⁸ │₈ ₉╩ ⇔≡™

╢⁹↓╣│⁸ ⅛╠─ ╩ ↑√ כⱡⱬ▬ה 

◦ꜛfi ⌐╟╢⁸10 ╩ ⇔√ 5 ─ ─ ⌐ ∆╢ ─ ⌂

≢№╡⁸5 ↔≤⌐ ╩ ∆╢↓≤⁸ ╩ ℮↓≤⅜ ↕╣≡™╢⁹

╕√⁸ ╩ ╗ ⁸ ⁸ ╩ ∆╢↓≤⅜

↕╣≡⅔╡⁸ ⌐ ∫≡ ⅛≈ ⇔√ ⅜ ↕╣≡™╢⁹ 

 

  

2016 ⌐⁸ ⌐ ↕╣√₈ fiꜛ◦כⱡⱬ▬ה ₉⅜₈ 5

₉ 2016 2020 ╩ ⇔√⅜⁸↓─ ≢│⁸₈ ▬ⱡⱬכ◦ꜛfi

₉⅜⁸₈AI ₉⁸₈Ᵽ▬○ ₉≤ ╪≢ √⌂ ┼─ ─ ≈≤⇔≡

╘≡ ⌐ ↑╠╣≡™╢⁹↓╣│⁸ ⅜ ─ ⌂ ⅜ ⇔≡⅔╡⁸

⌂ ≢ ╩ ⇔ ╩ ╢≤™℮ ─ ⌐ ↕╣√╙─≢№╢⁹2019 2

⌐⁸↓─ ╩ ╗ ▬ⱡⱬכ◦ꜛfi ─ ─√╘⌐⁸ ▬ⱡⱬכ◦ꜛ

fi ─ ⌐⁸ ⌐╟╢ ▬ⱡⱬכ◦ꜛfi ⅜ ⌐ ↕╣√⁹ 

2020 1 ⁸ ▬ⱡⱬכ◦ꜛfi ⅜⁸ ▬ⱡⱬכ◦ꜛfi─ ─√╘

⌐⁸ ─ ☻ⱦ☺Ⱡה ─ ╩ ⅎ≡⁸ ─╖⌂╠∏ ꜛ◦כⱡⱬ▬ה

fi╩ ⌐ ™√ ₈ ▬ⱡⱬכ◦ꜛfi ₉╩ ⇔⁸

⁸ ⁸ fiꜛ◦כⱡⱬ▬ה ⁸ ה ⁸ ─

5 ⌐ ⇔≡ ╡╕≤╘≡™╢⁹↓─ ▬ⱡⱬכ◦ꜛfi ⌐⅔↑╢

≤⇔≡│⁸ᵑ ⁸ᵒ fi◦fi◓⁸ᵓ☿ה ה ⁸ᵔ ⱴ♥

ꜞ▪ꜟ⅜ →╠╣≡™╢⁹ 3- 1- 1⌐ ▬ⱡⱬכ◦ꜛfi ⌐⅔↑╢ ─

─◓fi◦fi☿ה ╩ ∆⁹o ─ fi◦fi◓│⁸☿ה ╩ ∆╢ ה

╩ ⇔ ╢ ≢№╡⁸ ─ ─ ⁸ ─ ⌐╟╢

─ ⁸ ┘ ─ ─√╘⌐⁸ ╘≡ ⌂◖▪ ≤ ⅎ╠╣≡™╢⁹ 
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3- 1- 1 ▬ⱡⱬכ◦ꜛfi ⌐⅔↑╢ ─◓fi◦fi☿ה   

 

▬ⱡⱬכ◦ꜛfi  2020 1 ▬ⱡⱬכ◦ꜛfi  

https://www.kantei.go.jp/jp/singi/tougou - nnovation/pdf/ryoushisenryaku2020.pdf  

 

∕─ ⁸2020 ─ ◖꜡♫ ╙№∫≡ ⅜ כⱷכ◊fi☻ⱨꜝ♩הꜟ♃☺♦⌐

◦ꜛfi DX Digital Transformation ⇔≡™ↄ ≢⁸ ─ ה ⅜

⇔⁸ ♃כ♦─ ה ─ ⌂ ⅜ ╕╣≡⅔╡⁸DX─ ⌐│⁸ ה

⌐ ╣╢ fiꜛ◦כⱷכ◊fi☻ⱨꜝ♩ה QX Quantum Transformation ⅜ ≤

↕╣≡⅝≡™╢⁹№╢═⅝ QX ─ⱦ☺ꜛfi╩ ⅝⁸ ⌐⅔↑╢ QX─ ↑

╩ ⌐⇔≡⁸ ─ ╛ ─ ╡ ╩ ∆═⅝≤─ ⅛

╠⁸₈ ▬ⱡⱬכ◦ꜛfi ₉╩ ⇔ 10≢№╢⁹   

│⁸ ╩ ≡ ▬ⱡⱬכ◦ꜛfi ≢ ⇔╩ ⇔⁸2022 4 ⅛╠

2022 6 ⌐⅛↑≡⁸ ▬ⱡⱬכ◦ꜛfi ⌐⅔™≡ ─ ≢№╢⁹ 

╕√⁸ │⁸₈ 6 fiꜛ◦כⱡⱬ▬ה ₉ 2021 2025

⌐⅔™≡╙⁸ ⁸ ⁸ ⌐ ⅝⌂ ╩╙√╠∆ ╩ ╘√ ⌂ ─

≈≤ ↕╣≡⅔╡⁸ ─ 5 ⌐ ⅎ≡⁸ ה ≢─ ─ ⁸

⌂ ⅛╠ ⌐ ╢ ™ ╩⁸ ─ ╩ ⇔≡ ∆╢≤

⇔≡™╢⁹ 3- 1- 2  

  

 
10 ▬ⱡⱬכ◦ꜛfi ─ ⇔⌐ ↑≡ 2021 10 7  

https://www8.cao.go.jp/cstp/ryoshigijutsu/9kai/siryo1.pdf  
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3- 1- fiꜛ◦כⱡⱬ▬ה 2  

 

fiꜛ◦כⱡⱬ▬ה ⌐≈™≡ 2021 11  

https://www5.cao.go.jp/keizai - shimon/kaigi/special/reform/wg7/20211117/shiryou2_1.pdf  

 

⌂⅔⁸ 6 fiꜛ◦כⱡⱬ▬ה ≢│⁸ 3- 1- 3⌐ ∆╟℮⌐⁸

≤⇔≡⁸ᵑ AI⁸ ╩ ≤∆╢ ─ ™⅜ ⇔≡™╢⁸ᵒ

⌐╟╢ ─ ⌂≥─ ⅜ ⇔≡™╢⁸ɔ IT ⱪꜝ♇♩ⱨ◊כⱴכ⌐╟╢

≤ ⌂ ─ ⅜ ╪≢™╢≤⇔≡⅔╡⁸↓╣╠╩ ╕ⅎ≡⁸ ⅜ ⅜ ∆

₈Society 5.0 11₉╩⁸ ≤ ╩ ⅎ⁸ ─ ה ╩ ⇔⁸ └≤

╡─ ⌂ ∑ well - being ╩ ⇔≡™↓℮≤⇔≡™╢⁹∕⇔≡⁸↓─ ╡ ╖

≤⇔≡⁸ 3- 1- 4⌐ ∆╟℮⌐⁸◘▬Ᵽכ ≤ⱨ▫☺◌ꜟ ─ ⌐╟╢ ≢

⌂ ┼─ ⅜ →╠╣≡™╢⁹ 

↓─ ≢⁸ │⁸ ─♦☺♃ꜟ ⁸Beyond 5G⁸☻Ɽ◖fi⁸ ◦☻♥ⱶ⁸

─ ▬fiⱨꜝ⁸♦ה♃כ AI ─ ה ≤ ╪≢ →

╠╣≡™╢⁹⌂⅔⁸ ⌐≈™≡│⁸ 5 ⅛╠ ⅝ ™≡ ⇔≡™ↄ═⅝

≤⇔≡ ↕╣≡™╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
11 Society 5.0 ◘▬Ᵽכ ≤ⱨ▫☺◌ꜟ ╩ ⌐ ↕∑√◦☻♥ⱶ⌐╟╡⁸ ≤

─ ╩ ∆╢⁸ ─ Society ⁹ 
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3- 1- 3 6 fiꜛ◦כⱡⱬ▬ה ─ⱳ▬fi♩ 

   

 

6 fiꜛ◦כⱡⱬ▬ה  2021 3  

https://www8.cao.go.jp/cstp/kihonkeikaku/6gaiyo.pdf  

 
3- 1- 4 6 fiꜛ◦כⱡⱬ▬ה ─  

 

6 ─ ᵑ ≢ ⌂ ┼─  2021 3  

https://www.kantei.go.jp/jp/singi/ryoshigijutsu_innovation/dai1/siryou2.pdf  

 

  

│⁸ ⅜ ─ ≤⌂╡ ╢ ╩ ⌂╙─⌐⇔≡™ↄ√╘⌐⁸

2017 ⌐₈ ה ─ √⌂ ₉12╩ ⇔⁸ᵑ ⁸

ᵒ fi◦fi◓⁸ɔ☿ה ─כ◙כ꜠ 3 ╩ ≤ ↑≡⁸ √⌂ⱨꜝ♇

◓◦♇ⱪהⱪ꜡☺▼◒♩─₈ ה ⱨꜝ♇◓◦♇ⱪהⱪ꜡◓ꜝⱶ₉ Q- LEAP 2018

2027 ╩ ⇔√⁹Q- LEAP≤│⁸ ה ⌂ ⌐ ⇔⁸ ╩

⇔≡⁸ ⌂ Quantum leap ╩ ∆ ⱪ꜡◓ꜝⱶ≢№∫≡⁸

⌐ ≢ 7 ⅛╠ 9 ─ ╩ ∫≡™╢⁹ 3- 1- 5⌐₈ ה ⱨꜝ♇◓◦♇ⱪה

ⱪ꜡◓ꜝⱶ₉ Q- LEAP ─ ה ┘ 13╩ ∆⁹ 

 
ה 12 ─ √⌂  (2017 8 16 ה (   

https://www.mext.go.jp/component/b_menu/shingi /toushin/__icsFiles/afieldfile/2017/09/12/1394887_1.pdf  
13 ₈ ה ⱨꜝ♇◓◦♇ⱪהⱪ꜡◓ꜝⱶ₉ Q- LEAP ─ ה ┘ 2018 1  

https://www.mext.go.jp/b_menu/shingi/chousa/shinkou/025/gijiroku/__icsFiles/afieldfile/2018/02/28/1401097_13.pd

f  

https://www8.cao.go.jp/cstp/kihonkeikaku/6gaiyo.pdf
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3- 1- ה 5 ⱨꜝ♇◓◦♇ⱪהⱪ꜡◓ꜝⱶ Q- LEAP ─ ה ┘  

 

ה ⱨꜝ♇◓◦♇ⱪהⱪ꜡◓ꜝⱶ Q- LEAP  2018 1  

https://www.mext.go.jp/b_menu/shingi/chousa/gijyutu/033/shiryo/__icsFiles/afieldfile/2018/11/1

4/1403605_1.pdf 

 

─ ≈≢№╢ fi◦fi◓⌐⅔™≡│⁸☿ה ╩ ∆╢ ה

⌐╟╡⁸ ╛ IoT │╙≤╟╡⁸ ה ⁸ ◄Ⱡ ─ ₁⌂ ≢↓╣╕≢⌂⅛∫

√ ≤ ╩ ≢⅝╢ ╩ ≤⇔≡™╢⁹ 

↓─ Q- LEAP⌐⅔↑╢ ◓fi◦fi☿ה ─⁸ ─ ─↓ⱴ≤⁸כ♥2 Q-

LEAP≤ ה ⅜ ↕╣╢ ─ ⅜≥ⱴכ♥7 ↕╣ ⅜

╘╠╣≡™╢⁹ 3- 1- 1⌐ Q- LEAP─ ─ ⱴ⁸כ♥2 ┘ 3- 1- 2⌐ Q- LEAP─

─ ╩ⱴכ♥7 ∆⁹ 

╕√ Q- LEAP ≢╙⁸ JST ─ ≤⇔≡ ☿fi

◦fi◓⌐ ∆╢ ⱪ꜡☺▼◒♩ ⅜ⱴכ♥─ ≈ ⇔≡™╢⁹ ≈│⁸₈ ▬♃ה

ⱶⱦ☺Ⱡ☻─ ⌐≈⌂⅜╢ ₉≢⁸ │

≢№╡⁸╙℮ ≈│⁸₈ ─ ⌂ ┘ ⌐≈⌂⅜╢

☿fi◘ ₉≢⁸ │ ≢№╢⁹  
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3- 1- 1 ₈ ה ⱨꜝ♇◓◦♇ⱪהⱪ꜡◓ꜝⱶ Q- LEAP ₉─   ⱴכ♥2

ₒFlagship ⱪ꜡☺▼◒♩ ₈x ─fi◦fi◓₉☿ה  

JST  

https://www.jst.go.jp/stpp/q - leap/sensing/pdf/measurement.pdf  
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ὓ

ʾ ϞОм˔ДНϱІχЯ

ИЌзрϽЄІГЭ

4˙5 ʹ ϞОм˔ДН

ϱІ ϒχ ◓ЈрЂχם

, ʾᴛ χ Ⱳὓ

10 ʹ ʾᴛ ϬЍϱЗ

Ьϸиττὓ βϥ ἷФк

ЕЌϱФ

◓ Ṫ χ

ρӺᶘʾ ᴬ

ᶘχᶗ

ЗЛ ◓ЈрЂʺ

‰ḇ MRI/NMRẉό

◓ ᾝ χᵔ ʾ

τḩβϥᾆẕᵫ Ϭ

ΰʺӺᶘʾ☼ם ᴬᶘ

ᾆẕτ ᶨ ήϦϥὓ

Ṫ χФкЕЌϱФϬם

ᾝ

Ṱ

◓ᴬᶘṪ ᾆẕᵫ

Ṑ ˢQSTˣ ӽ

ʹʹʹʹ35

ʹʹʹ10 ḧ

ʹʹ  ˢΩ ˣ

ʾῲ♪ ʺ‰ᵔ ʺ

‮ Ⱳὓ ᴦ σ

ЗЛЄІГЭχᵫ

ʻ

ʾ ớᴟʺ ◓ ‹

ᴟ χ ◓Ṫ τϢϥ

‰ḇ MRI/NMR

ẉό ʾ

ớФк˔У ◓χᵫ

ʻ

ʾ χ ◓ЀП˔й

рІ‰ Ṫ ẉ

ό Ί› Ϟꜗṓ

τΣΪϥ ◓῟ᴮ

χ Ίᶘ ᵔ Ṫ χ

ᵫ τϢϤʺ Ṑ

χ ◓ Ṑ Ϭᵔ

ʻ

5 ῇ

ʾᶆ Ṁ χᴛ ϞpH

χ3‮ χὓ ᴛעʺ ớС

иРр▒χ ϱЮ˔ЅрϽךּ

χםᾝẉόעᴛ ớ χ

ᵫ ʺ ОиІй˔Ѓ˔

Ϭ χΊ› ЌрОϼלχ

◓ЀП˔йрІχḢ ᾝם

ẉόעᴛ ớ χᵫ ʻ

10 ῇ

ʾ χᴛ ʺpH χ3‮

χ Ⱳὓ ϞϱЮ˔ЅрϽ

χםᾝʺ ἷ πχעᴛ

ᶋ ớ םϱЮ˔ЅрϽχךּ

ᾝẉό ṛ ᴦ σ

ЈрЂ ◓χ ♯ᾓ ʺ

ОиІй˔Ѓ˔χ Ои

Іᴟ ʺᵫ ΰθ Ὁχ

ῬΊ› Ί ЌрОϼלχ

Ṑ Ϭᵔ ΰᾆẕ ϒᶨ ʻ
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3- 1- 2 ₈ ה ⱨꜝ♇◓◦♇ⱪהⱪ꜡◓ꜝⱶ Q- LEAP₉─  ⱴכ♥7

  
ₒFlagship ⱪ꜡☺▼◒♩ ₈x ─fi◦fi◓₉☿ה  

JST  

https://www.jst.go.jp/stpp/q - leap/sensing/pdf/measurement.pdf  

  

יּ

ᾆẕṐḩ

▄ˢᴑדˣ

ṍḧ

Μ

1

‰ḇ ῠ ЈрЂ

τϢϥ ṍϯж˔

Е︣ χᶎ

ṛ χ ᵗⱲχ

ᴟϬ‰ḇ ῠ ὓКА

Ем˔ϼπᾁ ΰʺּזᵓτ ΰ

ο ṍτϯж˔ЕϬ βЄІГ

ЭϬ 

ӗ

Ằ ᶘ ᶘԚ ᶘὉᾆ

ẕᴬʹ ễ

 2˙3

2018˙2027

φαϦ Ϥ◓ἷЈрЂχ

τϢϤʺ ◓ὓ ʾЈрЄр

ϽχФжАЕТ϶˔Эτ‟ᾅ

2

Ί◓ ꜡ ◓ЗЛ

Т϶ЕИϼІχ

Ί◓ Υᶎ Τν‰Μ ◓Ḅ

Ϭ βϥ ◓Ίᾛρʺớϛ

ο‰Μ ʾ ◓῟ πΊ◓

Ϭ꜡ ΰᾁ βϥΊ◓ ꜡ ᾁ

ṀϬᵫ ΰʺΊ◓χ ◓ Ϭ

ἄ►ΰθ ◓ὓ Ϭ‰ ᴟ

♀ ἵԁ

ᶘʹ ṓ ᾆẕ

ʹễ

2˙3

2018˙2027

◓Ίᾛʾᾁ Ṫ χ‰ ᴟ

τϢϤʺΊ◓Ϭ Μθ ◓ὓ

ʾЈрЄрϽχ τ‟ᾅ

3

2 τ ◓╛ᴝϬӊ│

ΰθ ◓ ◓ꜗ ὓχ

ᵫ

Щ˔ІʾϯϱрЄвЌϱрổ

Ϭ Μθꜗ ὓτΣΜοʺᾖ

◓ІСр ◓╛ᴝρΊ ◓╛ᴝ

χӊ│Ϭ Ⱳτ ΰʺ χ

ᾢᵦϬ ᵕϥꜗ ḇ Ϭםᾝ

שׁ ῴᵒ

ᶘ Ԛ ᶘʹ ᶘ

ᶘᴬʹ ễ

 2˙3

2018˙2027

◓ꜗṓЈрЂτḩβϥṁ

ᾋτϢϤʺᾧ ◓Јр

Ђχ ΰ τ‟ᾅ

4

╛ ◓ὉρΰοχΊ

› Ṑ χᵔ τΰΪ

θ ⱳᾕ ◓ϜνϦ

ΊṪ χᵫ

2νχ ◓ḧχⱲḧ- ӽ

τΣΪϥ ◓ϜνϦχ Ϭ

βϥ ⱳᾕ ◓ Ί χ ӛ

ρᾖ ם Ϭ“ΞρρϜτʺΊ

› σς σ ╛ ◓Ὁχ

Ṑ Ϭᵔ

ᵒ

ṓ ᶘʹ ᶘԚ

Ῥᶘᾆẕᴬ

ễ

2˙3

2018˙2027

ΰΜ ◓ὓ Ṫ πΚϥ

ⱳᾕ ◓ Ί Ϭם ΰʺ

◓ὓ ʾЈрЄрϽχФжА

ЕТ϶˔Эτ‟ᾅ

5

◓ϜνϦΊ◓ Ϭ

ΰθ ◓ὓ ДНϱ

Іχᾆẕ

ḩϬϜν ◓ϜνϦΊ

◓ Ϭ ΰθ ◓ὓ ДНϱ

ІϬᵫ ʻ τʺ ◓ϜνϦΊ

Ϭ Μθ ᵰ ◓Ẋ Ί

χᵫ Ϭם☼ΰʺᴦ♪Ίᾁ Ṁ

τϢϥ‰ḇ ᵰẊ Ί

Ϭםᾝ

Ằ ᶘʹ ᶘԚῬᶘᾆ

ẕᴬ

2˙3

2018˙2027

◓ϜνϦΊϬ Μθ ΰΜ

ЈрЂṪ χᵫ τϢϤʺ

◓ὓ ʾЈрЄрϽχФжА

ЕТ϶˔Эτ‟ᾅ

6

◓ЈрЄрϽ‰ ᴟ

ϒχ ›ὧḪ∙ ᴬᶘ

◓ЈрЄрϽτⱢβϥЍϱб

ЯрЖ Ὣ ⌠ χᵫ ẉ

όʺ ›ὧḪϬ‰ ʾ‰ ל

τἹ βϥθϛχὧḪἹ ᶘ

Ϭ  ΰʺꜗṓḇ χ‰ΜЍϱ

бЯрЖNVЈрЌϬ⌠

ⱬ

∙ʾל ᾆẕṐ Ṑ

∙ ᾆẕẤ ʹ︠ ᾆ

ẕԌ

2˙3

2018˙2027

‰ σὫ ʾ ᴣṪ Ϭ

ἄ►ΰοЍϱбЯрЖNVЈр

Ќχ‰ ᴟϬ“Μʺᾧ

◓ЈрЂχ⌠ Ṫ Ϭΰ

7

ⱳ ‰ ◓Ḉ

ЈрЂχᵫ

ᾖ◓χ֫ Ϟ ◓ χ‰

σ ῈṪ Ϭ Μοᾖ◓Ḅ

ὓχᾁ ḇ Ϭ ΦΨΰ βϥ

θϛχṁ Ṫ Ϭᵫ ΰʺṌ

χ ◓Ḉ ЈрЂχ χ

σ ἷᴟϬםᾝ

ᾍԁ

ṓ ᶘʹй˔Ѓ

ᾆẕЈрЌ˔ʹễ

2˙3

2018˙2027

◓Ḉ ЈрЂχ‰ḇ ᴟτ

ḩβϥ ᾋτϢϤʺ ◓ὓ

ʾЈрЄрϽχФжАЕ

Т϶˔Эτ‟ᾅ
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│⁸ ⅜ ∆╢ ╩ ⇔≡ ⇔√ ♦Ᵽ▬

☻ ╩ ⌐⁸ ♦Ᵽ▬☻⌐≈™≡⁸ ⁸ ⁸ ≤ ⇔≡

╩ ⇔≡™╢⁹ 
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ה  ─  

ה ─ ◓fi◦fi☿ה ╩ ╪∞ ⌐ ∆╢ ╩╕≤╘√⁹ 

 

 ─  

⌐⅔™≡│⁸2001 ⌐ DARPA⅜ ◖fiⱧꜙ⁸♃כ

─ ─ ╩ ⇔≡ ⁸ ─ ≈≤⇔≡ ⌐ ╩

∫≡™╢⁹ 

2009 1 ⁸ OSTP─ NSTC⅜⁸ ₈

─√╘─ ⱦ☺ꜛfi₉╩ ⇔⁸ ⌐ ∆╢ ─ ─

╩ ⇔≡™╢⁹↓─ ≢⁸ ─ ה ⁸ ┘ ◦☻♥ⱶ─ ה

ה ⌂ ≤ ⌐ ∆╢ ─ ╩ ⅜ ∆╟℮ ↕╣≡™╢⁹↓

╣╩ ↑⁸ NSF ⅜₈ ⌐⅔↑╢ ⱪ꜡◓ꜝⱶ₉╩ ⇔

≡⅔╡⁸↓─ⱪ꜡◓ꜝⱶ─ ⌐⁸NSF⅛╠ ╩ ↑√ ─ כ♅

ⱶ⅜ ╣≡™╢⁹ 

↕╠⌐⁸ ⌐ ⇔≡ 2018 9 ⌐⁸₈ ⌐⅔↑╢ ⱪ♇◦כ♄כꜞ

₉◘Ⱶ♇♩⅜ ↕╣⁸ ⇔≡⁸ ( NSTC)─ ( SCQIS)

⅛╠₈ ⌐ ∆╢ ₉14⅜ ↕╣≡™╢⁹↓─ ≢⁸ᵑ

⌐ ∆╢ ⱨ□ה♩☻כ▪ⱪ꜡⁸♅כᵒ ⌐ ⇔√(quantum- smart) ─

─ ⁸ɔ ≤─ ─ ╡ ╖⁸ᴖ ▬fiⱨꜝ☻♩ꜝ◒♅ꜗכ─

⁸ᵕ ≤ ─ ⁸ᵖ ─ ─ ⅜ ↕╣≡™╢⁹

↓╣╠⅜ 2018 12 ─ ⌐ ∆╢ ─ ≤⇔≡⁸₈ ▬♬◦▪

♥▫Ⱪ ₉─ ┼≤ ⅜∫≡⅔╡⁸ ≢─ ⌂ ⱪ♇◦כ♄כꜞ─

╩ ∆╢√╘─ ╡ ╖╩ ↕∑≡™╢⁹ 

∑≡⁸ ≤↓─ ─ ╩ ∆╢√╘─ 10 ─ ≤

─ ⅜ ╘╠╣⁸↓─ 10 ─ ─ 5 ⌐ 13 $╩⁸◄Ⱡꜟ◑כ ( DOE)⌐

25M$/ ⁸ ( NSF)⌐ 10M$/ ⁸ ( NIST)⌐ 80M$/

─ ⅜ ⅎ╠╣≡™╢⁹↓╣╠╩⁸ 3- 2- 1⌐ ⌐⅔↑╢ ─

≤⇔≡ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 
1 ─ ⌐≈™≡  2019 3 29 JST ☿fi♃כ CRDS  

https://www.kantei.go.jp/jp/singi/ryoshigijutsu_innovation/dai1/siryou3.pdf  
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3- 2- 1 ⌐⅔↑╢ ─  

─ ≤Ᵽ▬♦fi  2020 12 3 CRDS 

https://www.jst.go.jp/ crds/pdf/2020/FU/US20201203.pdf 

 

╕√⁸₈ ▬♬◦▪♥▫Ⱪ ₉⌐ ≠™≡⁸ ─ OSTP│⁸

SCQIS ╩ ⌐ ⇔≡⁸ ⌐⅔↑╢

▬♬◦▪♥▫Ⱪ╩ ⇔≡™╢⁹↕╠⌐⁸ ≤ ⌐ ▬♬◦▪♥▫

Ⱪ ╩ ⇔≡⁸ ⁸◄Ⱡꜟ◑כ ≤ SCQIS┼─ ╩ ∫≡™╢⁹ 3- 2-

2 ⌐⁸↓─ ⌐ ↕╣√ ▬♬◦▪♥▫Ⱪ ┘ SCQIS╩ ╘√

─ ─ ╩ ∆⁹ 

 

3- 2- 2 ─ ─  

   

₈ ₈National Quantum Initiative Act ₉ H.R.6227₉(2019 3 29 )  CRDS  

https://www.kantei.go.jp/jp/singi/ryoshigijutsu_innovation/dai1/siryou3.pdf  

 

◓fi◦fi☿ה ⌐⅔™≡⁸ 3- 2- 1⌐ NSF ⅛╠ ╩ ↑≡™

╢ ≤ⱪ꜡☺▼◒♩ ┘∕─ ⁸ 3- 2- 2⌐ NIH ⅛╠ ╩ ↑

≡™╢ ≤ⱪ꜡☺▼◒♩ ┘∕─ ⁸ 3- 2- 3⌐ DOD⅛╠ ╩ ↑≡

™╢ ≤ⱪ꜡☺▼◒♩ ┘∕─ ╩∕╣∙╣ ⌐ ∆⁹ 

https://www.jst.go.jp/crds/pdf/2020/FU/US20201203.pdf


 

 67  

3- 2- 1 NSF ⅛╠ ╩ ↑≡™╢ ⌂ ≤   

 
NSF Awards Search ╩ ⌐ ⅜  

https://www.nsf.gov/awardsearch/advancedSearch.jsp  

 

⌂⅔⁸ 3- 2- 1─ NSF ⅛╠ ╩ ↑≡™╢ ─℮∟⁸No.3⁸No.6─◖

꜡ꜝ♪ ─ │⁸₈ ⱨ꜡fi♥▫▪☿fi♃₉כ PFC ≤⇔≡ NSF⅛╠ ↕╣⁸

4.37M$ 13.1M$/ 5 ─ ╩ ↑≡™╢ ≢№╢⁹ 

No.3 ─◖꜡ꜝ♪ ─₈ ╩ ⇔√☿fi◦fi◓≤ NSF ♅ꜗ꜠fi☺

₉│⁸2020 7 ⁸ OSTP≤ NSF≤─Ɽכ♫♩כ◦♇ⱪ╩

⌐⁸2020 ⅛╠─ 5 ≢ ─ ⌐ ╗ 3 ─℮∟─ ≈≢№

╡⁸ ⌐◓fi◦fi☿ה ╡ ╗⁸ ╦┌ ™╡─ ⱪ꜡☺▼◒♩≢№╢⁹ 
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3- 2- 2 NIH ⅛╠ ╩ ↑≡™╢ ⌂ ≤  

 NIH RePorter╩ ⌐ ⅜  

https://reporter.nih.gov/search/HnGa - o2WdE2O_aHzM0rZPg/projects  

  



 

 69  

3- 2- 2⅛╠⁸ NIH ⅛╠ ╩ ↑≡™╢ ─ⱪ꜡☺▼◒♩│⁸

₈ ₉ ⅜ ™⁹₈ ₉⌐│⁸ ─₈ ₉≤≤╙⌐ ─₈ ₉

⅜ ╕╣≡™╢≤ ╦╣╢⁹ 

 

3- 2- 3 DOD⅛╠ ╩ ↑≡™╢ ⌂ ≤  

SAMἙGOV (DoD)╩ ⌐ ⅜  

https://sam.gov/content/home  

 

3- 2- 3⅛╠⁸ DOD⅛╠ ╩ ↑≡™╢ ─ⱪ꜡☺▼◒♩│⁸₈

₉⅜ 7 ≢ ≢№╢⅜⁸ ─√╘⅛ │ ↕╣≡™⌂™⁹ 

│⁸₈ ─ ₉─ ≈≤⇔≡ AI⁸5G/ ≤ ╪≢♩ꜝfiⱪ ≢

╩ ↕∑≡⅝≡⅔╡⁸Ᵽ▬♦fi ≢╙ ─ ⅜ ↄ ≢⁸
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│ AI⁸5G≤ ╪≢ ⅝ ⅝ ⌂ ≢№╡⁸ ─ ה │ ↕

╣╢≤ ↕╣≡™╢15⁹ 

⁸2021 6 ⁸₈ ▬ⱡⱬכ◦ꜛfiה ₉⅜ ≢ ↕╣≡™╢⁹↓╣│⁸

─ ─√╘─ ╛ ╩ ╗ ╩ ∆╢₈◄fi♪꜠☻ⱨ꜡fi

♥▫▪ ₉╛₈ ₉ ≤≤╙⌐⁸₈ ─ ₉╩ ╗ ≢

↕╣≡⅔╡⁸ ─ ⌐ ↑√ ⌂ ⅜ ↕╣≡™╢⁹ 

 

 EU─  

EU≢│⁸ ─fiꜛ◦כⱡⱬ▬ה ≤⇔≡⁸1984 ─ ─ ╖ ─ ∟ →

⁸ ╖─ⱨ꜠כⱶ꞉ה◒כⱪ꜡◓ꜝⱶ FP1 FP7 5 7 ↔≤ ╩ ⇔

≡⁸ ⌐ ⅜ ↕╣≡™╢⁹↓─℮∟─ FP5 1998 2002 ⌐⅔™≡

⅜ ╘≡ ╡ →╠╣≡⅔╡⁸FP7 2007 2013 ╩ ≡⁸FP8 2014 2020 │

₈Horizon2020₉┼ ↕╣⁸FP9 2021 2027 │₈Horizon Europe₉┼

↕╣≡⁸ ╘╠╣≡™╢⁹ 3- 2- 3⌐ EU─ fiꜛ◦כⱡⱬ▬ה ─ ╩ ∆⁹ 

 

3- 2- 3 EU─ fiꜛ◦כⱡⱬ▬ה ─  

 

    

 

 

 

 

 

 

 

 

 

 

─ fiꜛ◦כⱡⱬ▬ה  2020 1  

https://www.meti.go.jp/shingikai/sankoshin/sangyo_gijutsu/kenkyu_innovation/pdf/015_02_00.pdf  

 

2016 ⌐⁸EU ─ ╛ ⅜ ⇔√ ─ ₈ ⱴ♬

ⱨ▼☻♩₉⅜ ↕╣⁸EU ≤ EU─ ⌐ √╢ ⌐ ⇔≡ 10 ϫ

─ ⱪ꜡◓ꜝⱶ─ ∟ →⅜ ↕╣≡™╢⁹↓╣╩ ↑≡ │⁸2018

10 ⅛╠ 3 ⌐╦√╢ ─ ▬♬◦▪♥▫Ⱪ₈ ⱨꜝ♇◓◦♇ⱪ₉≤⇔≡⁸

₈ ∞⅜ ≢⅝╢ ₉╩ ╘≡ ↕∑≡™╢⁹ 

─ ↕╣√ ⱪ꜡◓ꜝⱶ⌐ 10 ϫ⅜ ↕╣≡⅔╡⁸ │

─ 6 ≢⁸ᵑ ⁸ᵒ ⁸ᵓ ◦Ⱶꜙ꜠⁸♃כᵔ fi◦fi◓⁸☿ה

ᵕ ◖fiⱧꜙכ♃≤ᵖ ≤ ─ 20 ≢№╢⁹↓─℮∟⁸ᵔ fi☿ה

◦fi◓≤⇔≡│⁸♄▬ꜘ⸗fi♪ NV☿fi◘⁸ ⁸ ●☻☿ꜟ☿fi◘⁸ ☿fi

◘─ 4 ⅜ →╠╣≡™╢⁹ 3- 2- 4⌐ EU₈ ⱨꜝ♇◓◦♇ⱪ₉─ fi◦fi☿ה

 
15 ─  2021 1 13 CRDS 

https://www.mext.go.jp/content/20210112 - mxt_chousei01- 000011740_3.pdf 
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◓ ╩ ∆⁹ 

 

3- 2- 4 EU₈ ⱨꜝ♇◓◦♇ⱪ₉─ ◓fi◦fi☿ה  

 ─ ⌐≈™≡ 2019 3 29 CRDS 

https://www.kantei.go.jp/jp/singi/ryoshigijutsu_innovation/dai1/siryou3.pdf  

 

₈ ⱨꜝ♇◓◦♇ⱪ₉ 2018 2027 │⁸₈Horizon2020₉ FP8 2014 2020

⅛╠⁸ ─₈Horizon Europe₉ FP9 2021 2027 ⌐⅔™≡╙ ⇔≡ ╘╠╣≡™

╢⁹₈Horizon Europe₉≢│⁸ ≤♦☺♃ꜟ♩ꜝfi☻ⱨ◊כⱷכ◦ꜛfi DX ╩

≤ ↑≡⅔╡⁸↓─ DX⌐⅔™≡ ╩ ╗ ╩ ה

⇔≡™ↄ≤⇔≡™╢⁹↓─╟℮⌐⁸EU≢│₈Horizon Europe₉╛₈Horizon2020₉⅜ ∆

≤⅔╡⁸ ─ ⌐ ≠™≡ ⅜ ╘╠╣≡™╢⁹ 

╕√⁸EU─₈ ⱨꜝ♇◓◦♇ⱪ₉ ≢⁸EU⅛╠ ╩ ↑≡™╢ fi◦fi☿ה

◓─ ⱪ꜡☺▼◒♩─ ≤ ☻כⱬ♃כ♦⁸╩ CORDISCommunity Research & 

Development Information Service ⅛╠ ⌐ 10ⱪ꜡☺▼◒♩╩ ⇔⁸ 3- 2- 5
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⌐ ∆⁹ 

 

3- 2- 5 EU⅛╠ ↕╣≡™╢ ◓fi◦fi☿ה ─ ⌂ ≤  
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☻כⱬ♃כ♦ CORDIS╩ ⌐ ⅜  

https://cordis.europa.eu/search/en  

 

3- 2- 5⅛╠⁸EU⅛╠ ↕╣√ ─ⱪ꜡☺▼◒♩≤⇔≡│⁸ ☿fi◘

⅜ 5 ≢ ≢⁸ ™≢ ⅜ 3 ≤⌂∫≡™╢⁹ 

 

 ─  

│⁸ ⌂ │ 1993 ⌐ ─₈ ה ה ₉⌐ ≠⅝ ╘

╠╣≡⅔╡⁸↓─ │∕╣ ─ 20 ─ ─ ╩ ⇔√ ≢№

╢⁹╕√⁸↓╣⌐ ─₈ ה ה ⌐ ∆╢ ₉⅜⁸ ─ ⌂

─꜠ⱦꜙכ ┘∕─ ─ ≤⇔≡⁸2 ↔≤⌐ ↕╣≡™╢⁹ 

2001 ⌐ ↕╣√₈ ≤ ₉ ⌐⅔™≡⁸₈ ◖fiⱧꜙכ♃ ₉⅜₈

₉─ 5 ⌐ →╠╣≡™╢⁹ 

2014 ⌐⁸ ≤ ⌐⅔™≡ ↄ⁸₈═╢∆♪כꜞ╩ ⱪ꜡◓ꜝⱶ₉

UKNQTP⅜ ↕╣⁸2015 ⌐ ↕╣≡™╢⁹↓─ UKNQTP╩⁸ ─ ≤

─₈ ╡⌐⌂╢₉╙─⌐∆╢√╘⌐⁸ ╡ ≤⇔≡₈ ▪♪Ᵽ▬◙ꜞכⱲכ

♪₉ QT SAB⅜ ⌐ ↕╣≡™╢⁹╕√⁸UKNQTP⌐│ⱦ☺Ⱡ☻ה◄Ⱡꜟ◑הכ

BEIS⁸ ה EPSRC⁸Innovate UK⁸ NPL⁸

Dstl ─ ⌐╟╢ ה ╙ ╕╣≡™╢⁹ 

2017 11 ⌐⁸BEIS│ ╩ ⇔⁸2030 ╕≢⌐ ╩ ─▬ⱡⱬכ◦ꜛ

fi ⌐∆╢√╘⌐⁸ᵑ AI ♃כ♦≥ ╩ ╗ ⁸ᵒ◒ꜞכfi⌂

⁸ᵓ⸗ⱦꜞ♥▫─ ⁸ᵔ ╩ ≤ ↑≡™╢⁹↕╠⌐ 2018 5

⌐⁸∕─ ─ ⌂Ⱶ♇◦ꜛfi╩ ⇔≡™╢⁹ 3- 2- 4⌐ ─ ╩

∆⁹ 
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3- 2- 4 ─  

 

─ fiꜛ◦כⱡⱬ▬ה  2020 1  

https://www.meti.go.jp/shingikai/sankoshin/sangyo_gijutsu/kenkyu_innovation/pdf/015_02_00.pdf  

 

2018 11 ⁸ │ ⌐ ⇔≡⁸2015 ⅛╠ 5 ⇔≡⅝√ UKNQTP╩⁸

⌐ 5 ⁸2024 ╕≢ ∆╢ ╩ ⇔≡™╢⁹↓╣⌐╟╡⁸ 10 ≢

3.15 440 ⅜⁸ fiꜛ◦כⱡⱬ▬ה UKRI ⅛╠ ↕╣≡™╢⁹

↓─ UKRI⅛╠ ↕╣√ ─◓fi◦fi☿ה ≤ ╩ ⌐ 8 ╩ 3-

2- 6⌐ ∆⁹ 

 

3- 2- 6 ─ UKRI⅛╠ ↕╣√ ─◓fi◦fi☿ה ⌂ ≤  
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☻כⱬ♃כ♦ UKRI╩ ⌐ ⅜   

https://gtr.ukri.org/search/project?term=*  

 

3- 2- 6⅛╠⁸UKRI⅛╠ ↕╣√ ─ⱪ꜡☺▼◒♩≤⇔≡│⁸ ⅜

4 ≢⁸ ™≢ ⅜ 3 ≤⌂∫≡™╢⁹ ⌐ │⁸ 3- 2- 4─ ─

─ ─₈ Ⱶ♇◦ꜛfi╩ ₉⌐⅔↑╢⁸ᵑAI₈15─♃כ♦ה ⌐⅜╪─

╩ ⌐₉≤™℮Ⱶ♇◦ꜛfi⌐╙ ⇔≡™╢≤ ╦╣╢⁹ 

↓─╟℮⌐ ⌐⅔™≡│⁸ ⱦ☺ꜛfi⌐ ≠™√ ≤⁸ Ⱶ♇◦ꜛfi≤⅜



 

 76  

ꜞfi◒⇔≡⁸Ⱶ♇◦ꜛfi─ ╩ →≡⁸ ╩ ↄ ⇔√ ╩ ╘≡™╢≤

╦╣╢⁹ 

 

 ♪▬♠─  

♪▬♠│⁸ ▬ⱡⱬכ◦ꜛfi⌐ ∆╢ │⁸ ⌐ ∆╢₈ ₉

≤⁸2006 ⌐ ─ ▬ⱡⱬכ◦ꜛfi─ ─₈Ɫ▬♥◒ ₉≤⌐ ≠™≡

™╢⁹♪▬♠─ │╒≤╪≥⅜ ≢№╡⁸ ≤ ⌐⅔↑╢ ─

│ ⌐№╡⁸2014 ─ ─ ╕≢⁸ │ ⌐ ⇔⁸ ≤

─ⱪ꜡☺▼◒♩ⱨ□fi♦▫fi◓─╖ ≢№∫√⁹₈ ₉─ │⁸ ─

⅜№╣┌ ─ ╙ ⌐⌂╡⁸♪▬♠─ ⌐⅔↑╢ ─ ≈⌐

⌂∫≡™╢⁹ 

2010 ─ ₈Ɫ▬♥◒ 2020₉⁸2014 ─ ₈ Ɫ▬♥◒ ₉╩ ≡⁸2018

⌐ ₈Ɫ▬♥◒ 2025₉⅜ ↕╣≡™╢⁹ ™ ≢▬ⱡⱬכ◦ꜛfi╩

↓⇔ ╩ ↑╢√╘⌐⁸ ⅜ ⇔≡ ─ ™ ≈─ ≤∕─ ╩

⇔≡™╢⁹ 3- 2- 5⌐ ₈Ɫ▬♥◒ ₉⅛╠ ₈Ɫ▬♥◒ 2025₉╕≢─

≤ ╩ ∆⁹ 

 

3- 2- 5 ♪▬♠─₈Ɫ▬♥◒ ₉─ ≤  

 

 

─ ⌐≈™≡ 2019 3 29 CRDS 

https://www.kantei.go.jp/jp/singi/ryoshigijutsu_innovation/dai1/siryou3.pdf  

 

3- 2- 5⌐ ∆╟℮⌐⁸ ╩⁸AI⁸ ≤≤╙⌐ ─ ─ ≤⌂

╢ ≤⇔≡ ╩ ╘≡™╢⁹ 

⌂ ≤⇔≡⁸ᵑ ╛ ╩ ⅎ√ ⁸ ┘ᵒ ♩♇ⱪ┼ ↕∑

╢═⅝ ≤⇔≡⁸ ◦Ⱶꜙ꜠כ◦ꜛfi⁸ ⁸ ╩⁸Ᵽ▬○♥◒ⱡ꜡☺כ
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┘Ᵽ▬○▬fiⱨ◊ⱴ♥▫◒☻⁸ ┘ ≤ ╪≢ →≡™╢⁹ 

☼כ◦ ─ 2006 ─ ∞∫√ ₈Ɫ▬♥◒ ₉⅜⁸2018 ─

₈Ɫ▬♥◒ 2025₉≢│⁸♪▬♠⅜ ─ ─ ≢№╢√╘⌐⁸

╩ ⇔≡⁸ ─ ╩ ☼כ♬⁸⇔ ─ ▬ⱡⱬכ◦ꜛfi ┼≤

⇔≡ ─√╘─ ⌂Ⱶ♇◦ꜛfi╩ →╢⌂≥⁸ ⌐ ⅜ ╠╣╢⁹ 

2018 9 ⁸₈Ɫ▬♥◒ 2025₉─ ─₈ ₉⌐ ⇔≡⁸

╖ⱪ꜡◓ꜝⱶ⅜ ↕╣≡⅔╡⁸ fi◦fi◓⅜⁸☿ה ◖fiⱧꜙכ♥▫fi◓

⁸ ◖Ⱶꜙ♬◔כ◦ꜛfi ⁸ ─ ≤ ─ ≤≤

╙⌐ →╠╣≡™╢⁹╕√⁸ /ⱪ꜡☺▼◒♩ⱨ□fi♦▫fi◓≤⇔≡ 6.5 û─

⅜↕╣≡™╢⁹2022 ⌐ ─ ─ ⅜↕╣√ ≢⁸2028 ╕≢⌐ 10

ϫ─ ⅜ ↕╣≡™╢⁹╕√ 2019 ⌐⁸♪▬♠─ ╩ →⁸ ⌂

─ ─√╘⌐⁸ ─ ─ ⌐₈ ▬ⱡⱬכ◦ꜛfi ₉ SPRING- D ⅜

↕╣≡™╢⁹↓╣│⁸ ─ DARPA ─ ▬ⱡⱬכ◦ꜛfi

─♠▬♪ⱶ≢№╡⁸כ◐☻ ⇔™ⱨ□fi♦▫fi◓─ ╖≤⌂∫≡™╢⁹ 

↓─╟℮⌐♪▬♠│⁸ ─ ─ ⁸ ╛ ╩ ⌐ ⅎ╢⁸ │ ╦╢▬

ⱡⱬכ◦ꜛfi─ ╩⁸ ╩ ╘√₈Ɫ▬♥◒ 2025₉╩ ⌐ ⇔≡™ↄ↓≤

╩ ⇔≡™╢⁹ 

 

 ⱨꜝfi☻─  

ⱨꜝfi☻│⁸2009 ⌐ ─ ─fiꜛ◦כⱡⱬ▬ה ╩ ∆╢⁸₈ ─ ⱡ▬ה

ⱬכ◦ꜛfi SNRI 42₉( 2009 2012 )≢⁸ ╘≡─ ⌂ ─ ≤

─ ╩╕≤╘≡™╢⁹↓─ ≢⁸ ≈─ ≤⇔≡⁸ᵑ ה ה Ᵽה

▬○♥◒ⱡ꜡☺⁸כᵒ ┼─ ≤◄◖♥◒ⱡ꜡☺⁸כᵓ ה ꜡ⱡ♥◒ⱡ♫ה

╩כ☺ →≡™╢⁹∕─ ₈France Europe 2020₉╩ ≡⁸2015 ⌐₈SNR France Europe 

2020₉( 2015 2020 )⅜ ↕╣≡™╢⁹ 

⌐ ⇔≡⁸ ≤⇔≡ ∆╢ ╕≢⌐ →╠╣≡│™⌂™⅜⁸2019 ⌐₈

─ ─ⱨ꜠fi♅♥♇◒ ₉≤⇔≡⁸ ╩⁸ ⁸◘▬Ᵽ⁸▫♥ꜞꜙ◐☿כ

AI ≤≤╙⌐ ┼─ ≤⇔≡⁸ ⱪ♇▪♩כ♃☻┼ ⅜ ╦╣

≡™╢⁹ ⱪ♇▪♩כ♃☻╢№─ ─ ╩ ∆╢ ≤⇔≡™╢⁹ 3- 2- 6

⌐ⱨꜝfi☻─ ▬ⱡⱬכ◦ꜛfi ╩ ∆⁹ 
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3- 2- 6 ⱨꜝfi☻─ ▬ⱡⱬכ◦ꜛfi  

  

 

 

 

 

 

 

 

 

 

 

 

 

─  2021 1 13 CRDS 

https://www.mext.go.jp/content/20210112 - mxt_chousei01- 000011740_3.pdf 

 

2017 5 ⌐ⱴ◒꜡fi ⅜ ⇔⁸▬ⱡⱬכ◦ꜛfi │ ⌂ ⅛╠⁸

ה fiꜛ◦כⱡⱬ▬ה MESRI⅜ ≤⌂∫≡ ▬ⱡⱬכ◦ꜛfi ╩ ╘╢╟

℮⌐ ╦∫≡™╢⁹ 3- 2- 7⌐ⱨꜝfi☻⌐⅔↑╢ fiꜛ◦כⱡⱬ▬ה ─ ╩

∆⁹ 

 

3- 2- 7 ⱨꜝfi☻⌐⅔↑╢ fiꜛ◦כⱡⱬ▬ה ─  

 

ⱨꜝfi☻⌐⅔↑╢ fiꜛ◦כⱡⱬ▬ה ─ 2020 6 6

 

https://www8.cao.go.jp/cstp/t yousakai/kihon6/6kai/sanko3 - 9.pdf  
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2020 1 ⌐⁸ ─ ⌐ⱨ◊ꜟ♥כ◙ ⅛╠⁸ ⌐ ∆╢ ₈

ⱨꜝfi☻│ ╩ ↕⌂™₉⅜ ⌐ ↕╣≡™╢⁹↓─ ≢ ⅜⁸

─ ≤ ─ ⌐ ╦╢ ≤⇔≡ →╠╣≡™╢⁹ 

2021 1 ⌐ⱴ◒꜡fi │⁸↓─ ╩ ⌐ⱨꜝfi☻─ ₈ ┼─

₉ PAI4 2021 2025 ╩ ⇔⁸ ∑≡ 5 ≢ 18 ϫ─ ╙ ⇔≡

™╢⁹ │⁸ⱨꜝfi☻╩ ⌐⅔™≡⁸ ה ꜠ⱬꜟ≢ ⱪ꜠כꜘכ⌐∆╢≤

≤╙⌐⁸ ─Ᵽꜞꜙכ▼♅כfi╩ ⇔⁸ ⁸ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

↓─√╘⌐⁸ ─ ≈─ ⅜ ↕╣≡⅔╡⁸ŋ NISQ16◦Ⱶꜙ꜠כ꜠ꜝ☿◒▪ה♃כ

♃─ ≤ ⁸ᵒLSQ☻◔כꜟ⌐ ∆╢ ◖fiⱧꜙכ♃─ ⁸ᵓ ☿fi◘─

≤▪ⱪꜞ◔כ◦ꜛfi─ ⁸ᵔⱳ☻♩ ─ ⁸ᵕ ◦☻♥ⱶ─

⁸ᵖ ─№╢ ─ ─ ⁸ᵗ◄◖ה◦☻♥ⱶ─ ╩ →≡™╢⁹ 

─ │ⱴכ♥ ◖fiⱧꜙכ♥▫fi◓ ≢№╢⅜⁸ᵓ ☿fi◘─ ≤▪

ⱪꜞ◔כ◦ꜛfi─ ⌐⁸18 ϫ─℮∟─2.58 ϫ/ 5 ⅜ ≡╠╣≡™╢⁹ ☿fi◘≤

⇔≡ ↕╣╢ │⁸ ⌂ ⁸♫ⱦ◕כ◦ꜛfi ─ ⁸

☻Ɑ◒♩ꜟ ⁸ ⅜ →╠╣≡™╢⁹ 

↓─╟℮⌐⁸ⱨꜝfi☻│₈AI ₉╩ ≤⇔⌂⅜╠⁸ ╩ ╗ ≢

/ ─ ╩ ╢≤⇔≡™╢⁹ 

 

 ─  

≢│⁸ ─ ⅜ ≈ ↕╣≡™╢⁹₈

2006 2020 ₉≤⁸₈ ▬ⱡⱬכ◦ꜛfi 2016 2030 ₉≢

№╢⁹ 

⌐ ∆╢ ─ ⌐ ↑╠╣╢─│₈

2006 2020 ₉ ⁸ ≤ ∆ ≢№╡⁸2006 ⌐ ─

⌐ ™ ⅛╠ ↕╣≡™╢⁹ ╩ 2020 ╕≢⌐ ♩♇ⱪ꜠ⱬꜟ─ ╩

≈▬ⱡⱬכ◦ꜛfi ≤∆╢↓≤╩ ⌐ →⁸ ─ ≤ ─ ≈─

─ ╩ ∂≡ ─ ╩ ∆≤⇔≡™╢⁹ ≤│⁸ᵑ ה

⁸ ≢ ⅜ ⌂ ╩ ⇔⁸↓─ ─ ╩ ⁸ᵒ

ⱪ꜡☺▼◒♩ ⁸ ╩ ─ ≤⇔≡ ╩ ⁸

ᵓ Ɫ▬♥◒ ┘ ─ ─ ≤⌂╢ ╩ ⁸ᴖ

≤ ╩fiꜛ◦כⱡⱬ▬╠⅛☼כ♬─ ↓∑╢ ╩ ≢№

╢⁹⌂⅔⁸ᵔ ─ 4 ─ ≈⌐⁸₈ ₉⅜ ↕╣≡™╢⁹ 

2021 ⌐⁸↓─ ─ ─₈2035 2021 2035 ₉ ⁸

≤ ∆ ⅜ ↕╣≡™╢⁹↓─ ≢│⁸ ⌂Ⱪ꜠כꜟ☻◒כ╩ √⇔⁸

▬ⱡⱬכ◦ꜛfi ≤⇔≡ ⌐ ∟⁸ ⁸ ⁸ ╩ ╡ →╢↓≤

╩ ≤⇔≡™╢⁹ⱳ▬fi♩≤⇔≡⁸ ─ ≡─ ⌐⅔™▬ⱡⱬכ◦ꜛfi─

─ ⅜ →╠╣≡⅔╡⁸ŋ ─ ╩ ∆╢⁸▬ⱡⱬכ◦ꜛfi♅▼כ

fi─ ╩ ╘╢⁸ᵒ ─ ▬ⱡⱬכ◦ꜛfi ╩ ∆╢⁸ᵓ ─▬ⱡⱬכ

◦ꜛfi─ ╩ ⅝ ∆⁸ᵔ ▬ⱡⱬכ◦ꜛfi─ ≤ⱷ◌♬☼ⱶ╩ ∆╢↓≤⅜

 
16 NISQ : Noisy Intermediate - Scale Quantum─ ≢⁸ ─ ◖fiⱧꜙכ♃─ ⁹ 

https://www.jst.go.jp/crds/pdf/2020/FR/CRDS - FY2020- FR- 05/CRDS- FY2020- FR- 05_60300.pdf 



 

 80  

→╠╣≡™╢⁹ 

↓─ ⌐ ∆╢ ╩ ╕ⅎ≡⁸ ⅛ ↔≤─ ≤⌂╢₈

11 ⅛ 2006 2010 ₉ ה⁸11 ≤ ∆⁹ ─ ⅛ ╙

⌐ ∆ ⅜ ↕╣≡™╢⁹2006 ─ 5 ↔≤⌐ ה⁸12╡⅔≡╣↕ ה⁸13

╩ ≡⁸2021 ⌐ ה14 ₈ ▬ⱡⱬכ◦ꜛfi 14 ⅛ 2021

2025 ₉ ⅜ ↕╣≡™╢⁹ 

⁸▬ⱡⱬכ◦ꜛfi ─ ⌐ ↑╠╣╢₈ ▬ⱡⱬכ◦ꜛfi

2016 2030 ₉ ⁸ ≤ ∆ │⁸2016 5 ⌐ ⅛╠ ↕╣

≡™╢⁹↓─ │⁸2050 ╩ ⅎ≡ 2030 ╕≢─ 15 ─ ≢№∫≡⁸

│ⱴ♇ⱪ♪כ꜡ ─╟℮⌐ ↕╣≡™╢⁹2020 ╕≢─ │⁸▬ⱡⱬכ◦ꜛfi

─ ╡╩ √⇔⁸ ╛╛╝≤╡─№╢ ─ ╩ ≤⇔≡™╢⁹2030

╕≢─ │⁸▬ⱡⱬכ◦ꜛfi ─ ─ ╩ ⇔⁸ ┘ ╩ ⁸

╩ ⌐ ↕∑⁸ ┘ ─ ─ ╩ ≤⇔≡™╢⁹

2050 ╕≢─ │⁸ ─♩♇ⱪ◒ꜝ☻─▬ⱡⱬכ◦ꜛfi ≤⌂╡⁸ ─

≤™℮ ─ ─ ╩ ≤⇔≡™╢⁹№╦∑≡ 2030 ╕≢⌐⁸ ─ ⌐

⌂ ⁸ ─√╘─ ⇔ ∫√ ⁸ ─ ╩ ⇔≡⁸ ∆╢

╩ ∆╢↓≤╩ ≤⇔≡™╢⁹ 

3- 2- 8⌐ ⌐⅔↑╢ fiꜛ◦כⱡⱬ▬ה ─ ╩ ∆⁹ 

 

3- 2- 8 ⌐⅔↑╢ fiꜛ◦כⱡⱬ▬ה ─  

 

5 ꜠ⱦꜙכ⌐ ♃כ♦╢∆  2020 3  

https://www8.cao.go.jp/cstp/tyousakai/kihon6/4kai/siryo1 - 2- 1.pdf  

 

 

ה14 ⌐⅔™≡₈ ─ ─ ₉⅜ →╠╣≡™╢⁹↓─

│⁸AI⁸ ⁸ ⁸ Ⱬꜟ☻◔▪⁸ה ה ⁸ ○▬Ᵽה

♥◒ⱡ꜡☺⁸כ ה ה ה ─ ≈≢№╢⁹↓─℮∟─

⌐ ∆╢ ≤⇔≡│⁸ᵑ ה ⁸ ─ ─ ⁸ᵒ

≤ ◦Ⱶꜙ꜠כ◦ꜛfi ─ ⁸ᵓ ─Ⱪ꜠כ

⅜כꜟ☻◒ →╠╣≡⅔╡⁸ ⅜◓fi◦fi☿ה ─ ─ ≈≤
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⇔≡ →╠╣≡™╢⁹∆⌂╦∟ ⌐⅔↑╢ ה⁸13│ ≢₈ ה

₉⅜ ה⁸14⅜√™≡╣↕ ≢│⁸ ⁸ ⁸ ─◓fi◦fi☿ה

3 ☿♇♩≤⌂∫√ ⌂ ─ ⅜ ה⁸14╡⅔≡╣↕⌐ ≤ ה13 ≤─ ™

─ ≈≤⌂∫≡™╢⁹ 

ה⁸14√╕ ⌐⅔™≡₈ ─ ╩ ₉⅜ →╠╣≡⅔╡⁸ ⅛ ≢ ╘≡

↕╣√₈ ₉ ⌐≈™≡⁸ ⌐ ╘╢ ╩ 8 ⌐ ∆╢≤⇔≡

™╢⁹ ⌐≈™≡⁸ ⅛╠╟╡ ⇔≡™ↄ↓≤╩₈ ₉

≢ ⌐⇔√↓≤⅜ ↕╣≡™╢⁹ 

ה⁸14⌐╠↕ ⌐⅔↑╢ ⁸ ⁸ ◓fi◦fi☿ה ⅜

₈ ─ ⌐⅔™≡₉≤ ה⁸14╡⅔≡╣↕ ≢ ⌐ ↕╣√ ה

☿fi◦fi◓─ ⅜ ↕╣╢⁹ 

╙ ╘√ ▬ⱡⱬכ◦ꜛfi≢ ↕╣╢─│ 2015 ⌐ ─₈

2025₉≢№╢⁹ ≤⇔≡⁸2025 ╕≢⌐ ┼─ ╡⇔⁸2049

100 ╕≢⌐ ─♩♇ⱪ◓ꜟכⱪ⌐ ╡╩ √⇔≡⁸▬ⱡⱬכ◦ꜛfi

─₈ ₉⅛╠₈ ₉┼─ ╩ ⇔≡™╢⁹ ╩ ╗ 10─

─ ╩⁸▬ⱡⱬכ◦ꜛfi⌐╟╢ ╩ ⌐⁸ ─ ⁸ ─

⁸ ⁸ ⌐ fiכꜞ◓™⇔ ─ ⌂≥⌐╟╡ ╩ ⇔≡™╢⁹ 

3- 2- 7⌐ ◓fi◦fi☿ה ─◓ꜝfi♩ ╩ ⌐ ∆⁹ 

 

3- 2- ◓fi◦fi☿ה 7 ─◓ꜝfi♩  

 

╟╡ ╩♃כ♦ ⌐ ⅜  

 

 ─  

│⁸1997 ─ ╩ ╡ ⅎ√ 1999 ⌐₈2025 ⌐ ↑√ ⱦ

☺ꜛfi₉╩ ⇔≡™╢⁹↓─ ≢⁸ ─♩♇ⱪ꜠ⱬꜟ─ ─ ╩ ⇔⁸

─ ≤ ─ ╩ⱳ▬fi♩≤⇔≡ →≡™╢⁹ 

2001 ⌐₈ ₉⅜ ↕╣⁸ 1998 2003 ⌐╟╡

₈ 5⅛ ₉ 2002 2006 ⅛╠ ∆╢ ≢ 1 ₈

₉ 2002 2006 ⅜ ↕╣≡™╢⁹⇔⅛⇔ 2003 2008 │⁸
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─ ⌐ ╦∑√ ≤⇔≡₈ ₉ 2003 2007 ╩ ╘≡

1 ₈ ₉≤⇔≡™╢⁹ 

─ 2008 2013 ⌐⌂∫≡ 2 ₈ ₉ 2008

2012 ⅜ ↕╣⁸↕╠⌐ 2014 2017 ─ 3 ₈

₉ 2013 2017 ≤⌂∫√⅜⁸ ⅜ ה ↕╣√ ⁸ 2017

2022 ⅜ 4 ₈ ₉ 2018 2022 ╩ ╘≡™╢⁹ 

↓─ 4 ₈ ₉─ ≤⇔≡⁸ᵑ ┼─ ─√╘─

─ ⁸ᵒ ⅜ ⌐ ╦╣╢ ─ ≠ↄ╡⁸ᵓ ⅜ ∆╢ ה

─ ⁸ᵔ ≢ ⅜ ∑⌂ ─ ─ ≈⅜ →╠╣≡™╢⁹ 3- 2- 9⌐ 4

₈ ₉⌐⅔↑╢ ─ ╩ ∆⁹ 

 

3- 2- 9 4 ₈ ₉⌐⅔↑╢ ─  

─  ─  2019 CRDS 

https://www.jst.go.jp/crds/pdf/2018/FR/CRDS - FY2018- FR- 05/CRDS- FY2018- FR- 05_10.pdf 

 

3- 2- 9─ 4 ₈ ₉─ ─ ≤⇔≡⁸

⅜ →╠╣≡™╢⅜⁸ │◓fi◦fi☿ה →╠╣≡™⌂™⁹⌂⅔⁸

─ ₈ ₉⅜⁸ ─ ה ≤⇔≡⁸

─ ≤ ─ ≤ ⌐ ∆╢ ╩ ∫≡™╢⁹ 

⁸ ⌐≈™≡│⁸ ⌐ ─ ≢ ≤ ⇔≡ ╘╠╣≡⅔

╡⁸ ≤╙ ─ ≤─₈ ─ ⱨ◊כꜝⱶ₉ ╩ ∂≡ ╘≡™ↄ

↓≤⅜ ╠⅛⌐⌂∫≡™╢⁹ 

╕√ ⅛╠⁸ ≢ ⌂ ≈─ ─ ⌐ ⅜

↕╣≡™╢⁹∕─ ≈⅜ ─ ≢№╡⁸ 8 ⌐ 8 ►◊

fi─ ⅜ ↕╣╢↓≤⅜ ↕╣≡™╢⁹ 

─ ≢│ ⌂ │ ╘╠╣≡™╢⅜⁸ ꜠ⱬꜟ≢ ⇔≡

⇔≡™╢ │ ↑╠╣⌂™⁹2021 6 ⌐⁸₈ ─ ┘ ⌐

∆╢ ₉⅜ ↕╣⁸ ─ ⁸ ⁸ ⁸ ≤ ⌐ ∆

╢ ⌐ ⇔ ⇔≡ ↕╣≡™╢⁹ ⁸ ─ ⅜ ↕╣⁸ ≤

⅜ ─ ⌐ ⅛℮≤ ╦╣╢⁹ 
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3- 2- 8⌐⁸ ◓fi◦fi☿ה ─◓ꜝfi♩ ╩ ∆⁹ 

 

3- 2- ◓fi◦fi☿ה 8 ─◓ꜝfi♩  

 

☻כⱬ♃כ♦ NTIS╩ ⌐ ⅜  

 

  

No. ФкЅϴϼЕ

יּ

Ṑḩ

ᵫ◐

Ỳᶛ

 ϳ϶р

ˢᴑדˣ

1 ⱲἋḧ ᾆẕ

ᾖ◓ Ⱳὓ - Ыϱϼк ІϱАЎֲố ЄІГЭχᵫ  - Ыϱϼк

Ḅ ІϱАЎχΩ ᴟρЫϱϼк Ϧ ᶎΤήχ ᴣ - й˔Ѓ˔ЄІ

ГЭχᵠ ρ ṍӗ ֲố ᴣ - Ặ ṀЫϱϼк ӡ ῠ ᴣχθ

ϛχ Ⱳὓ ἱּה χᵫ ρ ᶎΤήχ ᴣ   Ίᶊ◓Ⱳὓᵫ  - Ί

ᶊ◓Ⱳὓ1‹Ṑ

┬ҍ

ḫ⁯ ᴬᶘᾆẕԚ

2012

2017

20,389

(20.4)

2

◓Ӛ‹   τϢ

ϥ ᾁ Ṫ ẉό

QKD‰ ᴟχθϛχᶋ

Ṫ χᵫ

 ʾ Ц˔ІχInGaAs / InPԁΊ◓ᾁ Ṁ  ὓρ  * MQW

Ц˔ІχAPD⌠ / ᴣ£ *‰῟ SPAD ⌠ˢ 30̋ˣ£ *TEC Я

Ѕв˔и ⌠£ ʹὫ ὧḪΩ ᴟᾆẕ

 ʾInGaAsˢPˣ/ InP MQWԁΊ◓ᾁ Ṁ  ϵС

 ʾInGaAs / InPԁΊ◓ᾁ ṀϵС  ӛήϦθ◌ᾕ Ϭ ΜθẊ

χᶊ◓ › Ὧ ὓτϢϥẊ ρ χῡήτϢϥӚ ὓ▄χ

θϛχФкϽжЭ⌠ ρ ᵔ

 ̔ᾍ

ϯϱДϷрϼЌрϼ

ᶴ꜠ᵓּז

2015

2018

15,034

(15.0)

3
ὓṁ Spin-Obitoics

∙ᵫ

ʾ ꜗᴟSOT ∙ᵫ £ - ρὓ▄ᴬᶘϬ ΰοSOT῟ Ϭΰ π

Φϥ∙ › ρםᾓτϢϥᾁ  - ∙ χΩ Ϭ ꜗṓὓ▄

τ ϙ₅ϚάρτϢϥІϱАЎрϽⱲḧχ ρ    ꜗṓЕрКи ›

τϢϤם ᴟΥᴦ σ  Ϭ ◙ΰʺ ꜗᴟSOT ∙χ ꜗ ІϱА

ЎрϽṪ ᵫ  - SOTІϱАЎрϽ῟ Ϭΰ ήδϥάρΥπΦϥ∙

ᵦ   ρ ⇔  Ὲ ꜠χ

 ͟₅͐

‰ ᶘ

2015

2016

6,624

(6.6)

4

◓Ṫ Ϭ Μθ‰ḇ

ὓЈрЂ˔Ṫ χ

ᵫ

 ʾ‰ḇ ◓ ὓχ► χ ρ ᶎΤήχ ᴣ 

ʾ Ί◓ ӱ ЄТЕτϢϥ ϷТЈАЕ ρ ᶎΤήχ

ᴣ 

ʾЀзϷз τϢϥ χ ρ ᶎΤήχ  жЫрй˔Ѓ

ϙτϢϥ ϷТЈАЕ ρ ᶎΤήχ ᴣ

ʾжЫрй˔Ѓ˔χ ρ ᶎΤήχ ᴣ

ʾ τ ẉΰθЫϱϼк

̾ ↔

ḫ⁯ ᴬᶘᾆẕԚ

2014

2015

4,786

(4.8)
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◓fi◦fi☿ה ⌐ ∆╢ ⌐≈™≡ ╟╡ ╩ ∫√⁹ 

 

 ≤  

 

  

◓fi◦fi☿ה ⌐ ∆╢ ─ 7 ╩ ≤⇔≡⁸ ⌐≈™≡

⁸ ╩ ∫√⁹ 

ה ☿fi◘ 

ה ☻Ⱨfi♩꜡♬◒☻☿fi◘ 

ה ╙≈╣ ☿fi◘ 

ה  

ה ☿fi◘ 

ה  

─⧵ה SQUID⁸ ⁸ⱨ◊ⱡfi☿fi◦fi◓  

 

  

 

PCTה  

ה ⁸ ⁸ ⁸ ⁸ ┼─  

ה ⁸ ⁸ ⁸ ⁸ ≢─  

┼─ ⌐≈™≡│⁸ EPC ⌐ ≠ↄ ┼─ ∞↑≢⌂ↄ⁸

EPC ─℮∟≢ ─ ⌐☻כⱬ♃כ♦√⇔ ↕╣√ ┼─ ╩ ≤⇔

√⁹ 

 

 ☻כⱬ♃כ♦√⇔

─ ⌐ ⁸Derwent Innovation│☻כⱬ♃כ♦√⇔ ≢№╢⁹ 

 

 

⇔√ │⁸ ╩ ⌐⁸2010 ⅛╠ 2019 ⌐ ↕╣

≡™╢╙─╩ ≤⇔√⁹ ⌐≈™≡╙ ⌐⁸ ╩ ⌐⁸

2010 ⅛╠ 2019 ⌐ ↕╣√╙─╩ ≤⇔√⁹ 

 

─  

7 ⌐≈™≡⁸IPC≤◐כ꞉כ♪╩ ™√ 1─ ⌐╟╡⁸ ╩

⇔√⁹ 
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 PCT ┘  

PCT │⁸ ⌐ ≠ↄ ≢⁸ ≈─ ⌐╟╡ PCT ─ ≡

─ ⌐ ⌐ ⇔√↓≤⌐⌂╢╙─≢⁸ ╩ ↄ ⇔╟℮≤∆╢ ⌐ ↕╣╢⁹

⅛╠ 30⅛ ─ ⅜ ∆╢ ⌐ ╩ ╡√™ PCT ─ ⌐ ∆╢

⅜№╢⁹ ─ ╟╡ ↄ♦כ♃ⱬכ☻⌐ ↕╣╢√╘ ─ ╩ ╢─⌐

⇔≡™╢⁹ 

 

 

4- 2- 1⌐ ◓fi◦fi☿ה ─ PCT ┘

╩ ∆⁹PCT ─ 2010 2019 ─ │ 1,241 ≢⁸ ≢

╙ ™─│ ─ 560 ≢ ─ 45.1 ╩ ╘≡™╢⁹ ™≢⁸ ─ 310 (25.0 )⁸

⅜ 189 (15.2 )⁸∕─ ⅜ 98 (7.9 )⁸ ⅜ 42 (3.4 )⁸ ⅜ 42

(3.4 )≢№╢⁹ ≤⇔≡│ ⅜ ⌐ PCT ╩ ⇔≡™╢⁹ 

 

4- 2- 1 PCT ┘ 2010- 2019  
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☿fi◘ 

4- 2- 2⌐ ☿fi◘ PCT ┘ ╩ ∆⁹PCT

─ 2010 2019 ─ │ 134 ≢⁸ ≢ ╙ ™─│ ─

77 ≢ ─ 57.5 ╩ ╘≡™╢⁹ ™≢⁸ ─ 36 (26.9 )⁸ ⅜ 12

(9.0 )⁸∕─ ⅜ 9 (6.7 )≢№╢⁹ ─ ⅜ ╩ ╘≡™╢⁹2017 2019

⌐⅛↑≡ ⅜ ⅎ≡™╢⁹ 

 

4- 2- 2 ☿fi◘ PCT ┘
2010- 2019  
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9.0%

77

57.5%

36

26.9%
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☻Ⱨfi♩꜡♬◒☻☿fi◘ 

4- 2- 3⌐ ☻Ⱨfi♩꜡♬◒☻☿fi◘ PCT ┘

╩ ∆⁹PCT ─ 2010 2019 ─ │ 536 ≢⁸ ≢ ╙

™─│ ─ 351 ≢ ─ 65.5 ╩ ╘≡™╢⁹ ™≢⁸ ─ 73 (13.6 )⁸

⅜ 51 (9.5 )⁸∕─ ⅜ 25 (4.7 )⁸ ⅜ 23 (4.3 )⁸ ⅜ 13

(2.4 )≢№╢⁹ 

 

4- 2- 3 ☻Ⱨfi♩꜡♬◒☻☿fi◘ PCT ┘
2010- 2019  
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25
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╙≈╣ ☿fi◘ 

4- 2- 4⌐ ╙≈╣ ☿fi◘ PCT ┘ ╩ ∆⁹

PCT ─ 2010 2019 ─ │ 33 ≢⁸ ≢ ╙ ™─│

≤ ─ 10 ≢∕╣∙╣ ─ 30.3 ╩ ╘≡™╢⁹ ™≢⁸∕─ ⅜ 8 (24.2 )⁸

⅜ 2 (6.1 )⁸ ⅜ 2 (6.1 )⁸ ⅜ 1 (3.0 )≢№╢⁹2015 2019

⌐⅛↑≡ ⅜ ⅎ≡™╢⁹ 

 

4- 2- 4 ╙≈╣ ☿fi◘ PCT ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

2 2 2 2

5

1

2

4
5

8

0

2

4

6

8

10

0

2

4

6

8

10

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

2010 2019

2

6.1%

10

30.3%

10

30.3%

1

3.0%

2

6.1%

8

24.2%

33
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4- 2- 5⌐ PCT ┘ ╩ ∆⁹PCT

─ 2010 2019 ─ │ 207 ≢⁸ ≢ ╙ ™─│ ─

151 ≢ ─ 72.9 ╩ ╘≡™╢⁹ ™≢⁸ ─ 20 (9.7 )⁸ ⅜ 16

(7.7 )⁸ ⅜ 7 (3.4 )⁸ ⅜ 7 (3.4 )⁸∕─ ⅜ 6 (2.9 )≢№╢⁹ 

 

4- 2- 5 PCT ┘
2010- 2019  
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☿fi◘ 

4- 2- 6⌐ ☿fi◘ PCT ┘ ╩ ∆⁹PCT

─ 2010 2019 ─ │ 23 ≢⁸ ≢ ╙ ™─│ ─

10 ≢ ─ 43.5 ╩ ╘≡™╢⁹ ™≢⁸ ─ 5 (21.7 )⁸∕─ ⅜ 4 (17.4 )⁸

⅜ 3 (13.0 )⁸ ⅜ 1 (4.3 )≢№╢⁹ 

 

4- 2- 6 ☿fi◘ PCT ┘
2010- 2019  
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4- 2- 7⌐ PCT ┘ ╩ ∆⁹PCT

─ 2010 2019 ─ │ 48 ≢⁸ ≢ ╙ ™─│ ─

23 ≢ ─ 47.9 ╩ ╘≡™╢⁹ ™≢⁸ ─ 8 (16.7 )⁸∕─ ⅜ 8 (16.7 )⁸

⅜ 6 (12.5 )⁸ ⅜ 2 (4.2 )⁸ ⅜ 1 (2.1 )≢№╢⁹2019 ─

⅜ 10 ≤ ™⁹ 

 

4- 2- 7 PCT ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

4 4

1

7

4
3

4

6

5

10

0

5

10

15

20

0

5

10

15

20

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

2010 2019

6

12.5%

8

16.7%

23

47.9%

2

4.2%

1

2.1%

8

16.7%

48
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∕─  

4- 2- 8 ⌐∕─ SQUID PCT ┘ ╩

∆⁹PCT ─ 2010 2019 ─ │ 143 ≢⁸ ≢ ╙ ™─│

─ 67 ≢ ─ 46.9 ╩ ╘≡™╢⁹ ™≢⁸ ─ 26 (18.2 )⁸∕─ ⅜

25 (17.5 )⁸ ⅜ 16 (11.2 )⁸ ⅜ 7 (4.9 )⁸ ⅜ 2 (1.4 )≢

№╢⁹2019 ─ ⅜ 28 ≤ ™⁹ 

 

4- 2- 8 ∕─ SQUID PCT ┘
2010- 2019  
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4- 2- 9⌐∕─ PCT ┘

╩ ∆⁹PCT ─ 2010 2019 ─ │ 126 ≢⁸ ≢ ╙

™─│ ─ 42 ≢ ─ 33.3 ╩ ╘≡™╢⁹ ™≢⁸ ─ 39 31.0 ⁸

∕─ ⅜ 18 (14.3 )⁸ ⅜ 12 (9.5 )⁸ ⅜ 10 (7.9 )⁸ ⅜ 5

(4.0 )≢№╢⁹ 

 

4- 2- 9 ∕─ PCT ┘
2010- 2019  
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4- 2- 10⌐∕─ ⱨ◊ⱡfi☿fi◦fi◓ PCT ┘

╩ ∆⁹PCT ─ 2010 2019 ─ │ 27 ≢⁸ ≢

╙ ™─│ ─ 11 ≢ ─ 40.7 ╩ ╘≡™╢⁹ ™≢⁸ ─ 6 (22.2 )⁸

⅜ 4 (14.8 )⁸∕─ ⅜ 3 (11.1 )⁸ ⅜ 2 (7.4 )⁸ ⅜ 1

(3.7 )≢№╢⁹ 

 

4- 2- 10 ∕─ ⱨ◊ⱡfi☿fi◦fi◓ PCT ┘
2010- 2019  
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 ┘  

◓fi◦fi☿ה ─ ─ ┘ ╩ ∆⁹

≢≥↓╩ ⇔≡™╢⅛ ╢↓≤⅜≢⅝╢⁹ 

 

 

◓fi◦fi☿ה ─ ┘ ╩ 4- 2- 11⌐

∆⁹ 2010 2019 ─ │ 12,946 ≢⁸ ≢ ╙ ™─│ ┼─

─ 4,147 ≢ ─ 32.0 ╩ ╘≡™╢⁹ ™≢⁸ ┼─ ⅜ 3,781 (29.2 )⁸

┼─ ⅜ 2,478 (19.1 )⁸ ┼─ ⅜ 1,773 (13.7 )⁸ ┼─ ⅜ 767

(5.9 )≢№╢⁹ ┼─ ⅜ ⇔≡™╢⁹ 

 

4- 2- 11 ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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☿fi◘ 

☿fi◘─ ┘ ╩ 4- 2- 12⌐ ∆⁹

2010 2019 ─ │ 775 ≢⁸ ≢ ╙ ™─│ ┼─ ─ 265 ≢

─ 34.2 ╩ ╘≡™╢⁹ ™≢⁸ ┼─ ⅜ 198 (25.5 )⁸ ┼─ ⅜ 190

(24.5 )⁸ ┼─ ⅜ 90 (11.6 )⁸ ┼─ ⅜ 32 (4.1 )≢№╢⁹ ┼─

⅜ ⇔≡™╢⁹ 

 

4- 2- 12 ☿fi◘ ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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☻Ⱨfi♩꜡♬◒☻☿fi◘ 

☻Ⱨfi♩꜡♬◒☻☿fi◘─ ┘ ╩ 4- 2- 13 ⌐

∆⁹ 2010 2019 ─ │ 6,743 ≢⁸ Ⱬ♇♪⁸MRAM┼─ ⅜ ╪≢

⅔╡ ─ ≤ ⇔≡ ⅜ ™⁹ ≢ ╙ ™─│ ┼─ ─ 2,084 ≢

─ 30.9 ╩ ╘≡™╢⁹ ™≢⁸ ┼─ ⅜ 1,828 (27.1 )⁸ ┼─ ⅜

1,517 (22.5 )⁸ ┼─ ⅜ 901 (13.4 )⁸ ┼─ ⅜ 413 (6.1 )≢№╢⁹

┼─ ⅜ ⇔≡™╢⁹ 

 

4- 2- 13 ☻Ⱨfi♩꜡♬◒☻☿fi◘ ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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╙≈╣ ☿fi◘ 

╙≈╣ ☿fi◘─ ┘ ╩ 4- 2- 14⌐ ∆⁹

2010 2019 ─ │ 484 ≢⁸ ≢ ╙ ™─│ ┼─ ─ 259

≢ ─ 53.5 ╩ ╘≡™╢⁹ ™≢⁸ ┼─ ⅜ 120 (24.8 )⁸ ┼─ ⅜ 44

(9.1 )⁸ ┼─ ⅜ 42 (8.7 )⁸ ┼─ ⅜ 19 (3.9 )≢№╢⁹ ┼─

⅜ ⇔≡™╢⁹ 

 

4- 2- 14 ╙≈╣ ☿fi◘ ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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─ ┘ ╩ 4- 2- 15 ⌐ ∆⁹

2010 2019 ─ │ 1,797 ≢⁸ ≢ ╙ ™─│ ┼─ ─ 777 ≢

─ 43.2 ╩ ╘≡™╢⁹ ™≢⁸ ┼─ ⅜ 469 (26.1 )⁸ ┼─ ⅜ 333

(18.5 )⁸ ┼─ ⅜ 130 (7.2 )⁸ ┼─ ⅜ 88 (4.9 )≢№╢⁹ ┼─

⅜ ⇔≡™╢⁹ 

 

4- 2- 15 ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 

 

  

469

26.1%
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☿fi◘ 

☿fi◘─ ┘ ╩ 4- 2- 16⌐ ∆⁹

2010 2019 ─ │ 271 ≢⁸ ≢ ╙ ™─│ ┼─ ─ 126 ≢

─ 46.5 ╩ ╘≡™╢⁹ ™≢⁸ ┼─ ⅜ 68 (25.1 )⁸ ┼─ ⅜ 48

(17.7 )⁸ ┼─ ⅜ 22 (8.1 )⁸ ┼─ ⅜ 7 (2.6 )≢№╢⁹ ┼─

⅜ ⇔≡™╢⁹ 

 

4- 2- 16 ☿fi◘ ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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─ ┘ ╩ 4- 2- 17 ⌐ ∆⁹

2010 2019 ─ │ 1,068 ≢⁸ ≢ ╙ ™─│ ┼─ ─ 556 ≢

─ 52.1 ╩ ╘≡™╢⁹ ™≢⁸ ┼─ ⅜ 259 (24.3 )⁸ ┼─ ⅜ 138

(12.9 )⁸ ┼─ ⅜ 88 (8.2 )⁸ ┼─ ⅜ 27 (2.5 )≢№╢⁹ 

 

4- 2- 17 ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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∕─  

∕─ SQUID ─ ┘ ╩ 4- 2- 18⌐ ∆⁹ 

2010 2019 ─ │ 1,188 ≢⁸ ≢ ╙ ™─│ ┼─

─ 464 ≢ ─ 39.1 ╩ ╘≡™╢⁹ ™≢⁸ ┼─ ⅜ 234 (19.7 )⁸ ┼─

⅜ 206 (17.3 )⁸ ┼─ ⅜ 193 (16.2 )⁸ ┼─ ⅜ 91 (7.7 )≢№

╢⁹ 

 

4- 2- 18 ∕─ SQUID ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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∕─ ─ ┘ ╩ 4- 2- 19⌐

∆⁹ 2010 2019 ─ │ 573 ≢⁸ ≢ ╙ ™─│ ┼─

─ 189 ≢ ─ 33.0 ╩ ╘≡™╢⁹ ™≢⁸ ┼─ ⅜ 154 (26.9 )⁸ ┼─

⅜ 124 (21.6 )⁸ ┼─ ⅜ 66 (11.5 )⁸ ┼─ ⅜ 40 (7.0 )≢№

╢⁹ 

 

4- 2- 19 ∕─ ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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∕─ ⱨ◊ⱡfi☿fi◦fi◓ ─ ┘ ╩ 4- 2-

20⌐ ∆⁹ 2010 2019 ─ │ 349 ≢⁸ ≢ ╙ ™─│ ┼

─ ─ 148 ≢ ─ 42.4 ╩ ╘≡™╢⁹ ™≢⁸ ┼─ ⅜ 77 (22.1 )⁸

┼─ ⅜ 60 (17.2 )⁸ ┼─ ⅜ 33 (9.5 )⁸ ┼─ ⅜ 31 (8.9 )≢

№╢⁹ ┼─ ⅜ ⇔≡™╢⁹ 

 

4- 2- 20 ∕─ ⱨ◊ⱡfi☿fi◦fi◓
┘ 2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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 ┘

2010- 2019  

◓fi◦fi☿ה ─ ┘ ╩ ∆⁹

≢≥↓╩ ⇔≡™╢⅛╩ ╢↓≤⅜≢⅝╢⁹ 

 

 

◓fi◦fi☿ה ─ ┘ ╩ 4- 2- 21⌐

∆⁹ 2010 2019 ─ │ 3, 942 ≢⁸ ≢ ╙ ™─│ ≢─

─ 1,747 ≢ ─ 44.3 ╩ ╘≡™╢⁹ ™≢⁸ ≢─ ⅜ 1,356 (34.4 )⁸

≢─ ⅜ 455 (11.5 )⁸ ≢─ ⅜ 203 (5.1 )⁸ ≢─ ⅜ 181

(4.6 )≢№╢⁹ ⅜ ↕╣≡™╢↓≤⅜ ⅛╢⁹ 

 

4- 2- 21 ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

≢ ╛ ─ ⅜ ∆╢√╘⁸2019 ⌐ ≠ↄ⌐≈╣≡ ⅜ ∆╢↓≤⌐

∆╢↓≤⁹ 
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☿fi◘ 

☿fi◘─ ┘ ╩ 4- 2- 22⌐ ∆⁹

2010 2019 ─ │ 202 ≢⁸ ≢ ╙ ™─│ ≢─ ─ 92 ≢

─ 45.5 ╩ ╘≡™╢⁹ ™≢⁸ ≢─ ⅜ 73 (36.1 )⁸ ≢─ ⅜ 16

(7.9 )⁸ ≢─ ⅜ 11 (5.4 )⁸ ≢─ ⅜ 10 (5.0 )≢№╢⁹ ⅜ ↕

╣≡™╢↓≤⅜ ⅛╢⁹2016 2018 ⌐⅛↑≡ ─ ⅜ ⇔≡™╢⁹ 

 

4- 2- 22 ☿fi◘ ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

≢ ╛ ─ ⅜ ∆╢√╘⁸2019 ⌐ ≠ↄ⌐≈╣≡ ⅜ ∆╢↓≤⌐

∆╢↓≤⁹ 
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☻Ⱨfi♩꜡♬◒☻☿fi◘ 

☻Ⱨfi♩꜡♬◒☻☿fi◘─ ┘ ╩ 4- 2- 23 ⌐

∆⁹ 2010 2019 ─ │ 1,929 ≢⁸ ≢ ╙ ™─│ ≢─

─ 1,011 ≢ ─ 52.4 ╩ ╘≡™╢⁹ ™≢⁸ ≢─ ⅜ 439 (22.8 )⁸

≢─ ⅜ 298 (15.4 )⁸ ≢─ ⅜ 98 (5.1 )⁸ ≢─ ⅜ 83 (4.3 )

≢№╢⁹ ⅜ ↕╣≡™╢↓≤⅜ ⅛╢⁹ 

 

4- 2- 23 ☻Ⱨfi♩꜡♬◒☻☿fi◘ ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

≢ ╛ ─ ⅜ ∆╢√╘⁸2019 ⌐ ≠ↄ⌐≈╣≡ ⅜ ∆╢↓≤⌐

∆╢↓≤⁹ 
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╙≈╣ ☿fi◘ 

╙≈╣ ☿fi◘─ ┘ ╩ 4- 2- 24⌐ ∆⁹

2010 2019 ─ │ 210 ≢⁸ ≢ ╙ ™─│ ≢─ ─ 123

≢ ─ 58.6 ╩ ╘≡™╢⁹ ™≢⁸ ≢─ ⅜ 52 (24.8 )⁸ ≢─ ⅜ 13

(6.2 )⁸ ≢─ ⅜ 12 (5.7 )⁸ ≢─ ⅜ 10 (4.8 )≢№╢⁹ ⅜

↕╣≡™╢↓≤⅜ ⅛╢⁹2016 2019 ─ ≢─ ⅜ ™⁹ 

 

4- 2- 24 ╙≈╣ ☿fi◘ ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

≢ ╛ ─ ⅜ ∆╢√╘⁸2019 ⌐ ≠ↄ⌐≈╣≡ ⅜ ∆╢↓≤⌐

∆╢↓≤⁹ 
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─ ┘ ╩ 4- 2- 25 ⌐ ∆⁹

2010 2019 ─ │ 512 ≢⁸ ≢ ╙ ™─│ ≢─ ─ 274 ≢

─ 53.5 ╩ ╘≡™╢⁹ ™≢⁸ ≢─ ⅜ 121 (23.6 )⁸ ≢─ ⅜ 91

(17.8 )⁸ ≢─ ⅜ 15 (2.9 )⁸ ≢─ ⅜ 11 (2.1 )≢№╢⁹ ⅜

↕╣≡™╢↓≤⅜ ⅛╢⁹2013 2019 ─ ≢─ ⅜ ™⁹ 

 

4- 2- 25 ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

≢ ╛ ─ ⅜ ∆╢√╘⁸2019 ⌐ ≠ↄ⌐≈╣≡ ⅜ ∆╢↓≤⌐

∆╢↓≤⁹ 
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☿fi◘ 

☿fi◘─ ┘ ╩ 4- 2- 26⌐ ∆⁹

2010 2019 ─ │ 86 ≢⁸ ≢ ╙ ™─│ ≢─ ─ 40 ≢

─ 46.5 ╩ ╘≡™╢⁹ ™≢⁸ ≢─ ⅜ 24 (27.9 )⁸ ≢─ ⅜ 11

(12.8 )⁸ ≢─ ⅜ 6 (7.0 )⁸ ≢─ ⅜ 5 (5.8 )≢№╢⁹ ⅜ ↕

╣≡™╢↓≤⅜ ⅛╢⁹2017 2019 ─ ≢─ ⅜ ™⁹ 

 

4- 2- 26 ☿fi◘ ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

≢ ╛ ─ ⅜ ∆╢√╘⁸2019 ⌐ ≠ↄ⌐≈╣≡ ⅜ ∆╢↓≤⌐

∆╢↓≤⁹ 
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─ ┘ ╩ 4- 2- 27 ⌐ ∆⁹

2010 2019 ─ │ 474 ≢⁸ ≢ ╙ ™─│ ≢─ ─ 274 ≢

─ 57.8 ╩ ╘≡™╢⁹ ™≢⁸ ≢─ ⅜ 145 (30.6 )⁸ ≢─ ⅜ 29

(6.1 )⁸ ≢─ ⅜ 13 (2.7 )⁸ ≢─ ⅜ 13 (2.7 )≢№╢⁹ ⅜ ↕

╣≡™╢↓≤⅜ ⅛╢⁹2013 2019 ─ ≢─ ⅜ ™⁹ 

 

4- 2- 27 ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

≢ ╛ ─ ⅜ ∆╢√╘⁸2019 ⌐ ≠ↄ⌐≈╣≡ ⅜ ∆╢↓≤⌐

∆╢↓≤⁹ 
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∕─  

∕─ SQUID ─ ┘ ╩ 4- 2- 28⌐ ∆⁹

2010 2019 ─ │ 403 ≢⁸ ≢ ╙ ™─│ ≢─ ─ 274

≢ ─ 68.0 ╩ ╘≡™╢⁹ ™≢⁸ ≢─ ⅜ 81 (20.1 )⁸ ≢─ ⅜

24 (6.0 )⁸ ≢─ ⅜ 17 (4.2 )⁸ ≢─ ⅜ 7 (1.7 )≢№╢⁹ ⅜

↕╣≡™╢↓≤⅜ ⅛╢⁹ 

 

4- 2- 28 ∕─ SQUID ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

≢ ╛ ─ ⅜ ∆╢√╘⁸2019 ⌐ ≠ↄ⌐≈╣≡ ⅜ ∆╢↓≤⌐

∆╢↓≤⁹ 
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∕─ ─ ┘ ╩ 4- 2- 29⌐

∆⁹ 2010 2019 ─ │ 105 ≢⁸ ≢ ╙ ™─│ ≢─

─ 60 ≢ ─ 57.1 ╩ ╘≡™╢⁹ ™≢⁸ ≢─ ⅜ 24 (22.9 )⁸ ≢─

⅜ 10 (9.5 )⁸ ≢─ ⅜ 8 (7.6 )⁸ ≢─ ⅜ 3 (2.9 )≢№╢⁹

⅜ ↕╣≡™╢↓≤⅜ ⅛╢⁹2013 2019 ─ ≢─ ⅜ ™⁹ 

 

4- 2- 29 ∕─ ┘
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

≢ ╛ ─ ⅜ ∆╢√╘⁸2019 ⌐ ≠ↄ⌐≈╣≡ ⅜ ∆╢↓≤⌐

∆╢↓≤⁹ 
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∕─ ⱨ◊ⱡfi☿fi◦fi◓ ─ ┘ ╩ 4- 2-

30⌐ ∆⁹ 2010 2019 ─ │ 95 ≢⁸ ≢ ╙ ™─│ ≢

─ ─ 31 ≢ ─ 32.6 ╩ ╘≡™╢⁹ ™≢⁸ ≢─ ⅜ 30 (31.6 )⁸

≢─ ⅜ 28 (29.5 )⁸ ≢─ ⅜ 3 (3.2 )⁸ ≢─ ⅜ 3 (3.2 )≢№

╢⁹ 

 

4- 2- 30 ∕─ ⱨ◊ⱡfi☿fi◦fi◓
┘ 2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

≢ ╛ ─ ⅜ ∆╢√╘⁸2019 ⌐ ≠ↄ⌐≈╣≡ ⅜ ∆╢↓≤⌐

∆╢↓≤⁹ 
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 ⱨ□Ⱶꜞכ ┘ⱨ□Ⱶꜞכ  

◓fi◦fi☿ה ─ ⱨ□Ⱶꜞכ ┘ⱨ□Ⱶꜞכ ╩

∆⁹ ↔≤─ ╩ ╢↓≤⅜≢⅝╢⁹ 

 

 

4- 2- 31⌐ ◓fi◦fi☿ה ─ ⱨ□Ⱶꜞכ ┘ⱨ□Ⱶ

כꜞ ╩ ∆⁹ⱨ□Ⱶꜞכ 2010 2019 ─ │ 8,332 ≢⁸

≢ ╙ ™─│ ─ 2,829 ≢ ─ 34.0 ╩ ╘≡™╢⁹ ™≢⁸ ─ 2,105

(25.3 )⁸ ⅜ 1,862 (22.3 )⁸ ⅜ 755 (9.1 )⁸ ⅜ 426 (5.1 )⁸

∕─ ⅜ 355 (4.3 )≢№╢⁹2014 2019 ⌐⅛↑≡ ⅜ ⇔≡™╢⁹ 

 

4- 2- 31 ⱨ□Ⱶꜞכ ┘ⱨ□Ⱶꜞכ
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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☿fi◘ 

4- 2- 32 ⌐ ☿fi◘ ⱨ□Ⱶꜞכ ┘ⱨ□Ⱶꜞכ

╩ ∆⁹ⱨ□Ⱶꜞכ 2010 2019 ─ │ 530 ≢⁸ ≢ ╙ ™─│

─ 191 ≢ ─ 36.0 ╩ ╘≡™╢⁹ ™≢⁸ ─ 130 (24.5 )⁸

⅜ 110 (20.8 )⁸ ⅜ 59 (11.1 )⁸ ⅜ 20 (3.8 )⁸∕─ ⅜ 20 (3.8 )

≢№╢⁹2015 2019 ⌐⅛↑≡ ⅜ ⇔≡™╢⁹ 

 

4- 2- 32 ☿fi◘ ⱨ□Ⱶꜞכ ┘ⱨ□Ⱶꜞכ
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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☻Ⱨfi♩꜡♬◒☻☿fi◘ 

4- 2- 33 ⌐ ☻Ⱨfi♩꜡♬◒☻☿fi◘ ⱨ□Ⱶꜞכ ┘ⱨ□Ⱶ

כꜞ ╩ ∆⁹ⱨ□Ⱶꜞכ 2010 2019 ─ │ 4,054 ≢⁸

≢ ╙ ™─│ ─ 1,365 ≢ ─ 33.7 ╩ ╘≡™╢⁹ ™≢⁸ ─ 1,050

(25.9 )⁸ ⅜ 814 (20.1 )⁸ ⅜ 392 (9.7 )⁸ ⅜ 231 (5.7 )⁸

∕─ ⅜ 202 (5.0 )≢№╢⁹2014 2019 ⌐⅛↑≡ ⅜ ⇔≡™╢⁹ 

 

4- 2- 33 ☻Ⱨfi♩꜡♬◒☻☿fi◘ ⱨ□Ⱶꜞכ
┘ⱨ□Ⱶꜞכ 2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 

 

 

 

 

 

 

  

354 349 
362 

388 
358 

394 

466 452 469 462 

0

100

200

300

400

500

600

0

100

200

300

400

500

600

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

2010 2019

1,365

33.7%

814

20.1%

392

9.7%

1,050

25.9%

231

5.7%

202

5.0%

4,054



 

 118  

╙≈╣ ☿fi◘ 

4- 2- 34 ⌐ ╙≈╣ ☿fi◘ ⱨ□Ⱶꜞכ ┘ⱨ□Ⱶꜞכ

╩ ∆⁹ⱨ□Ⱶꜞכ 2010 2019 ─ │ 416 ≢⁸ ≢ ╙ ™

─│ ─ 237 ≢ ─ 57.0 ╩ ╘≡™╢⁹ ™≢⁸ ─ 72 (17.3 )⁸

⅜ 39 (9.4 )⁸ ⅜ 35 (8.4 )⁸ ⅜ 17 (4.1 )⁸∕─ ⅜ 16

(3.8 )≢№╢⁹2015 2019 ⌐⅛↑≡ ⅜ ⇔≡™╢⁹ 

 

4- 2- 34 ╙≈╣ ☿fi◘ ⱨ□Ⱶꜞכ ┘ⱨ□
Ⱶꜞכ 2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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4- 2- 35 ⌐ ⱨ□Ⱶꜞכ ┘ⱨ□Ⱶꜞכ ╩

∆⁹ⱨ□Ⱶꜞכ 2010 2019 ─ │ 1,193 ≢⁸ ≢ ╙ ™─│

─ 548 ≢ ─ 45.9 ╩ ╘≡™╢⁹ ™≢⁸ ─ 460 (38.6 )⁸ ⅜

87 (7.3 )⁸ ⅜ 43 (3.6 )⁸ ⅜ 36 (3.0 )⁸∕─ ⅜ 19 (1.6 )≢

№╢⁹2010 2019 ⌐⅛↑≡ ⅜ ≢№╢⁹ 

 

4- 2- 35 ⱨ□Ⱶꜞכ ┘ⱨ□Ⱶꜞכ
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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☿fi◘ 

4- 2- 36 ⌐ ☿fi◘ ⱨ□Ⱶꜞכ ┘ⱨ□Ⱶꜞכ

╩ ∆⁹ⱨ□Ⱶꜞכ 2010 2019 ─ │ 196 ≢⁸ ≢ ╙ ™─│

─ 104 ≢ ─ 53.1 ╩ ╘≡™╢⁹ ™≢⁸ ─ 49 (25.0 )⁸

⅜ 18 (9.2 )⁸ ⅜ 12 (6.1 )⁸∕─ ⅜ 7 (3.6 )⁸ ⅜ 6 (3.1 )≢

№╢⁹2015 2019 ⌐⅛↑≡ ⅜ ≢№╢⁹ 

 

4- 2- 36 ☿fi◘ [ ⱨ□Ⱶꜞכ ┘ⱨ□Ⱶꜞכ
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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4- 2- 37 ⌐ ⱨ□Ⱶꜞכ ┘ⱨ□Ⱶꜞכ ╩

∆⁹ⱨ□Ⱶꜞכ 2010 2019 ─ │ 820 ≢⁸ ≢ ╙ ™─│

─ 485 ≢ ─ 59.1 ╩ ╘≡™╢⁹ ™≢⁸ ─ 187 (22.8 )⁸ ⅜ 62

(7.6 )⁸ ⅜ 47 (5.7 )⁸∕─ ⅜ 22 (2.7 )⁸ ⅜ 17 (2.1 )≢№

╢⁹ ─ ⅜ ↄ 2010 2017 ⌐⅛↑≡ ⇔≡™╢⁹ 

 

4- 2- 37 ⱨ□Ⱶꜞכ ┘ⱨ□Ⱶꜞכ
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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∕─  

4- 2- 38⌐∕─ SQUID ⱨ□Ⱶꜞכ ┘ⱨ□Ⱶꜞכ

╩ ∆⁹ⱨ□Ⱶꜞכ 2010 2019 ─ │ 717 ≢⁸ ≢ ╙ ™

─│ ─ 381 ≢ ─ 53.1 ╩ ╘≡™╢⁹ ™≢⁸ ─ 137 (19.1 )⁸

⅜ 98 (13.7 )⁸ ⅜ 41 (5.7 )⁸∕─ ⅜ 41 (5.7 )⁸ ⅜ 19

(2.6 )≢№╢⁹ ─ ⅜ ↄ⁸2012 2018 ⌐⅛↑≡ ≢№╢⁹ 

 

4- 2- 38 ∕─ SQUID ⱨ□Ⱶꜞכ ┘ⱨ□
Ⱶꜞכ 2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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4- 2- 39 ⌐∕─ ⱨ□Ⱶꜞכ ┘ⱨ□Ⱶ

כꜞ ╩ ∆⁹ⱨ□Ⱶꜞכ 2010 2019 ─ │ 329 ≢⁸ ≢

╙ ™─│ ─ 112 ≢ ─ 34.0 ╩ ╘≡™╢⁹ ™≢⁸ ─ 77 (23.4 )⁸

⅜ 66 (20.1 )⁸∕─ ⅜ 27 (8.2 )⁸ ⅜ 25 (7.6 )⁸ ⅜ 22

(6.7 )≢№╢⁹ 

 

4- 2- 39 ∕─ ⱨ□Ⱶꜞכ
┘ⱨ□Ⱶꜞכ 2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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4- 2- 40 ⌐∕─ ⱨ◊ⱡfi☿fi◦fi◓ ⱨ□Ⱶꜞכ ┘

ⱨ□Ⱶꜞכ ╩ ∆⁹ⱨ□Ⱶꜞכ 2010 2019 ─ │ 266 ≢⁸

≢ ╙ ™─│ ─ 121 ≢ ─ 45.5 ╩ ╘≡™╢⁹ ™≢⁸ ─ 60

(22.6 )⁸ ⅜ 43 (16.2 )⁸ ⅜ 17 (6.4 )⁸ ⅜ 11 (4.1 )⁸∕

─ ⅜ 14 (5.3 )≢№╢⁹ ─ ⅜ ↄ⁸2012 2018 ⌐⅛↑≡ ⇔≡™╢⁹ 

 

4- 2- 40 ∕─ ⱨ◊ⱡfi☿fi◦fi◓ ⱨ□Ⱶꜞכ
┘ⱨ□Ⱶꜞכ 2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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 ⱨ□Ⱶꜞכ  

◓fi◦fi☿ה ─ ⅜ ─ ⌐≈™≡⁸ ⱨ□Ⱶꜞכ

╩ ∆⁹ ─ ─ ╩ ╢↓≤⅜≢⅝╢⁹ 

 

 

◓fi◦fi☿ה ─ ─ ⱨ□Ⱶꜞכ ╩ 4- 2- 41⌐ ∆⁹

⁸TDK⁸IBM │⁸2015 2019 ⌐⅛↑≡ ⅜ ™⁹TSMC│⁸2017⁸

2018 ─ ⅜ ™⁹ 

 

4- 2- 41 ⱨ□Ⱶꜞכ 2010- 2019
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 

 

 

  

19 19 22 37 41 27 33 51 57 70 

TDK 21 16 3 20 9 37 47 46 45 38 

IBM 4 8 3 9 12 31 25 44 42 37 

21 16 16 8 10 16 12 7 4 3 

TSMC 1 6 10 10 2 11 4 25 39 

WESTERN DIGITAL 8 15 10 14 14 4 5 2 3 15 

NORTHROP GRUMMAN
3 6 2 2 7 6 12 11 24 11 
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1 8 6 10 5 14 8 17 10 

9 9 10 14 9 7 8 4 1 6 

1 2 4 9 11 8 10 19 13 
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2010 2019
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☿fi◘ 

☿fi◘─ ─ ⱨ□Ⱶꜞכ ╩ 4- 2- 42 ⌐ ∆⁹Lockheed 

Martin │⁸2014 2017 ⌐⅛↑≡ ⅜ ™⁹Harvard University │⁸

2011⁸2015⁸2016 ─ ⅜ ™⁹ │⁸2015 2018 ⌐⅛↑≡ ⇔≡

™╢⁹Elmos Semiconductor ♪▬♠ │⁸2019 ⌐ 18 ≤ ™⁹ │⁸2014⁸

2016⁸2018⁸2019 ⌐ ⅜№╢⁹ 

 

4- 2- 42 ☿fi◘ ⱨ□Ⱶꜞכ
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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☻Ⱨfi♩꜡♬◒☻☿fi◘ 

☻Ⱨfi♩꜡♬◒☻☿fi◘─ ─ ⱨ□Ⱶꜞכ ╩ 4- 2- 43 ⌐ ∆⁹

TDK│⁸2015 2019 ⌐⅛↑≡ ™⁹▪ꜟⱪ☻▪ꜟⱤ▬fi│⁸2010 2016 ⌐⅛↑≡ ™⁹

IBM │⁸2014 2019 ⌐⅛↑≡ ™⁹TSMC │⁸2017⁸2018 ⅜ ™⁹

│⁸ ◖fi☻♃fi♩⌐ ⅜№╢⁹ 

 

4- 2- 43 ☻Ⱨfi♩꜡♬◒☻☿fi◘ ⱨ□Ⱶꜞכ
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 

 

  

TDK 21 16 3 20 9 36 47 44 44 37 

21 15 16 8 9 16 12 7 4 3 

IBM 4 7 3 8 11 13 18 17 9 18 

TSMC 1 6 10 10 2 9 4 23 39 
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ALLEGRO MICROSYSTEMS
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╙≈╣ ☿fi◘ 

╙≈╣ ☿fi◘─ ─ ⱨ□Ⱶꜞכ ╩ 4- 2- 44⌐ ∆⁹

⁸ ⁸ ⁸ ⁸

≤ │ ─ ≢№╢⁹ 

 

4- 2- 44 ╙≈╣ ☿fi◘ ⱨ□Ⱶꜞכ
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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─ ─ ⱨ□Ⱶꜞכ ╩ 4- 2- 45⌐ ∆⁹ ⁸

◖♬◌Ⱶⱡꜟ♃⅜◖fi☻♃fi♩⌐ ⇔≡⅔╡⁸ │ 2019 ─ ⅜ ↄ⁸

◖♬◌Ⱶⱡꜟ♃│ 2014 ⅜ ™⁹ 

 

4- 2- 45 ⱨ□Ⱶꜞכ
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 

  

2 4 10 8 9 4 4 13 10 29 

2 1 6 6 12 6 4 3 5 1 

1 2 7 1 3 9 6 6 5 2 

JSR 2 1 2 1 6 4 10 8 7 

1 3 2 6 3 6 1 2 1 10 

HUAWEI 1 3 4 4 9 3 10 

4 5 1 9 5 1 1 4 1 

AGC 1 2 3 2 4 2 3 5 4 

1 1 1 1 

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

2010 2019



 

 130  

☿fi◘ 

☿fi◘─ ─ ⱨ□Ⱶꜞכ ╩ 4- 2- 46⌐ ∆⁹

⅜ 2016 2019 ⌐⅛↑≡ ™⁹ │ 2017 2019 ⌐⅛↑≡

™⁹ │⁸2017 2019 ⌐⅛↑≡ ⅜№╢⁹ 

 

4- 2- 46 ☿fi◘ ⱨ□Ⱶꜞכ
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 
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─ ─ ⱨ□Ⱶꜞכ ╩ 4- 2- 47⌐ ∆⁹

⅜ 2010 2019 ─ ╩ ⇔≡ ™⁹Cennavi  Technologies │ 2015 2019 ⌐⅛

↑≡ ™⁹Honeywell │ 2010 2012 ⌐⅛↑≡ ™⁹ ─ 5 │⁸

⁸ ≤─ ≢№╢⁹ 

 

4- 2- 47 ⱨ□Ⱶꜞכ
2010- 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)2018 ☻כⱬ♃כ♦│ ─ ╣⁸PCT ─ ─∏╣ ≢ ╩♃כ♦ ⇔≡™⌂™

⅜№╢⁹ 

 

  


















































































































































































































































































































































































































































































































































