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1.1  

─▬fi♃כⱠ♇♩╩ ≤⇔√ ─ ⌐╟╡ ≢ ↕╣╢

│ ⌐ ⇔≡™╢ ⌐☻ⱴכ♩ⱨ◊fi─ ╛ ◘▬♩╛SNS(Social 

Networking Service)╩│∂╘≤∆╢ ─ ⌐╟╡ ꜠ⱬꜟ≢ כ♦╢∆

♃ │ ─ ╩√≥∫≡™╢ ≢│2020╟╡ ⅜ ≤⌂∫√◖꜡♫►

▬ꜟ☻Ɽfi♦Ⱶ♇◒≤™℮ ⌐ ⇔ ⅜◒כ꞉♩כ⸗ꜞ ≢╙ ∆╢╟

℮⌐⌂∫√ ─◒כ꞉♩כ⸗ꜞ ⌐ ™ ☻ⱦכ◘♪►ꜝ◒╛♩♇ꜗ♅ ∕⇔≡ Web

◦☻♥ⱶ─ │ ╩ ℮ ≢⌂ↄ≡│⌂╠⌂™╙─⌐⌂∫≡™╢ ↕╠⌐│Open AI

⅜ ⇔√Chat GPT╩ ≤∆╢AI(Artificial Intelligence)─ │ ₁─ ╩

╟╡ ⅛⌐∆╢IoT(Internet of Things)╛ ─ ╩ ∆╢↓≤⅜ ↕╣≡

⅔╡ / ♃כ♦ ╩ ≤∆╢ (Information and Communication 

Technology : ICT)─↕╠⌂╢ ⅜ ≤⌂∫≡™╢  

 ⌐ ─AI─ │ ╕⇔™╙─⅜№╡ ₁╩ ⅛╠ ⅝ ≈ⱳ♥fi◦ꜗ

ꜟ╩ ╘≡™╢ ≢│ ⌐ ↕╣╢╟℮⌐ ↓╣╕≢ ≤↕╣≡™√

─ ╩ ⅛∆♁ⱨ♩╙ ⇔≡⅔╡[1] ⅝ ╩ ╘≡ ⅜ ⅝ↄ

⇔≡™ↄ↓≤⅜ ↕╣╢[2, 3]Open AI⌐╟╢Chat GPT-3─ │ ∕─ ⇔√

⌐╟╡ ⌐ ⌂ ≢─ ⅜ ≤⌂∫√ ≢ ≈─ ⅝⌂

≤⌂∫√[4]Chat GPT-3│ ≢╙ ⅎ╢ ≢ ╡№≢☻ⱦכ◘√╣↕ AI ─

⌐╟╡ ∕─ⱨ▫כ♪Ᵽ♇◒─ ה ≤╙⌐ ↕╣╢↓≤≢ ╟╡ ⌂Ɑכ☻≢

AI⅜ ⇔≡™ↄ↓≤⅜ ↕╣╢ ╕√ ₁⌂Ᵽ♇◒◓ꜝ►fi♪╩ ≈ ₁⅜AI╩

∆╢↓≤≢ ⅜ ⇔≡™⌂™ ⅜ ╖ ↕╣ ∕─ ⌐╟∫≡AI─

⅜ ⌐ ↕╣╢ ⅜ ╢[5, 6]↓─╟℮⌐ Chat GPT-3─ │AI─ ╩

→╢≤≤╙⌐ ∕─ ╩↕╠⌐ ↕∑╢ ╩ ╘≡™╢ ↓╣╠ AI

─ ╩ ≢ ∆╢√╘⌐│ ⸗♦ꜟ(Large Language Model)◘▬

☼─ ⅜ ≤⌂╢ Table 1-1⌐Chat GPT◦ꜞכ◔☻─☼כꜟ─ ╩ ∆[7] 

 

Table 1-1 Chat GPT◦ꜞכ☼─ [7] 
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↕≡ AI─ ≢№╢ (Deep Learning)│ ╩◒כⱠ♇♩꞉ꜟꜝכꜙ♬─

™√ ─ ≢№╡ ⅜ ™╠╣≡™╢[8] ─ ⌐ ─ⱷ⸗ꜞ╩

⇔√ⱪ꜡☿♇◘⅜ ™╠╣≡™╢⅜ ─ ╩ ⌐ ∆╢√╘⌐│ Ɫכ♪►▼▪

─ ─╖⌂╠∏ ⱡכ♪ ─ ─ ⅜ ≤⌂∫≡™╢ ╕√ ⌐▬fi♃כ

Ⱡ♇♩⌐▪◒☿☻∆╢ │ ≤≤╙⌐ ⇔≡⅔╡ ─ ╙ ≤⌂

∫≡™╢[9]2024 ♃fi☿♃כ♦─ ─ ≤▬fi♃כⱠ♇♩♩ꜝⱨ▫♇◒

╩Fig. 1-1⌐ ∆[10] 

 

 

Fig. 1-1 2024─♦כ♃☿fi♃ ─ ≤▬fi♃כⱠ♇♩♩ꜝⱨ▫♇◒ [10] 

 

─╟℮⌂ ⅛╠ ╩ ⇔ ∆╢Ɫ▬Ɽⱨ◊כⱴfi☻◖fiⱧꜙ

─(High Performance Computer : HPC)♃כ │ ╩ ↑≡™╢[11] ≤

≢ ↕╣√HPC₈ ₉│20225 ╩ꜟכ◔☻◘◒◄─ ⇔√₈Frontier₉

╕≢ 4 ⌐╦√╡ √™≡⇔ⱪכ◐╩ ╙ ⇔√ ⅜

↕╣╢⅜ ↓─ ╩ →╢ ╙№╢ √╢ ≤⇔≡ ─ ה

─ ⅜ →╠╣╢ HPC≢│◦☻♥ⱶ ─ ╛ (꜠ ▬♥fi◦) ─

≤™∫√ ⅛╠ Ⱡ♇♩꞉כ◒ꜞfi◒│100 m ≢ ↕╣╢[12]⇔√⅜∫

≡ │ №√╡─ ⅜ ↕╣╢⅜ ╛ ─ ↕≤™∫

√ ⌐╟╡ ─ ─ ≢│ ☻Ɑכ☻ ⅜ ╩ ⅎ╢ ⅜№╢ ╕√

─ │╟╡ ⇔ ∫√ ≤ ⅎ╠╣≡™╢ ≢│ SDGs(Sustainable 

Development Goals)⌐ ↕╣╢╟℮⌐ ⌐ ∆╢ ⅜ ↕╣≡⅔╡

⌐ ∆╢ ─ ╙ ↄ⌂∫≡™╢ ─ 2%╩ ⇔≡™╢[13]≤™╦╣╢♦

♃fi☿♃כ ─ │ ╙ ⇔≡™ↄ≤╖╠╣≡™╢ 2050 ⌐│

⌐⅔↑╢◖▪Ⱡ♇♩꞉כ◒─ │489,000 GWh/[14]≤ ╙╠╣≡™╢ Table 

1-2⌐ ─◖▪Ⱡ♇♩꞉כ◒─ ╩ ∆  
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Table 1-2 ─◖▪Ⱡ♇♩꞉כ◒─ [14] 

 

 

↓─╟℮⌂ ⌐ ∆╢ ─ ≈≤⇔≡ ꜞfi◒ ─ ⅜ →╠╣╢ ⌐♦

♃fi☿♃כ ⌐│ꜝ♇◒ ╛Ⱳכ♪ ≤™∫√ ┼─ ⱨ□▬Ᵽ─ ⅜ ╘╠╣

≡⅔╡ ┘ ⌐ ⅜ ∆╢ ⌐ ⇔≡ ꜞfi◒─ ⅜

↕╣≡™╢ ≢ ≢⅝╢ ≤ ─ │ 100 Gbpsהm ≤

╕╣≡⅔╡[15] ─ ⌐ ™ ≢ ⌂ꜞfi◒│╟╡ ↕╣≡™

ↄ↓≤⅜ ↕╣≡™╢ ≢│ ⱡ▬☼⌐╟╢ ⅜ ∂⌂™↓≤

⅛╠ ≢│ ⌂ ─ ⅜ ↕╣≡⅔╡ ≤ ꜞfi◒─

⅜╟╡ ⌐◦ⱨ♩∆╢≤ ↕╣≡™╢[16] 

⌐╟╡ │≢♃fi☿♃כ♦ ꜞfi◒─ ה ⅜ ⌐ ╘╠╣≡™╢

⌐╟╡ ₁⌂ ⅜ ↕╣≡™╢[17]⅜ Fig. 1-2─╟℮⌐ ꜞfi◒

⌐ ╦∑ │3 ─ⱨ▼כ☼≢ ∆╢↓≤⅜≢⅝╢[18] 

 

ʿJST/LCS (2021 )JST/LCS (2021 ) 
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Fig. 1-2 ─ [18] 

([18] 2. 3-1 ╟╡ ) 

 

ⱨ▼כ☼ Ⱳכ♪◄♇☺  

↓─ │ⱪꜝ●Ⱪꜟ⸗☺ꜙכꜟ ≤╙ ┌╣ ⱨ꜡fi♩ⱤⱠꜟ ╕≢╩ ꜞfi◒

│ ≡ ≤⌂∫≡™╢ / ╩ ∆╢Active Optical Cable(AOC)╛ ♩

ꜝfi◦כⱣ╩ⱨ꜡fi♩ⱤⱠꜟ⌐ ∆╢↓≤≢ ꜞfi◒ ─ ⌐ ≤⌂╢

╩ ⌂ ⌐ ╦∑╢↓≤≢ ⌂ ꜞfi◒╩ ⇔≡™╢ ⱪꜝ●Ⱪꜟ⸗☺ꜙ

⅜Multi Source Agreement(MSA)│ꜟכ ╩ ╘≡™╢Small Form Factor(SFF)─

⌐ ∫≡⅔╡ ─ ╩ ꜟכꜙ☺⸗℮ ≤⇔≡ QSFP-DD(Quad Small Form 

Factor Pluggable-Double Density)╛OSFP(Octal Small Form Factor Pluggable)⅜ ╩ ╘≡™
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╢[18]1Uꜝ ♇◒№√╡─ ╩SFF─ ⌐Fig. 1-3⌐ ⇔√ ≢│

ⱨ꜡fi♩ⱤⱠꜟ ─ ≈─Ⱳכ♪⌐ ⇔≡ ꜟכꜙ☺⸗⌂ ⅜ ↕╣

╢√╘ ⌂╢ ─ fiכ꜠│⌐ √╡─ ╩ ↕∑╢ ⅜№╢ ╕

√ │ ꜞfi◒⅜ ⇔⌂™√╘ cm ≢─ ─ ⅜

↕╣╢⅜ ⌐ ─№╢ ≢│ ╩ ⇔√╕╕ ╩

∆╢─│ ≤ ⅎ╠╣╢ ⅛╠ ↕╣╢↓≤≢ ─ ╩♩כ꜠

↕∑╢ ╙ ↕╣≡⅔╡ Samtec─FireflyÈ│ ≢│⌂ↄ꞉▬ꜘ⌐╟╢

╩ ⇔≡⅔╡ 28 Gbps ╩ ≤⇔≡™╢[19] 

 

 

Fig. 1-3 SFF─1Uꜝ♇◒№√╡─ [18] 

([18] 3. 2. 2-1 ╟╡ ) 

 

ⱨ▼כ☼ LSI  

○fiⱲכ♪ ꜞfi◒≤╙ ┌╣╢ ≢│ ⱨ▼כ☼≤ ⇔≡ ⅜

LSI ─Ⱳכ♪ ⌐ ↕╣╢↓≤╩ ≤⇔≡⅔╡ ╩ ≢⅝╢↓≤≢

╛ ╩ ≤∆╢[20]╕√ ╩ⱨ꜡fi♩ⱤⱠꜟ ⅛╠

∆╢↓≤≢ ⱨ꜡fi♩ⱤⱠꜟ │ ⅜ ⌂ ◖Ⱡ◒♃≤∆╢↓≤⅜≢⅝
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ⱨ▼כ☼≤ ⇔≡ fiכ꜠─╡√ ╩ ↕∑╢↓≤⅜≢⅝╢ ≢ ꜞ

fi◒ ─ ≤⌂╢ ⅜Ⱳכ♪ ⌐№╢↓≤≢ⱷfi♥♫fi☻ ─ ⅜

↕╣╢ Microsoft⅜ ≤⌂∫≡ ∟ →√ COBO(Consortium for On-Board 

Optics)⌐╟∫≡ ↕╣≡™╢ [21]∞⅜ ≢│ ⱨ▼כ☼╛ ∆╢ ⱨ▼כ

☼⌐ ∆╢ ⅜ ↄ │Ɽ☻↕╣╢ ╙ ↕╣≡™╢[18] 

 

ⱨ▼כ☼ LSI /  

│Near Packaged Optics (NPO)╛Co-Packaged Optics(CPO)≤ ┌╣

⅜ LSI≤ Ɽ♇◔כ☺ ⌐ ↕╣√ ≢№╢[22]CPO─ ╩ Fig. 1-4⌐ ∆

╩ ╕≢ ∆╢↓≤≢ LSI ─╒≤╪≥─ ╩ ꜞfi◒≤⇔

↕╠⌂╢ ⅔╟┘ ⅜ ↕╣╢ 2020⌐│Intel╟╡ ≤⌂

╢ CPO╩ ⇔√☻▬♇♅⸗♇◒╩ ⇔√↓≤⅜ ≤⌂∫√[23] ≢│ ╟╡

⌂CPO⌐ ∆╢ ⅜ ↕╣≡⅔╡ ╩ ╘≡™╢[24, 25]  

 

 

Fig. 1-4 CPO─  

 

 ─╟℮⌐ ─ⱨ▼כ☼⅜ ╗⌐≈╣ ⅜ ↕╣

╛ ⅜ ⌐⌂╢≤ ⅎ╠╣≡™╢⅜ ≢│ ⱨ▼כ☼≢№╢ⱪꜝ●Ⱪ

ꜟכꜙ☺⸗ꜟ ─ ≈≢№╢Linear-Drive Pluggable Optics(LPO)⅜ ─ ⅛╠CPO

⌐ ∆╢≤─ ╙№╢[26]LPO│ Digital Signal Processor(DSP)╛ Clock Data 

Recovery(CDR)╩ ™⌂™ⱪꜝ●Ⱪꜟ⸗☺ꜙכꜟ ─ ≈≢№╢ ⌂ ╩ ∆

╢ ⌐ ℮ ╩ ∆╢√╘⌐DSP⅜ ♃כ♦ ─√╘⌐CDR⅜ ╦╣╢

↓≤⅜ ™[27]⇔⅛⇔⌂⅜╠ ↓╣╠─ │ ⅜ ⅝ↄ ⌐DSP─╖≢⸗

ꜟכꜙ☺ ─ ─ ╩ ⇔≡™╢[28]LPO≢│↓╣╠─ ╩ ⇔⌂™

↓≤≢ ≢ ╩ ∆↓≤⌐⌂╢ ⌂℮╟─♃fi☿♃כ♦⌐ ─

⌐ ↕╣╢ ⌐│ LPO≢╙ ⅜ ≤⌂╢ ⅜ASIC

⌐ ↕╣╢CPO≢│◦☻♥ⱶ◄ꜝכ ─ ⅜ ↄ⌂™↓≤╙№╡ ─

⅛≈ ◖☻♩ ⌐ ╣╢LPO⅜CPO⌐ ∆╢ │ ≢⅝⌂™

Fibers

ASICs



 

 

 

 1   

7 

≢ ─┼♃fi☿♃כ♦─ ─ ╩ ∆╢≤ ─ 1꜠ №fiכ

√╡─ │↕╠⌐ ∆╢↓≤⅜ ≢№╢↓≤ Ⱳכꜙ☺⸗╢↑⅔⌐☺♇◄♪כꜟ

─ ─ ⌐╟∫≡ LPO≢│ ≢⅝⌂™ ⅜ ∫≡™╢[22]⇔√⅜

∫≡ LPO⅜ ∆╢ ≢№∫≡╙ ⌐ ╩ ∆╢ ─№╢CPO┼─

│ ≤⇔≡ ↑╠╣⌂™≤ ⅎ╠╣╢  

CPO ╩ ⅎ√ ◘▬☼ ⅜ ⇔ↄ √╡─ ™ ⅜ ╘

╠╣╢√╘ ™ↄ≈⅛─ ⅜ ≤⌂∫≡™╢ ∕─ ≢╙ ⌂ ⅜ ↕╣≡™⌂

™ ─ ≈≤⇔≡ Ɽ♇◔כ☺ ≢№╢◦ꜞ◖fi(Si) ≤ ⱨ□▬Ᵽ ─

─ ⅜ →╠╣╢ Si │ ─ Complementary Metal-Oxide 

Semiconductor(CMOS) ╩ ⇔√ ⌐╟∫≡◘ⱩⱵ◒꜡fi꜠ⱬꜟ─◖▪◘▬☼

≤⌂╢─⌐ ⇔ ◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ─◖▪◘▬☼│ 10 mm ≤ ─

⌐│ ⅝⌂ ⅜ ∂╢ ꜞfi◒ ─ │◦☻♥ⱶ─ꜞfi◒꜡☻Ᵽ

☺▼♇♩╩ ⇔ ─ ╛꜡☻ⱴכ☺fi⌐ ╩ ⅎ≡⇔╕℮ ⇔√⅜∫≡ ₁

⌂ ╩ ∆╢ ─ ⅜ ↕╣≡⅔╡ ⅛⌂ │№╢╙──

ꜝfi◓◌ⱪ▫♥כ꜠◓≥ ⌐ ∆╢↓≤⅜≢⅝╢[29, 30, 31]  

│ꜝfi◓◌ⱪ▫♥כ꜠◓ Si ⌐ ⌂ ╩ ∆╢↓≤≢ ⌐

≠™≡ ─ ╩ ∆╢ ≢№╡ ⌐ ⇔ ⌂ ≢ ⱨ□▬Ᵽ ≤─

╩ ≤∆╢ ≢№╢ PIC(Photonic Integrated Circuit)⌐ ╩

↑√ ⌐│ ⱨ□▬Ᵽ─◒ꜝ♇♪ ⅜250 mm ≢№╢↓≤⅛╠ ⅜ ↕

╣≡⇔╕℮⅜ ꜝfi◓◌ⱪ▫♥כ꜠◓ ≢│ 2 ▪꜠▬ ⌐ ⱨ□▬Ᵽ╩ ≢⅝╢

↓≤≢ ╟╡ ⅜ ↕╣╢ ╕√ ☻ⱳ♇♩◘▬☼╙№╢ ≢

№╡ ⱨ□▬Ᵽ≤─ ⌂ ╩ ⇔≡™╢ ≢ ⌂ ⱨ□▬Ᵽ╩ ─

⌐ →╢ ─ ╛ ⱨ□▬Ᵽ⅜Ɽ♇◔כ☺ ╩ ℮╟℮⌐ ↕╣╢√╘

─ ⌐ ℮ ─ ⅜ ↕╣╢ ↕╠⌐ ⅜ ∆╢ ─ ⌐

∆╢↓≤⅛╠ ─◙כ꜠ ◦ⱨ♩─ ╩ ↑╛∆ↄ ╕√ (Wavelength 

Division MultiplexingWDM) ≢ ╩ ↕∑╢↓≤│ ⇔™ ⌐ ─

╩ ⅎ╢≢№╤℮ WDM ╩ ꜝfi◓◌ⱪ▫♥כ꜠◓│≥↓™⌂⅝≢ ─Ⱡ♇◒

≤⌂∫≡™╢ ╩ꜝfi◓◌ⱪ▫♥כ꜠◓ ⇔√ Si ≤ ⱨ□▬Ᵽ─ ╩ Fig. 

1-5⌐ ∆[32]  
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Fig. 1-5 ◓꜠כ♥▫fi◓◌ⱪꜝ⌐╟╢Si ≤ ⱨ□▬Ᵽ─ [32] 

 

│ ⌐ ∫√ ≢№╡ ─ ⅜ ↕╣≡™╢[29] 

PIC≤ ⱨ□▬Ᵽ─ ─ ⌐│ ᵑ ⱨ□▬Ᵽ─ ─  ᵒ☻ⱳ♇♩◘▬

☼─  ⅜ ≤⌂╢ ᵑ─ ≤⇔≡ PIC ╩ ◄♇♅fi◓∆╢↓≤≢

ⱨ□▬Ᵽ ╩ ↑≡™╢ ⅜ ↕╣≡™╢[33] ╕√ ᵒ─ ≤⇔≡ PIC

⌐♩ꜝ▬♦fi♩ ╩ ⇔ ≢─☻ⱳ♇♩◘▬☼ ∆╢↓≤≢ ⱨ□▬Ᵽ≤─

╩ 1 dB ⌐ ⅎ╢ ⅜№╢[34] ☻ⱳ♇♩◘▬☼ ≢ ╙ ↄ ↕

╣≡™╢ ⅜ (▪♦▫▪Ᵽ♥▫♇◒ ) ≢№╢[35, 36]ⱳꜞⱴכ ╩

⇔√▪♦▫▪Ᵽ♥▫♇◒ ─ ╩Fig. 1-6⌐ ∆  

 

 

Fig. 1-6 ▪♦▫▪Ᵽ♥▫♇◒ ⌐╟╢Si ≤ⱳꜞⱴכ ─ [35] 

 

▪♦▫▪Ᵽ♥▫♇◒ ≢│ ≤⌂╢ ─ Ɽכ♥╩ ⌐ ╘≡™ↄ↓≤

©2016 IEEE 

©2018 IEEE 

©2016 IEEE  

©2018 IEEE  
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≢ ∆╢ ─◄ⱣⱠ♇☿fi♩ ╩ ↕∑╢ ∕─ ⇔√◄ⱣⱠ♇☿fi♩ ⌐

∆╢ ≢ ─ ╩ ↑╢↓≤≢ ─ ╩ ⇔≡ ≢─ ─ ↑ ⇔╩

℮ ≢№╡ ─ ─☻ⱳ♇♩ ╩ ∆╢↓≤≢ ☻ⱳ♇♩ ╩ ℮↓≤⅜

≤⌂∫≡™╢ ▪♦▫▪Ᵽ♥▫♇◒ ─ ≤⇔≡ ─⌂™ ⌂

≢№╢↓≤⅜ →╠╣╢ ╕√ ≢№╢↓≤≢ ⇔√WDM ≤─

⅜ ≢№╡ ─ ╩ ⅎ╢ ─ ≈≤⇔≡ ╩ ╘≡™╢

≤⌂╢ ≤⇔≡│ CMOS ⅜ ⌂ SiO2╛ ≢ ⇔√

SiOx ⅜ ↕╣≡™╢[36] ╕√ ⅜ ⌂ⱳꜞⱴכ╩ ⇔√ ╙№╢

SiO2 SiOx │ⱪ꜡☿☻ ⅜ ™⅜ ⌐│ ⅜⅛⅛╡

⌐│Ɽ♇◔כ☺ ─ ╡┼─ ⅜ ↕╣╢ ↕╠⌐ 3 mm ─ ╖╩

∆╢Box(Buried Oxide) ⌐ │ ↕╣╢⅜ Box ≢☻ⱳ♇♩◘▬☼ ╩

™ ⱨ□▬Ᵽ≤ ─9 mm╕≢ →√ ☻ⱳ♇♩◘▬☼⅜Box ─ ⌂

Si ⌐ ⇔ ⅜ ⇔≡⇔╕℮ ∕─√╘ SiO2╛SiOx╩ ⇔√☻ⱳ♇♩◘▬☼

│ 3 mmF ⅜ ≢№╡ ⱨ□▬Ᵽ≤─ ─ ⌐│ ⌂╢☻ⱳ♇♩◘▬

☼ ⅜ ↕╣╢↓≤⅜ ™  

∕↓≢ ≢ ─ ™ⱳꜞⱴכ│ ⱪ꜡☿☻ ⅜ ↄ ☻ⱳ♇♩◘▬☼

╩ ≤∆╢ ─ ≤⇔≡ ╩ ╘≡™╢[37]↓╣╕≢ ⱳꜞⱴכ

│ ⌂ ≢№╢ VCSEL(Vertical Cavity Surface Emitting Laser)≤─◦♫☺כ╩

⌐ 850 nmⱴꜟ♅⸗כ♪ ꜞfi◒≢─ ⅜ ≢№∫√ ⌐ⱳꜞⱴכ│ ⌐

≢ ⅜ ⅝™↓≤⅜ ╠╣≡⅔╡ ◦ꜞ◖fiⱨ◊♩♬◒☻≢ ↕╣╢ O ╛

C ≢│∕─ ™ ⅜ⱳꜞⱴכ ┼─ ≢№∫√ ⇔⅛⇔⌂⅜╠ PIC

≢─☻ⱳ♇♩◘▬☼ ⌐ ╣┌ ≢╙10 mm ─ ≤ ↕╣[18]ⱳꜞⱴ

─כ ⅜ꜞfi◒꜡☻Ᵽ☺▼♇♩⌐ ∆╢꜠ⱬꜟ≢│⌂™  

─ ⌐╟╡ ⱳꜞⱴכ╩ ≤⇔√ ⌐╟╢☻ⱳ♇♩◘▬☼ ╩

⇔√ ꜞfi◒ ⌐ ⅜ ╕∫≡⅔╡ ≢╙○fiⱲכ♪ ꜞfi◒ ⅔╟┘

CPO┼─ ⌐ ↑√ⱳꜞⱴכ ─ ╩ ∫≡⅝√[38, 39, 40]  

≢ ↓╣╕≢─ⱳꜞⱴכ │ ⱳꜞⱴכ ─ ⌐ ⇔√

⅜ ↄ ─ ≤⌂╢ ╛ ⌐≈™≡ ⇔√ │ ⌂™

╟╡ ╩ ⅔╟┘ ⇔√ ─ⱳꜞⱴכ ─ ⌐≈™≡

↕╣≡⅔╡ 20 dBm╩ ⅎ╢ ≢№∫≡╙ⱳꜞⱴכ ┼─ │╒

≤╪≥⌂™↓≤⅜ ⇔≡™╢[41]⇔⅛⇔⌂⅜╠ CPO┼ ∆╢ ≤⌂╢ASIC

⌐ⱳꜞⱴכ ╩ ∆╢↓≤≤⌂╡ ⱳꜞⱴכ ⌐ ⇔≡ ≢─

⅜ ↕╣╢ ⅜ ╢ CPO≢│◦fi◓ꜟ⸗כ♪ ꜞfi◒≢ ↕╣╢↓

≤⅜ ↕╣ ⱳꜞⱴכ ─ ─╖⌂╠∏ ─

╩™⅛⌐ ∆╢⅛⅜ ≤⌂╢  

 ∕↓≢ ≢│ ◦fi◓ꜟ⸗כ♪ⱳꜞⱴכ ≤CPO ⌐ ↕╣╢



 

 

 

 1   

10 

≤─ ─ ⌐ ⇔ ⱳꜞⱴכ ─CPO ╩ ∆╢

⌐ ⱳꜞⱴכ ◖▪─ ╛ ⌐ ⇔ ⌂╢ ⌐ ⇔≡ⱳ

ꜞⱴכ ◖▪─ ╩ ∆╢↓≤╩ ⇔√  

 ⌐│ ╕∏ ⌂╢ ◖▪◘▬☼╩ ∆╢◦fi◓ꜟ⸗כ♪ⱳꜞⱴכ

╩ ⌐ ⇔ ∕─ ╩ ⇔√ ≈≠™≡ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ™≡

≢─ⱳꜞⱴכ ─ ◖▪ ≤ ∕─ ─ⱳꜞⱴכ ≢─

╩ ⇔ ꜞfi◒┼─ⱳꜞⱴכ ⅜ ⅎ╢ ╩ ⇔√ ⌐  PO

╩ ⅎ≡ⱳꜞⱴכ─ ╩ ⇔√ⱳꜞⱴכ ─ ◖▪ ≤ ∕─

─ⱳꜞⱴכ ≢─ ╩ ∆↓≤≢ №╠╝╢ ⌐⅔™≡ ╩

∆╢ⱳꜞⱴכ ─ ⌐≈™≡ ⇔√  

 

 ≢│ ⌐ ⇔≡ ─ ≢╕≤╘√  

 1 ≢│ ─ ╩ ⇔√ ─AI─ ╩ ≤⇔ ה

╩ ∆╢ ꜞfi◒⌐≈™≡ ═ ─ ⌐ ∆╢ ≤⇔≡ ↕╣

╢ⱳꜞⱴכ ⌐ ⇔ ─ ╩ ⇔√  

 2 ≢│ ꜞfi◒─ ≤⇔≡ ⱨ□▬Ᵽ≤ ⌐ ⇔ ∕─ ≤ ⌐

≈™≡╕≤╘√  

 3 ≢│ ⱳꜞⱴכ ─ ⌐≈™≡ ⇔ ↕╣╢◖▪─ ╛

╩│∂╘≤⇔√ ╩ ∆╢ ─ SI ◖▪╩ ⌂

GI ◖▪╩ ⌂ⱨ◊♩▪♪꜠☻ ⌐ ⇔ ⌐ ─◖▪ ╩ ∆╢ⱳꜞ

ⱴכ ╩ ⇔√ ⌐╟╡ ⇔√ⱳꜞⱴכ ⅜◦fi◓ꜟ⸗כ♪ ∆

╢↓≤╩ ∆╢≤ ⌐ ╠╣√MFD(Mode Field Diameter)⅜◦Ⱶꜙ꜠כ◦ꜛfi≤

⇔≡™╢↓≤╩ ⇔√ GI ◖▪≢│ ◖▪ ≢ D⅜ ⇔≡™

╢↓≤⅛╠ ─ ⌐╟╡ ◖▪ ( )≤◖▪-◒ꜝ♇♪ ⌐ ⅜

№╢↓≤╩ ⇔√  

4 ≢│ ⱳꜞⱴכ ╩☻ⱳ♇♩◘▬☼ ≤⇔≡ ⱨ□▬Ᵽ≤SiOx

⌐ ⇔√ ꜞfi◒╩ ⇔ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ™≡ ⌐ ⇔≡

⇔√ ╩ ⇔√ ⱳꜞⱴכ ⌐ ℮ ╩ ╙╡ ⱳꜞⱴכ ─

≢ 3.1 dB⌐ ≢⅝╣┌ ꜞfi◒ ≢─ ⅜ ≢⅝╢↓≤╩ ⇔≡™

╢ ╕√ SMF≤ⱳꜞⱴכ ─ ╩ ⇔√ ◖▪ ─ ⌐╟

╡ 0 dB⌐╕≢ ≢⅝╢↓≤⅜ ⇔√ ↕╠⌐ ◖▪◘▬☼≤ MFD─ ⌐

⇔√ ⌐╟∫≡MFD─ ⅜ ∆╢↓≤ ↕╠⌐│ ─ ™

⌐╟∫≡ ╩≤╢◖▪◘▬☼⅜ ⅝ↄ ⌂╢↓≤╩ ⇔√ ╕√ SiOx ≤ⱳꜞ

ⱴכ ─ ─ ╩ ™ SMF⌂╠┘⌐SiOx ≤─ ╩

≤∆╢ ⌂ⱳꜞⱴכ ╩ ⇔ ⌐╟╠∏ ⅜

1.0 dB≤⌂╡ ⱳꜞⱴכ ─ ꜞfi◒ ⅜ ≢ ⅝⌂ⱷꜞ♇♩╩ ╖ ∆



 

 

 

 1   

11 

↓≤╩ ⇔√  

5 ≢│ ↕╣╢ⱳꜞⱴכ ─ ⌐ ⇔ ⌂ⱳꜞⱴכ

─ ╩ ⇔√℮ⅎ≢ ≤ ─ 2≈─Ɽꜝⱷכ♃╩ ⌐

⇔√ ─ ⇔√ ⸗♦ꜟ≢│ ⌐ ⌐ ╩ ⅎ╢─│◖

▪⌂╠┘⌐◒ꜝ♇♪⅜ ≈ ─ ≢№╢↓≤╩ ⇔√ ≢ ⌂◖▪

╩ ℮↓≤≢ ≤ ⇔ ™150 oC ≢№∫≡╙ ⱳꜞⱴכ

│ ╩ ∆╢↓≤⅜ ⇔√ ╕√ ▪♦▫▪Ᵽ♥▫♇◒ ⌐╟╢ⱳꜞⱴ

כ ╩ ⇔√☻ⱳ♇♩◘▬☼ ⌐ ⇔≡╙ ╩ ⇔√ ╩ ™

™ ⌐╦√∫≡ ╩ ∆╢↓≤╩ ⇔√  

6 ≢│ ╩ ═ ⱳꜞⱴכ ≤ ─ ⌂╠┘⌐

⌐≈™≡ ⇔√  
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2  

ɓɜȘȅ ǌǾ  

2.1.  

≢│ │∂╘⌐ ⱨ□▬Ᵽ ⌐≈™≡ ⌐ ⇔ ∕╣∙╣─ ╩

═╢ ∕─ CPO ⌐ ↑≡ ⱳꜞⱴכ ⌐ ╘╠╣╢ ⌐≈™≡

═╢  

 

2.2 ǡ  

│ ⌐ ⌐ ꜟⱩכ◔╢╣╠™ ─ ⱨ□▬Ᵽ≤ ⌐ ™╠╣╢ⱨ

▫ꜟⱶ╛ ─ ⌐ ↕╣╢⅜ ◖▪ ⌐ ╩ ∂ ╘ ∆╢ │

≢№╡ ≢│ ⇔≡ ≤ ┬  

 

2.2.1. ǞǻǾ  

 ≤⇔≡ ╙ ⌂ │ ◖▪ ╩ ∆╢ ─ ≢№╡ ∕─

│ ⌐ ⅝ↄ ∆╢ ⇔√⅜∫≡ ─ │ ─ ╩ ≠↑╢

↓≤⌐⌂╢√╘ ⌐╙ ↄ╟╡ ↕╣≡⅔╡ ─3 ⌐ ↕╣╢  

 

ה ●ꜝ☻ 

 ●ꜝ☻│ ≢ ╘≡ ™ ╩ ∆ ≤⇔≡ ─ ⱨ□▬Ᵽ

⌐ ⌐ ™╠╣╢↓≤⅜ ™ ≢ ™ ╩│∂╘≤∆╢ ╩ ≤⇔√

●ꜝ☻ ▬fi♃כⱳכ◙ ≤⇔≡ ™╠╣╢ ╙№╢ ╕√ ⌐│ ∕─

╩ ⅛⇔ AWG(Arrayed Waveguide)⌐╟╢ [1]≤⇔≡ ↕╣╢↓≤⅜

™ ≢│ Intel⅜ ⇔≡ ⱪfiכ○╢╘ (Universal Chiplet Interconnect Express

UCIe[2])⌐≡ Fig. 2-1⌐ ⇔√╟℮⌂●ꜝ☻▬fi♃כⱳכ◙⅜ ↕╣≡⅔╡ ⱪ꜡☿☻

─ ™●ꜝ☻ ─ ⌐≈™≡╙ ⅜ ╕∫≡™╢[3, 4]  
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Fig. 2-1 ●ꜝ☻▬fi♃כⱳכ◙─ [2] 

 

 (◒♇♅☻ꜝⱪ)כⱳꜞⱴה

 ⱳꜞⱴכ│ ─ ╩ ⅛⇔ ≤⇔≡ ↄ╟╡ ↕╣

≡⅝√ ─ ↕⅛╠ ╟╡ ⌐ ∆╢ ╩ ⅛⇔√ ⱳꜞⱴ

⅜כ ↕╣≡™╢[5, 6, 7, 8]≢ ⱳꜞⱴכ│C-H ─ ⌐ ∆╢

Ⱨכ◒⅜ ⌐ ∆╢√╘ ●ꜝ☻≤ ⇔≡ ⅝⌂ ╩ ∆ ╕√

≢ ⅔╟┘ ≢№╢ ≢ ╩ ⇔≡⅔╡ ⱨ□▬Ᵽ≤─

╖ ↑⌐╟╡ ≤⇔≡ ™╠╣╢↓≤⅜ ™  

 

 fi(Si)◖ꜞ◦ה

 Si │ ─ CMOS(Complementary Metal-Oxide-Semiconductor)ⱪ꜡☿☻

─ ⅜ ⌂↓≤⅛╠ ≢ ⌐ ⌂↓≤╩ ≤⇔≡™╢[9, 10, 11]

◖▪⌐│Ⱨꜙ▪⌂◦ꜞ◖fi╩ ™ ◒ꜝ♇♪≤⇔≡ ◦ꜞ◖fi(SiO2)╩ ™╢↓≤⅜ ™

╕√ ꜞfi◓ ╩ꜝfi◓◌ⱪ▫♥כ꜠◓╛ ≤⇔√ ─ ╩ ⱪ꜡☿☻≢

╡ ╗↓≤⅜ ≢№╢↓≤⅛╠ Si │◦ꜞ◖fiⱨ◊♩♬◒☻─ ╩ ⅎ╢

⌂ ≤⇔≡ ╩ ╘≡™╢  

 

2.2.2. ɋºȲǞǻǾ  

 ─ │ ◖▪≤◒ꜝ♇♪─ ⌐╟∫≡ ↕╣╢ ╩ ∂≡ ⇔

≡™ↄ[12]↓─ ╩ ∆╢√╘⌐│ ─ ▪◖ה ♪♇ꜝ◒-▪◖ה ─

⅜ ─ ╩ √∆ ⅜№╢ ⇔√⅜∫≡ ⌐ ↕╣√ │№╠╝╢

⌐ ⇔≡ ⌐ ╩ ⇔≡™ↄ↓≤│⌂ↄ №╢ ─ ╩ ∆

╢ ╩ √⇔√ ─ ─╖⅜ ↕╣╢ ↓─ ╩ ∆╢ №╢™│

─↓≤╩ ≥♪כ⸗ ┘ ⌐ ─ ⅜♪כ⸗ ∆╢ ╩ⱴꜟ♅⸗

©2024 IEEE 
©2024 IEEE  
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♪כ ─ ⅛⇔♪כ⸗ ⇔⌂™ ╩◦fi◓ꜟ⸗כ♪≤⇔≡ ∆╢ ⌂⅔

⌐ ╖─♪כ⸗ ∆╢ ╩ⱨꜙכ⸗כ♪≤⇔≡ ∆╢ ⅜№╢⅜

≢│ⱨꜙכ⸗כ♪╙ⱴꜟ♅⸗כ♪─ ≤╖⌂∆  

 │ ─ ≢№╡ ∕─ ⌐╟∫≡TE TM ⅜ ∆╢ ⇔√⅜

∫≡ ─⧵╙≡™⅔⌐♪כ⸗ ⌐╟∫≡ TE⸗כ♪ TM⸗כ♪≤ ∆╢↓

≤⅜№╢ ⇔√⅜∫≡ ◦fi◓ꜟ⸗כ♪ ≢│0 ♪כ⸗TE0╢№≢♪כ⸗ TM0⸗כ♪

─╖⅜ ∆╢↓≤⌐⌂╡ ↓╣╠╩ ≥♪כ⸗ ┬ ◖▪ ⌐ ⇔ ╢

♪כ⸗ │ ⇔√ ⌐╟∫≡ ↕╣╢√╘ ─≥↔♪כ⸗ ≤

╩ ⇔√ V≤ b│ (2-1)⅔╟┘ (2.2)─╟℮⌐

↕╣╢ ⌂⅔ k0│ ─ d│◖▪ n1│◖▪─ n2│◒ꜝ♇♪─

 b│ ╩ ∆ ╕√ N│0 ─ ≢№╡ N = n─ ⌐ ⅜

∆╢(= ⅜♪כ⸗ ∆╢)≤⅝ ∕─ n╩♪כ⸗ ≥♪כ⸗ ┬  

 

b =  =  

 

V = 
Ѝ

ÔÁÎ “  

 

 (2-2)╟╡ V≤⸗כ♪ N⌐╟∫≡ b│ ↕╣╢↓

≤⅜╦⅛╢ V─ ⌐╟∫≡│ b─ ⅜ ∑∏ ⌐ ⅜♪כ⸗ ⇔⌂™

╕√ b─ ⅜TE⅔╟┘TM≢∕╣∙╣ ─ ╩ ∆╢ ╩◦fi◓ꜟ⸗כ♪ ≤

┘ ◖▪⅜ ⅛≈ ⅜ ≢№╢≤⅝─ ≢│V < 2.405≢№╢↓≤⅜ ↕

╣≡™╢[13]↓─ │ ─◖▪ ╛ ⌂≥≢ ⌂╢⅜ כ⸗

♪ ╩ ╠∆√╘⌐│₈◖▪─ ₉₈◖▪-◒ꜝ♇♪ ─ ₉₈ ∆╢ ─

₉ ─ ⅜ ⅎ╠╣╢ ⇔√⅜∫≡ ⅝⌂◖▪◘▬☼ ╙⇔ↄ│◖▪-◒

ꜝ♇♪ ⌐ ⅝⌂ ╩ ∆╢ │ⱴꜟ♅⸗כ♪≢№╢↓≤⅜ ↄ ╟╡ ↄ

─ ╩ ≢ ↕∑╢ ⌐ ⇔≡⅔╡ ⌐ ꜞfi◒╩ ∆╢ ≤⇔

≡ ↄ ↕╣≡™╢ ⇔⅛⇔⌂⅜╠ 1꜠ ─╡√№fiכ ⅜ ∆╢⌐≈╣

♪כ⸗ ─ ⌐ ♪כ⸗╢∆ ─ ⅜ ⅝ↄ⌂∫≡⅝√ ⱴꜟ♅⸗

╙≡∫№≢♪כ ∆╢ ─ ♪כ⸗≡∫╟⌐ ╩ ∆╢↓≤│ ≢

│№╢╙── (WDM)╩ ⇔√ ─ ⌐ ∆╢ ─

⅜ ≢№╢⌂≥ ♪כ⸗ ╩♀꜡⌐∆╢↓≤│ ⇔™ ◦fi◓ꜟ⸗כ♪

≢│ ⅜♪כ⸗ ╠⅛≥↓╢№≢╖─♪כ⸗ ♪כ⸗ ─ ╩ ↑⌂™ ⱨ□▬Ᵽ

─◖▪ ⅜ ≢⌂™↓≤╛ ⌐╟╡ ◖▪ ╩ ∆╢ ♪כ⸗ ─ ⅜

∆╢╙── ♪כ⸗ ≤ ∆╢≤ ≢⅝╢꜠ⱬꜟ⌐ │ ↕™ ∕─√╘

(2-1) 

(2-2) 
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⌂≥ ╩ ∆╢ ≤⇔≡│ ─ ╩ ∆╢√╘⌐◦fi◓ꜟ⸗כ♪

ⱨ□▬Ᵽ⅜ ↕╣≡™╢ ╕√ ─ ╩♪כ⸗ ∆╢ⱴꜟ♅⸗כ♪≤ ⇔≡

™ ╩ ∆↓≤⅛╠ ╩ ™╢ ─ ╛ ─ ≈≤⇔

≡ ╩ ╘≡™╢♦☺♃ꜟ◖ⱥכ꜠fi♩ ─ ⅜ ≢№╢ ─

(Intensity Modulation-Direct DetectionIM-DD) ≢│ ⌐╟∫≡

─ ⅜ ∂╢─⌐ ⇔ ♦☺♃ꜟ◖ⱥכ꜠fi♩ ≢│ ─ ╩

⇔ ⌂╢ ⌐ ⇔≡ ╩ √∑╢↓≤≢ ⌂ ╩ ⌐⇔≡⅔╡  

QPSK(Quadrature Phase Shift Keying) ⅜ ↕╣≡™╢[14]╟╡ ה ─

⅜ ≤⌂╢ ≢│ ∆╢ ─ ⅔╟┘ ⌐ ⌂╢ ╩─∑╢

(Quadrature Amplitude ModulationQAM) ⅜ ↕╣╢↓≤⅜№╢[15] │╟╡

≢№∫≡╙ ↕╠⌂╢ ╩ ⅎ ◦fi◓ꜟ⸗כ♪ ⅜ ⇔≡™ↄ↓

≤⅜ ↕╣╢  

 

2.2.3. ǞǻǾ  

 ⌐ⱴꜟ♅⸗כ♪ ≢│ ◖▪ ─ ⌐╟∫≡ SI(Step-Index)

≤GI(Graded-Index)─2 ⌐ ↕╣╢[16] ⌐│ ⅜╟╡ ⌂SI ⅜

⌐ ⇔ ⌐ ♪כ⸗℮ ─ ⌐╟∫≡ GI ⅜ ↕╣√ SI

≤GI ─ ™╩Table 2-1⌐╕≤╘√  

 

Table 2-1 ⱳꜞⱴכ ─ ⌐╟╢ ™ 

 

 

SI │ ≤╙ ┌╣╢╟℮⌐ ◖▪≤◒ꜝ♇♪⅜∕╣∙╣ ─ ╩

⇔√ ≢№╡ ◖▪⌐ ↕╣√ │ ─ ⌂╢◖▪≤◒ꜝ♇♪─ ≢ ╩

╡ ∆↓≤≢ ⇔≡™ↄ ⇔√⅜∫≡ ◖▪≤◒ꜝ♇♪─2≈─ ─╖≢ ↕╣╢

ṇ

SI

GI

צּ

צּ ︢
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√╘ ─ ⅜ ≢№╡ ⱪ꜡☿☻ ╛ ≤™℮ ≢GI ⌐ ⇔≡

╩ ∆╢ ⇔⅛⇔ ⱨ□▬Ᵽ│ ─ ♪כ⸗╠⅛ ─ ↕™GIⱴ

♪כ⸗♅ꜟ ⱨ□▬Ᵽ╛ ♪כ⸗⌐ ⅜ ⇔⌂™◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ⅜

≢№╡ SI ─ │ ─ ╛ⱨ□▬Ᵽ꜠כ◙ ─ ⌂≥⌐

↕╣╢ ≢ ⌐ ™╠╣╢ │ ⅜ ≢№╢↓≤⅛╠

™╕∞⌐SI ⅜ ≤⌂∫≡™╢ SI │ ╩ ⇔√ ≢№╡ ◖▪-◒ꜝ♇

♪ ─ ↕⅜ ≤⌂╢√╘ ─ ↕⅜ ↕╣╢ ⌐ Si ≢

│ ≢ ╩ ∆◦ꜞ◖fi╩◖▪ ≤⇔≡™╢⌐╙⅛⅛╦╠∏ ◘ⱩⱵ

◒꜡fi○כ♄─ ╘≡ ↕™◖▪◘▬☼─√╘⌐ │ ⌐ 1 dB/cm ╕≢

⇔≡⇔╕℮[17]↓─ ≤⇔≡ ─ ≤ ─ ⅛╠ ⅎ╢ ─ ─

≢│ ◖▪◘▬☼ ╩ ∆╢ ─ ⌐╟∫≡ ─ ⅜♪כ⸗ ↕╣

≤⌂∫≡™╢≤ ⅎ╠╣╢ ─ ⌐ ∆╢≤ ⅜♪כ⸗ ∆╢

⅜ ╣⌐╟∫≡ ⌐ ™ ╠←↓≤⌐⌂╡ ◖▪─ ≤≤╙⌐ ─

⅜ ⇔≡™⅝ ™ ╩ ∆≤ ⅎ╠╣╢ ≢│ ⱪ꜡☿☻ ⌐╟∫≡

0.21 dB/cm─ [18]⅜ ↕╣≡™╢⅜ ∕╣≢╙ ⱳ♥fi◦ꜗꜟ⌐│ ⇔≡⅔╠∏ ↓

─ ⅜ Si ─ ─ ≤⌂∫≡™╢ ╕√ ≡∫╟⌐♪כ⸗

⌐ ⅜ ∆╢╕≢─ ⅜ ⌂╢√╘ ♪כ⸗─ ⅜ ⅝™ כ⸗─↓

♪ ⅜SI ─ ╩ ⅝ↄ ∆╢ ≤⌂∫≡™╢  

 GI │◖▪ ⌐◖▪ ╩ ≤⇔√ ╩ ⇔√ ≢№╡ ↕╣√

│◖▪ ╩ ⇔⌂⅜╠ ⇔≡™ↄ ∕─√╘ SI ≢│ ≤⌂╢◖▪-◒

ꜝ♇♪ ╣─ ╩ ↑≠╠ↄ ─ ♩꜠ꜝfi☻─ ≢ ╩ ∆ ╕√

│♪כ⸗ ╩ ⌐ ⇔ │♪כ⸗ ⇔⌂⅜╠ ╙ ⇔

≡™ↄ√╘ ♪כ⸗ ─ ╩ ∆╢ ≢ ⅝ ♪כ⸗ ╩ ∆╢↓≤⅜

≢№╢ ∕─√╘ ⌐GI │SI ≤ ⇔≡ ╩ ∆  

♪כ⸗  ─ ⌐│ ─ ⅜ ≢№╡ (2-3)⌐ ∆ ═⅝

⅜ ╙ ⌂ ≤⇔≡ ╠╣≡™╢ ⌂⅔ n1│◖▪ ─ a│◖

▪ D│ r│ ⅛╠─ ╩ ∆ ≢№╡ ─

g⌐╟∫≡ ⅜ ↕╣╢  

 

n(r) = n1 ρ ςῳ  

 

g = ӓ─≤⅝ (2-3)─ │ n1≤⌂╡ SI ─ ╩ ∆ ⌐ ◖▪

╩ ∆╢ ≢│g = 2 ♪כ⸗≢ ╩ ≢⅝╢↓≤⅜ ╠╣≡™╢[19] ╕

√ (2-4)≢ ↕╣╢D│ ≤ ↕╣╢ ╩ ∆╢ ⌂Ɽꜝⱷכ♃≢

№╡ ↄ ™╠╣╢ (Numerical ApertureNA)≤─ ╙ ∑≡ ⇔√ ⌂⅔ n1│

(2-3) 
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◖▪─ n2│◒ꜝ♇♪─ ╩ ∆ │ⱴꜟ♅⸗כ♪─ ≢ ™╠╣╢

≢ D│◦fi◓ꜟ⸗כ♪─ ⌐╟ↄ ™╠╣╢  

 

D = 
 
 = 

 
 

 

 ↓─╟℮⌐ GI │ ≢│ SI ⌐ ⇔≡ ╩ ∆⅜ ⌂

╩ ∆╢ ⅜№╡ ─ ╛ ⱪ꜡☿☻ ─ ⌐╟∫≡ ⌐

◖☻♩⅜ ™ ⱪꜞⱨ◊כⱶ╩ ⇔≡ ↕╣╢ ⱨ□▬Ᵽ≢│ ↕№√╡─◖

☻♩ ┼─ │ ↕™⅜ ≢│ ─ ≤⌂╡ ╢√╘ ╟

╡ ≢ ⌂ ⱪ꜡☿☻─ ⅜ ↕╣╢  

 

2.3.   ȾȊȍȹǡ  

 ↓↓≢│ ≤⇔≡ ↕╣≡⅝√ ⱨ□▬Ᵽ─ ╩ ═╢  

 

☻ꜝ●ה ⱨ□▬Ᵽ(Glass Optical Fiber : GOF) 

 ─ ╩ ⅎ╢ ≢№╡ ≢│ ⌂◦fi◓ꜟ⸗כ♪ ⱨ□▬

Ᵽ(Single-mode Fiber : SMF) ≢│ ⌐ ╣√ⱴꜟ♅⸗כ♪ ⱨ□▬Ᵽ

(Multimode Fiber : MMF)⅜ ™╠╣╢ MMF│ ⌐ ╦∑≡ ↕╣≡⅔╡[20]

◖▪ ⅜62.5 mm≢№╢OM1╩ ™√ OM2 OM5⅜ ↄ ™╠╣≡™╢ OM3 │

VCSEL(Vertical Cavity Surface Emitting Laser)╩ ™√ⱴꜟ♅⸗כ♪ ꜞfi◒─

≢№╢850 nm⌐ⱨ◊כ◌☻⇔≡ ╩ ⇔≡™╢ │ⱴꜟ♅⸗כ♪ ꜞfi

◒≢╙ ⌐ ↑√WDM⌐ ∆╢ ⅜ ↕╣≡⅔╡[21]OM5≢│953 nm≢─

╙ ↕╣≡™╢  

 

◒♇♬♩◊ⱨה ⱨ□▬Ᵽ(Photonic Crystal Fiber : PCF) 

 PCF│ Fig. 2-2⌐ ⇔√╟℮⌐ ⱨ□▬Ᵽ─ ⌐ ╛ ⌂╢ ╩

⌐ ⇔√ ╩ ≈ ⱨ□▬Ᵽ≢№╢ ⌐ ╩ ⅜ ∆╢ⱱכꜞכⱨ□▬

Ᵽ│◖▪⅜ n ԇ 1─ ≢№╢≤╖⌂∑╢√╘ ⅛≈ ⌂ ꜞfi◒╩

≢⅝╢ ╛☿fi◘ ⱨ□▬Ᵽ≤⇔≡ ↕╣≡™╢[22, 23, 24, 25]

ⱨ□▬Ᵽ─1 ≢№╢DNANF(Double Nested Antiresonant Nodeless Fiber)─ │C

≢0.174 dB/km≤ ╘≡ ™ ⅜ [26]↕╣≡⅔╡ ─ ╩ ℮ ≤

⇔≡ ⅝⌂ ╩ ╘≡™╢  

 

(2-4) 
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Fig. 2-2 ⱨ◊♩♬♇◒ ⱨ□▬Ᵽ─ [24]  

 

◒♇♅☻ꜝⱪה ⱨ□▬Ᵽ(Plastic Optical Fiber : POF) 

POF│ ™ ⅜ ≢№╢↓≤╩ ⅛⇔ ╛ ╩

≤⇔⌂™ ┼─ ⅜ ↕╣≡⅝√ ⌂ │ ≢№╡ ☻Ɑכ☻⅛≈

⌂ ≤⇔≡ ⌐ ↕╣≡™╢[27]╕√ ─ ⅜

≤⌂╡ ─POF≤⇔≡GI POF─ ⅜ ╘╠╣≡⅔╡ ≤─

≤⇔≡ POF─ ⅜⌂↕╣≡™╢[28]  

 

▪◖♅ꜟⱴה ⱨ□▬Ᵽ(Multi Core Fiber : MCF) 

 ─ ♃כ♦⌂ ─ ⌐ ⇔ ↓╣╕≢ WDM╛ (Pulse-

amplitude modulation : PAM)╩ ─╡√№fiכ꜠≡™ ╩ ↕∑≡⅝√ ⇔⅛⇔⌂

⅜╠ ◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ─ ◖▪ ⌐ ⅜ ∆╢↓≤≢ ⱨ□▬Ᵽⱥꜙכ

☼─ ⅜ ↕╣╢╟℮⌐⌂∫≡⅝√ ∕↓≢ ⌐ ╩ ∆╢ SDM(Space 

Division Multiplexing)⅜ ↕╣ ∕─ ≤⇔≡ ◒ꜝ♇♪ ⌐ ─◖▪╩ ⇔

√MCF⅜ ↕╣≡⅔╡ ⌂ ⱨ□▬Ᵽⱷכ◌⅜ ∆╢ ⅜≤ↄ⌐ ⇔≡™╢

[29, 30, 31] MCF⌐╟∫≡ √╡─ ⅜ ╘╢ ≢ ◖▪ ─ (Ⱨ

♇♅)⅜ ∆╢↓≤≢ ⅜ ─◒כ♩☻꜡◒╢∆ ⅜ ↕╣╢ ╕√ Ⱨ♇

♅ ─√╘⌐ⱨ□▬Ᵽ ⌐ ⇔≡◖▪⅜2 ⌐ ↕╣╢↓≤⅜ ↄ 1 ⌐

↕╣╢ ─ ≤─ ─ ⅜ ≤⌂∫≡™╢  

 

2.4.  ǡ  

☻ꜝ●ה  

 ●ꜝ☻ │ ∕─ ─ ™ ╩ ⅛⇔ ⌂

⅜ ⅛≈ ⌐╟╢ ⅜ ↕╣⌂™ ♦Ᵽ▬☻(Arrayed Waveguide 

Grating : AWG)┼─ [32, 33]⅜№╢ ●ꜝ☻ ─ ⌂ ≤⇔≡

│☻Ɽ♇♃ ╛ CVD(Chemical Vapor Deposition) ⅜ →╠╣╢⅜ ↄ╟╡ ↕╣≡™

╢▬○fi ≢│ ●ꜝ☻ ─♫♩ꜞ►ⱶ▬○fi╩ ▬○fi⌐ ∆╢↓≤≢ ╩

↕∑≡™╢ ▬○fi ⅜●ꜝ☻ ≢│ ↄ⌂╢↓≤╩ ⇔≡ ◖▪⌐

©2012 Optical Society of America ©2012 Optical Society of America  
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╩ ∆╢ ⅜ ↕╣≡⅔╡ ⌐▬○fi ⌐╟∫≡ ↕╣√◖▪ ─

ⱪ꜡ⱨ□▬ꜟ─ ╩Fig. 2-3⌐ ∆[34] ≢│ ⱨ▼ⱶ♩ ╩◙כ꜠ ™╢

↓≤≢ ⌂ ╩ ⅝ ↓⇔≡ ╩ ∆╢ ⅜ ↕╣≡⅔╡ ꜠

◙כ ─ ⌐╟∫≡3 ╩ ⇔√ ⅜ ↕╣≡™╢[35] ≢

∆╢ⱳꜞⱴכ ≤ ⇔≡ⱪ꜡☿☻⅜ ⅛≈ ◖☻♩≢№╢↓≤⅜ ↕╣≡

™╢  

 

 

Fig. 2-3 ▬○fi◄♇♅fi◓ ≢ ↕╣√●ꜝ☻ ◖▪ ─ ⱪ꜡ⱨ□▬ꜟ[34] 

 

כⱳꜞⱴה  

 ╣√ ╩ ∆●ꜝ☻ ⌐ ⇔ ⱳꜞⱴכ │∕─

╛ ╩ ⅛⇔√ ◖☻♩ ╩ ╖⌐⇔≡ ≢─ ꜞfi◒ ≤⇔≡

↕╣≡⅝√ ↄ│2000 ⌐ ╡ ╖ ┼─ ≤⇔≡ ⌐╟∫

≡ ↕╣≡™√[36] ⱳꜞⱴכ │ ⌂ ꜞfi◒ ≤⇔≡ ╩

╘≡™√√╘ ↓∟╠╙ ⌂ ≢№╢VCSEL╩ ™√ ꜞfi◒┼─ ⅜

↕╣≡⅔╡ ─ ☼꜠╩ ∆╢↓≤⅜≢⅝╢ ⌂ⱴꜟ♅⸗כ♪ ⅜

≢№∫√ VCSEL─ │850 nm≢№╢↓≤⅛╠ ⌐╟∫≡ 850 nm

≢ ╣√ ╩ ∆ⱳꜞⱴכ ⅜ ↕╣≡⅝√ ⱴꜟ♅⸗כ♪─ⱳꜞⱴכ

─ ╩Table 2-2⌐ ∆[37] ─ⱳꜞⱴכ ─℮∟ ⌂

⌐≈™≡│ 3 ≢ ⌐ ∆╢  

 

 

 

 

 

©2016 IEEE ©2016 
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Table 2-2 ⱳꜞⱴכ ≤ [37] 

 

 

≢│ fiכ꜠ √╡─ ♩כ꜠ ╛ ⌐ ℮ ⱡ▬☼─

┼─ ⇔™ ⌐╟∫≡ ꜞfi◒ ─ ⅜ ↕╣≡⅔╡ ⱨ□▬Ᵽ≢│

Ᵽכ◘™⌂⅝≢ ≤™∫√ ┼─ ꜞfi◒ ⌐ ↑ ⱳꜞⱴכ ─

⅜ ⇔≡™╢[38, 39, 40] ⌐ ™ ◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ─ ⅜ ╪

≢™╢↓≤⅛╠ ⱳꜞⱴכ ╙◦fi◓ꜟ⸗כ♪ ⌂╠┘⌐ 1310 nm≢─

⅜ ╘╠╣≡™╢ ⌐ ═√ ╡ ⱳꜞⱴכ│ ≢│ C-H ⌐ ∆╢

Ⱨכ◒⅜ ⌐⌂╢↓≤⅛╠ ⌐╟∫≡ ≢ ╩ ∆ⱳꜞⱴכ⅜

↕╣≡™╢ ⌂╙─≤⇔≡│ - Ɫ▬Ⱪꜞ♇♪ ⱨ♇ ◦

꜡◐◘fi  ⌂≥⅜ →╠╣╢[41]  

- Ɫ▬Ⱪꜞ♇♪ │ Fraunhofer ISC⅜ ⇔√ORMOCERÈ⅜ⱬכ☻≤⌂∫

≡⅔╡ ♪▬♠─ Micro resist technology⅛╠ ↕╣≡™╢[42] ╕√ │

ORMOCERÈ╩ ╗ SUNCONNECTÈ─ ╩ ∫≡⅔╡ ⅜ ↕╣≡

™╢[43] - Ɫ▬Ⱪꜞ♇♪ │ ╩ ∆↓≤⅛╠  1310 nm⅔╟

┘ 1550 nm≢ ™ ╩ ⇔ ╕√ ⌂ ╩ ∆╢↓≤≢ OE◄fi☺fi⌐ ∆

╢ ≤⇔≡ ⅜ ╦╣≡™╢  

ⱨ♇ │ AGC╛Chemoptics⅜ ≢ ⌂ ╩ ⇔≡™╢[44]

ⱨ♇ │ ⅜ ↄ ╕√ ◦fi◓ꜟ⸗כ♪ ≢─ ⅜ 0.2

0.3 dB/cm@1550 nm≤ ™ AGC─ⱨ♇ ≢ ⇔√ │ IBM─Ɽ♇◔כ

☺⌐ ↕╣≡⅔╡ ⌂│╪∞ꜞⱨ꜡כ ⌐ꜟכꜙ☺⸗╛ ⇔√ ≢─

╙ ↕╣≡™╢[45] ≢ ⱨ♇ ⌐≈™≡│ ─ ⌂PFAS [46]

⌐╟∫≡ ⌐ ⅜ ↑╠╣≡⅝≡™╢  

◦꜡◐◘fi │ Dow Corning─OE-4140UV(⅔╟┘ ─Rohm and Haas

─ LIGHTLINKÈ)⌂≥─ ⅜↕╕↨╕⌂ ⌐ ↕╣≡™╢[47] ─ ⅜ⱳ

©2008 ᴂ ᶘᵓ©2008  
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ꜞ◦꜡◐◘fi≢ ↕╣╢√╘ ⅜ ↄ ╕√  1310 nm⌐⅔↑╢ ╙0.3 

dB/cm≤ ↕™⅜ 1550 nm≢│ 0.6 dB/cm≤  2 ─ ≤ ═≡ ™ ⅜ ↕

╣≡™╢  

 

2.5.   ǡ Ǜ ǈǿǾ  

 │ ⌂ ꜞfi◒╩ ∆╢ ≤⇔≡ ↕╣≡⅝√ ─

ꜞfi◒ ↑ ≤⇔≡ ↕╣╢ ≤⇔≡│ ─╟℮⌂╙─⅜ →╠

╣╢  

ה ⅜  

☻☿꜡ⱪה ─ ↕ 

ה ⅜  

ה ─  

ה ⌂ ◖☻♩ 

↓╣╠│ ⌐ ↄ ⇔√ ⱨ□▬Ᵽ≤ ⌂ ≢№╡ ⌐ⱳꜞⱴכ

─ ⅜ ⌐╦√╡ ╩ ╘≡⅝√ ≤™ⅎ╢  

⌐CPO≢│☻Ɑכ☻№√╡─ ⅜ ╘╠╣╢↓≤ ╕√ ⱨ□

▬Ᵽ≤ Si ─ ⌐ ⅜№╢↓≤⅛╠ ─ ⅜

╕∫≡™╢  

↓↓≢ CPO─ ⌐ ↑≡ ⅝⌂ ─ ≈≢№╢ ⱨ□▬Ᵽ-Si

─ ⌐≈™≡ ∆╢  

⌂ Si ≤ ◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ≢№╢ G.652ⱨ□▬Ᵽ[48]─Ɽꜝ

ⱷכ♃╩Fig. 2-4≢ ⇔√ Fig. 2-4╟╡ ◖▪◘▬☼ D⅜ ⅝ↄ ⌂∫≡™

╢↓≤⅜╦⅛╢  

 

 

Fig. 2-4 ◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ≤Si ─Ɽꜝⱷכ♃  

 

Figure 2-4≢ ⇔√Ɽꜝⱷכ♃╩ ™≡ ◖▪⅛╠ ↕╣╢ ╩ ∆╢═

SMF

ȹḲ0.4 %

Ḳ8.2ɛm

Ѐϯ(Si)

0.44 mm

0.22 mm

8.2 mmf

Si waveguide

ȹḲ41 %

ú Ḳ0.44 ɛmú0.22ɛm

Ѐϯ
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ↄ ≤⇔≡ ─3 ╩ ⇔√  

ⱶכⱦה (Beam Propagation Method : BPM)[12] 

ה (Finite Difference Time Domain Method : FDTD)[49] 

ה ♪כ⸗ (EigenMode Expansion Method : EME)[50] 

↓─℮∟ ⱦכⱶ │ ─ ⅜ ⌐╦⅛╡╛∆ↄ ╕√ ⅜

™↓≤⅛╠ ₁⌂ ─ ⌐ ™╠╣≡™╢ ≢ ≢ ∆╢

─ ⌐│ ⇔≡™⌂™ ╕√ ⌐ ╩ ™≡™╢↓≤⅛╠ Si

─╟℮⌂ ™D╩ ∆╢ ─ ╩ ∆╢⌐│ ⅜ ≢№╡ ⅛

╠ ⇔√  

│ⱴ◒☻►▼ꜟ ─ ╩ ╘╢ ≢№╡ ⌐ ╩

™⌂™↓≤⅛╠ ⌂ ╩ ╢↓≤⅜≢⅝╢ ⌐╕≢ ⇔√ ⅜

≢№╢ ≢ ⅜ ≢№╡ ⌐ ∆╢ ⅜ ™ ≢│ ⱳꜞ

ⱴכ ─ Ɽꜝⱷכ♃╩ ↕∑⌂⅜╠ ╩ ∆╢√╘ ⅜

ↄ⌂╢↓≤⅜ ↕╣╢ ⌐ ◖▪◘▬☼─ ⌐│ ─ ⌐ ™ ↕

╠⌂╢ ─ ⅜ ↕╣╢  

♪כ⸗ ≢│ ─ ⅛╠ ⌐╟∫≡ Maxwell

⅜ √∆ ╩ ╘≡⅔╡ ╩ ™≡⅔╠∏ ™ ╩ ⇔≡™╢ ╕√

≤│ ⌂╡ ≈─ ⌐ ╛♪כ⸗≡⇔ ╩ ⌐ ∆╢√╘

─ ⅜ ⌂ ⌐│ ⌐ ≢№╢  

≢│ ◦ꜞ◖fiⱨ◊♩♬◒☻≢ ↕╣╢O ─1310 nm⌐ ╩ ⇔ ╩

╘╢↓≤⅛╠ ♪כ⸗ ╩ ≤⇔≡ ⇔√ ≢ ∆

│∆═≡ ♪כ⸗ ⌐╟╢ ≤⌂╢  

♪כ⸗ ≢│ ─ ≈ ╩♪כ⸗ ℮ │≥♪כ⸗ ╩

∆╢ ≥♪כ⸗ ─♪כ⸗ ≢№╢ ⌐ ↕╣╢ │ ─

╩ ⇔≡⅔╡ ─ ≈ ⌐♪כ⸗ ∏⇔╙ ⇔⌂™ ∕─√╘ ↕╣√

│ ─ ≈ ─♪כ⸗ ⌐╟∫≡ ↕╣ ∕╣∙╣─ ⌐♪כ⸗

⅛╣≡ ∆╢↓≤⌐⌂╡ ↓╣╩ ♪כ⸗ ≤ ┬[12]№╢ ⌐ ⇔√

⅜ ─ ⌐♪כ⸗ ↕╣╢▬ⱷכ☺╩Fig. 2-5⌐ ∆  
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Fig. 2-5 ⌐ ⇔√ ─ ♪כ⸗ ▬ⱷכ☺ 

 

⌂╢ ⌐≈™≡╙ ♪כ⸗ │ ╡ ∟ ≤⌂╢ ╩

∆╢ ⅜♪כ⸗ ≤⌂╢ ⅜ ≈ ⌐╣∙╣⧵♪כ⸗ ↕╣╢

⌐≈™≡ ≢⅝╢ ⇔√⅜∫≡ ─ ╩ ∆╢ ─

⌐≡∕╣∙╣─ ╩♪כ⸗ ╘ ⇔≡⅔ↄ↓≤≢ Ɽꜝⱷכ♃⅜ ⇔

√ ─ ⌐ ⇔≡ ⅜ ≤⌂╢ ↓─ Ɽꜝⱷכ♃─ ♁ⱨ

♩≤⇔≡ Photon Design─FIMMWAVE(ver. 8.4.0)╩ ™√ FIMMWAVE≢│ ─

♪כ⸗ ╩ ⇔≡™╢ ♪כ⸗ ─ ╩Table 2-3⌐ ∆[51] 

 

Table 2-3 FIMMWAVE─ ♪כ⸗ ─ [51] 

 

0ⱳ Я˔Ж 1ⱳ Я˔Ж

Ίếבּ Ί

ϼжАЖ

Ѐϯ

2ⱳ Я˔Ж

+ + + ˜
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Table 2-3─℮∟ GI ─ ⌐ ⇔≡™╢↓≤ ↕╠⌐│ ⌂ ⅜

⌂ ♪כ⸗ ≤⇔≡ (Finite Difference Method : FDM)╩ ⇔√

↓↓≢ ≡™≈⌐♪כ⸗ ∆╢[52] ╩z ≤ ⇔ ╕√ ⌐≈

™≡│ÅØÐ Ὥ≡⇔≥‫ὸ ↕╣≡™╢≤∆╢ ↓─≤⅝ №╢ ⌐ ⇔≡─ⱴ◒☻►

▼ꜟ ─ │ ─ (2-5)≢ ╠╣╢  ‐ ὼȟώ │ ─ ≢№╡ ‍│ ≢

№╢  

 

Ὁὼȟώȟᾀ ‐ ὼȟώϽÅØÐ Ὥ‍ᾀ 

 

 (2-5)╟╡ │♪כ⸗ ⌐ ⇔≡ ⌂ ╩ ⇔≡™╢↓≤⅜╦⅛╢

↓─ ⌐╟╡ FIMMPROP╩ ™≡ ╩♪כ⸗ ⇔√ ⌐ ⌂ ⅜ ≢⅝

╢↓≤⌐⌂╢ ⌐ │◖▪ ⌐ ∂ ╘╠╣╢ ┼♪♇ꜝ◒≥♪כ⸗

↕╣╢ ╩♪כ⸗ ⇔≡⅔╡ │♪כ⸗ ≢ ≢№╢─⌐ ⇔ │♪כ⸗

≢№╢ ◦Ⱶꜙ꜠כ◦ꜛfi │ ⌐ ∆╢ ╩♪כ⸗ ∑∏ ╩

∆╢↓≤≢ ╙♪כ⸗ ⌂ ™≤⇔≡™╢ ↓─≤⅝ ≥♪כ⸗ │♪כ⸗

╩⌂∆↓≤⅛╠ ─ⱴ◒☻►▼ꜟ ─ ─ │z ⌐ ⇔

≡ ─ ≤ ─ ⌐ ─♪כ⸗╗ ≢ ↕╣ ⌐ ⇔≡│ ─ (2-6)≢ ╠╣

╢  

 

╔ὼȟώȟᾀ ‐ ὼȟώ ὧὩ ὧὩ  

 

 (2-6)⌐≡ ‐ ὼȟώ│m ─♪כ⸗ ‍│m ─♪כ⸗ ὧ ὧ│

∕╣∙╣+z -z ⌐ ∆╢ ─ ╩ ∆  

─╟℮⌐⇔≡ FIMMWAVE≢ ╘√ ╩♪כ⸗ ⌐ ∆╢♁ⱨ♩≤⇔

≡ ─ FIMMPROP(ver. 8.4.0)╩ ™≡™╢ FIMMPROP│ FIMMWAVE≤ ╩

⇔≡⅔╡ ™─ ╩ ↑ ∆↓≤≢ ⌂ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔≡™

╢ z ⌐ ⇔≡ ⅜ ∆╢ ≈╕╡ ⌂╢ ≢─ ─ ⌂╢

♪כ⸗ ─ │ ≢№╠╦↕╣╢↓≤⌐⌂╢ ↓─≤⅝ ♪כ⸗ ─

│ ≤ ⅜♪כ⸗─╣∙╣⧵╢⌂⌐ ∆ ─ ⌂╡ ⌐╟∫≡

╠╣╢ ─ ⌐╟╡ ─Ɽꜝⱷכ♃( ⅎ┌◖▪ ) ≤™∫√

─ ╩ ⇔≡ ╩ ℮ ⌐│ ⌐ ∆╢↓≤≢ ⅜ ≢⅝╢

≢│ 4 5 ≢ ─ Ɽꜝⱷכ♃╩ ⇔√ ─ ╩

∫≡⅔╡ ╩ ∆╢ ♪כ⸗ ⅜ ≢№╢≤ ⅎ╠╣╢  

FIMMWAVE╩ ™≡ Fig. 2-4⌐ ⇔√ ≈─ ─ ─ ╩

⇔√ ♪ꜟכ▫ⱨ♪כ⸗╩ (Mode Field Diameter : MFD)─ ≤≤╙⌐Fig. 2-6⌐

(2-5) 

(2-6) 

https://ja.wikipedia.org/wiki/%E6%AD%A3%E8%A6%8F%E7%9B%B4%E4%BA%A4%E5%9F%BA%E5%BA%95
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∆ MFD│ ─ ⅜╡╩ ∆ ≢№╡ ◖▪ ─ ╩I0≤ ╘√

─I0 / e2─ ╩ ∆ ≢ ↕╣╢   

 

 

Fig. 2-6 ◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ≤Si ─ ≤MFD  

  

 ⌂⅔ Fig. 2-6⌐ ⇔√Si ─ │◖▪ ⌐ ≈─Ⱨכ◒⅜ ∆╢

╟℮⌐ ⅎ╢⅜ ⌐│◖▪ ⌐ ─Ⱨכ◒⅜ ∂≡™╢ Si ◖▪⅛╠

─ ⱪ꜡ⱨ□▬ꜟ ╩Fig. 2-7⌐ ∆ ↓↓≢ ⌐ ⅛╡╛∆ↄ∆╢

⌐ Fig. 2-7⌐ ⇔√ⱪ꜡ⱨ□▬ꜟ│ 0.04 mm ⌐ ⇔√ ╩Excel≢ ™

≢⅔╡ ─ ≤│ ⌂╢ Fig. 2-7╟╡ ≢│Si ─◖▪

⌐ Ⱨכ◒⅜ ∂≡⅔╡ ╕√ ⌐≈™≡╙●►☻ ≤│ ⌂╢ ⱪ꜡ⱨ

□▬ꜟ╩ ⇔≡™╢↓≤⅛╠ Si ⌐≈™≡│ ⌐│MFD╩ ≢⅝⌂™ ⇔√

⅜∫≡Fig. 2-6≢│ ◖▪ ─ ⌐ ⇔≡ 1/e2─ ╩≤╢ ╙⇔ↄ│

↕╩MFD≤⇔≡ ⇔≡™╢  

 

 

Fig. 2-7 Si ◖▪⅛╠─ ⱪ꜡ⱨ□▬ꜟ 
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 ↓↓≢ ─ ⌐≈™≡ ⌐ ⅎ╢ ⌐ ⇔ ⅜ ↕

╣╢ │ ⌐╟∫≡ ↕╣╢ ≢♪כ⸗ ↕╣╢ ─ ─ ╩

∆╢ ∕─√╘ №╢ ╩ ⇔≡⅝√ │ ─ ⌂╢ ─ ⌐

∆╢ ∆═≡─ ⅜ ∆╢↓≤⌂ↄ ─ ╩ ⌂ ♪כ⸗

─╖⅜ ∆╢↓≤⌐⌂╢ ↓─≤⅝ h│ ─ ╩ E1(x,y)

─ ╩E2(x,y)≤⇔√≤⅝ (2-7)─ ⌂╡ ≢ ⅎ╠╣╢[12]⌂⅔

(2-7)⌐≡₈*₉│ ╩ ⇔ ─ ─ ™⌐╟╢ⱨ꜠Ⱡꜟ │ ⇔

≡™⌂™  

h = 
ȿ᷿ ᷿ ᶻ ȟ ȟȿ

᷿ ᷿ ȿ ȟȿ᷿ ᷿ ȿ ȟȿ
 

 

 2≈─ ─ ⅜♪כ⸗ ∆╢≤⅝ ≈╕╡E1 = E2 ─ ⅜ ╡ ≈≤⅝

h│1≤⌂╡∆═≡─ ⅜ ∆╢↓≤⌐⌂╢ ⅜ⱴꜟ♅⸗כ♪─

│ ♪כ⸗ ─ ⌐ ∫≡ ⇔√ ⅜ ↕╣≡ ∆╢↓≤⌐⌂

╢ ⌐♪כ⸗ ≢⅝⌂⅛∫√ │ ▪◖≡⇔≥♪כ⸗ ╩ ∆╢↓≤⌂

ↄ ╛⅜≡ ≤⌂╡ ∆╢ ↓╣╩ ─ ≤ ┘ 1- h≢ ⅎ╠╣╢ ⇔

√⅜∫≡ ╩ ∆╢⌐│ h╩ ╘╢↓≤≤ ≢№╡ ∕─√╘⌐│

─ ─ꜟ▬□ⱪ꜡ⱨ─♪כ⸗ ╩ ╘╢ ⅜№╢↓≤⅜╦⅛╢  

 ↓↓≢ Fig. 2-6╟╡ SMF≤Si │ ⅝ↄ ⅜ ⌂∫≡⅔╡ ╩

⇔√ ⌐│ ⅝⌂ ⅜ ∂╢↓≤⅜ ↕╣╢ ⌐ FIMMPROP╩ ™≡

SMF≤Si ─ ⸗♦ꜟ╩Fig. 2-8─╟℮⌐ ⇔ ╩ ⇔√  

 

 

Fig. 2-8 SMF≤Si ─ ◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ 

SMF

(2-7) 
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↓─ SMF─TE00⸗כ♪┼─ ╩PinSi ─ ⅛(TE00,TM00)♪כ⸗

╠─ ╩Pout≤⇔√≤⅝ Lcoupling│ (2-8)≢ ↕╣╢  

 

Lcoupling = -10 × log10(Pout / Pin) 

 

 Figure 2-8─⸗♦ꜟ⌐ ™ ╩ ⇔√ ⇔√ ─ ╩Fig. 2-9⌐ ∆  

 

 

Fig. 2-9 SMF⅛╠Si ┼─ ─  

 

Figure 2-9╟╡ ─ ≢ ∆╢ ☻ⱳ♇♩⅜ ⅝ↄ ⌂∫≡⅔╡

⅜ ∂≡™╢↓≤⅜ ≢⅝√ ─ │20 dB≤⌂∫≡⅔╡ ↓─

│ 20 dB [41]≤ ╙╠╣≡™╢◦☻♥ⱶ≢ ⌂꜡☻Ᵽ☺▼♇♩≤ ⇔≡╙

⅝™ ⇔√⅜∫≡ 1 ≢ ═√╟℮⌂ ─ ⅜ ↕╣≡™╢╙

── ⌐ CPO┼─ ╩ ⅎ√ ▬fi♃כⱳכ◙ ╛Ɽ♇◔כ☺ ≤™∫

√ ≢─ ⅜ ↕╣╢↓≤╙№╡ ≢│ ─ │⌂↕

╣≡™⌂™ ∕↓≢ⱳꜞⱴכ ─ ╣√ ╩ ⅛⇔ ☻Ɑכ☻⅛≈ⱪ꜡☿☻

⌐ ╣√ ╩ ≢№╢↓≤⅜ ↕╣≡™╢  

1 ≢ ⌐ ⇔√ ╡ ⱳꜞⱴכ ╩ ⇔√ ≤⇔≡ ▪♦▫▪Ᵽ♥

▫♇◒ ⅜ ↄ ↕╣≡™╢[5]↓↓≢│▪♦▫▪Ᵽ♥▫♇◒ ─

ⱳꜞⱴכ ╩ ™√ ⱨ□▬Ᵽ≤ Si ─ ─ ╩ ∆╢

≢│ Si ⅛╠ ↕╣√ ╩ ≈─Ⱶꜝכ ╩ ∆↓≤≢ ⱳꜞ

ⱴכ ⌐ ∆╢ ╩ ⇔≡™╢[38]ⱳꜞⱴכ ⌐╟╢ ─▬ⱷכ

☺╩ Fig. 2-10⌐ ∆ Ⱶꜝכ ╩ ∆╢↓≤⌐╟╡ ☻ⱳ♇♩◘▬☼ ⅔╟┘

╩ ∫≡⅔╡ ⌂ ⌐ ⇔≡ ╩ ≢⅝╢  

 

SMF

(2-8) 



 

 

 

 2  ꜞfi◒╩ ∆╢  

32 

 

 

Fig. 2-10 ⱳꜞⱴכ ╩ ™√ ─▬ⱷכ☺ 

(a)  (b)Ⱶꜝכ ─  

 

≢│ ⌐╟∫≡ ↕╣√ⱳꜞⱴכ ╩ ™≡ ♅♇ⱪ-

ⱨ□▬Ᵽ ⌐ ∆╢ (Fig. 2-11)⅜⌂↕╣≡™╢[53] ≢│

⅜ ⌐ ╩ ⅝ ↓⇔≡ ⅜ ∆╢ ╩ ⇔ ⇔√ ─ ⌐

∫≡◖▪⅜ ↕╣╢ ≤ ∕╣∙╣⅛╠ ⌐ ⇔≡ ╩

↕∑╢↓≤≢ ∏╣╩ ⇔⌂⅜╠ ╩ ⌐ ∆╢↓≤⅜≢⅝ ≢

─ ≤⌂╢▪ꜝ▬ⱷfi♩╩ ≤⇔⌂™  

 

 

Fig. 2-11 ⌐╟╢ ⱨ□▬Ᵽ≤♅♇ⱪ ─ [53] 

 

 ≢│ ╩ ⇔ ⅛≈ ◖▪╩ ♩כ◐☻⸗⌂ ╩

♩כ◐☻⸗[54]╢™≡⇔ ╩ ™≡ ↕╣√ ⱳꜞⱴכ ⌐╟╢☻ⱳ♇♩◘▬☼

─ ╩Fig. 2-12⌐ ♩כ◐☻⸗[55]∆ ⌐╟╢ⱳꜞⱴכ ⱪ꜡☿☻│ 3

≢ ∆╢⅜ ⱪ꜡☿☻ ─ ─╖≢ Ɽכ♥⌂ ╩ ⌂√╘ ☻

ⱳ♇♩◘▬☼ ╩ ⌐ ≢⅝╢ ≤⇔≡ ╩ ╘≡™╢  
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Fig. 2-12 Mosquito⌐╟∫≡ ↕╣√ⱳꜞⱴכ ☻ⱳ♇♩◘▬☼ [55] 

 

≢│ ꞉▬ꜘⱲfi♦▫fi◓ ⌐╟╢ ⌐ ∆╢ ╙ ╖

≤⇔≡ ╩ ╘≡™╢ MCF≤─ ╩ ⌐⇔√ ╙№╢[56]ⱳꜞⱴכ

╩ ™√Si ≤MCF ─ ╩Fig. 2-13⌐ ∆  

 

 

 

Fig. 2-13 ⱳꜞⱴכ ⌐╟╢Si -MCF ─ [56] 

 

 ↓╣╕≢ⱳꜞⱴכ │ ≢ ╩ ∆╢ ≤⇔≡ ™

╩ ≤⇔⌂™ ≢─ ⅜ ↕╣≡⅝√⅜ ≢│ ─╟℮⌐Ɫ▬◄fi♪

≢─ ⅜ ↕╣≡™╢ Ɫ▬◄fi♪ ⌐ⱳꜞⱴכ ╩ ∆╢ ☻Ɑ

☻כ ⅜ ↕╣╢♅♇ⱪ ┼─ ⅜ ↕╣╢⅜ ♅♇ⱪ│♦כ♃ ⌐╟╡

⅜ ∂ ≢╙ 90 ϴ [57]≤⌂╢↓≤⅜ ╠╣≡™╢ ⌐ ⱳꜞⱴכ│

≢№╢↓≤⅜ ↄ ≢─ ⅜ ↕╣╢╙── ↓╣╕≢ⱳꜞⱴכ

©2014 IEEE ©2014 IEEE  

©2022 IEEE  
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│ ≢─ ⌐ ∆╢ ⅜ ≢№╡ ≢─ ⌐ ⇔≡

⇔√ │╒≤╪≥⌂™ ⌐ ◦fi◓ꜟ⸗כ♪ ⅜ ↕╣╢CPO ≢│ Ⱶ◒

꜡fi╙⇔ↄ│◘ⱩⱵ◒꜡fi○כ♄≢─◖▪ ╦∑ ⅜ ↕╣╢√╘

─ ─╖⌂╠∏ ─ ╩ ≢⅝╢⅛⅜ ≤⌂╢  

∕↓≢ ≢│ ◦fi◓ꜟ⸗כ♪ⱳꜞⱴכ ≤SMF≤─ ─

╩ ⇔ ⱳꜞⱴכ ─CPO ╩ ∆╢ ⌐ ⱳꜞⱴכ ◖

▪─ ╛ ⅜ ─ ⌐ ⅎ╢ ╩ ∆╢  

 

2.6.    

 ≢│ ꜞfi◒╩ ∆╢ ⌐≈™≡ ⌐ ⇔ ∕─ ≤ ╩

⇔√ ⌐ CPO ⌐ ↑≡ⱳꜞⱴכ ⅜ √∆═⅝ ╩ ⌐⇔ ◦fi◓ꜟ

כⱳꜞⱴ♪כ⸗ ─ ─ ╩ ⇔√  
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3  

ȠɜșɔɋºȲɆɓɇº ǡ  

3.1.  

≢│ CPO┼─ⱳꜞⱴכ ╩ ⅎ ⱳꜞⱴכ ─ ─

⌐ ∆╢ ⌐≡ CPO ↑ ≤⇔≡ ⱳꜞⱴכ ⅜ ↕

╣≡™╢ ╩ ⇔ ⱳꜞⱴכ ⌐╙◦fi◓ꜟ⸗כ♪ ⅜ ╘╠╣≡™╢↓≤

╩ ⇔√ ∕↓≢ ≢│ ⱳꜞⱴכ ─ ≤⇔≡ ╠╣╢ ⌐≈™≡

⇔√─∟ ─ ≢╙№╢SI ≤GI ─ ─ 2 ─ ╩ ⇔

⌂ ╩ ∆╢ ⌐ ∕╣∙╣─ ⌐≡ ─◖▪ ╩ ∆╢ⱳꜞⱴכ

╩ ⌐ ⇔ ╩ ∆╢ ⇔√ⱳꜞⱴכ ⅜◦fi◓ꜟ⸗כ♪

∆╢↓≤╩ ∆╢≤ ⌐ ╠╣√MFD⅜◦Ⱶꜙ꜠כ◦ꜛfi≤ ⇔≡™╢↓≤╩

∆  

 

3.2. Ɇɓɇº ǡ  

│∂╘⌐ ↓╣╕≢ ╟╡ ↕╣≡™╢ⱳꜞⱴכ ⅛╠ ⌂

╙─╩ ⇔ ∆╢ ⌐ ⱳꜞⱴכ ◖▪ ─ │ ⌐ ⅝ↄ

⇔≡⅔╡ ─ │ ╩ ╘╢℮ⅎ≢ ⌐ ⌂ ≤⌂╢ CPO┼

─◦fi◓ꜟ⸗כ♪ⱳꜞⱴכ ╩ ∆╢═ↄ SI ≤GI ─◖▪ ─

─ ™⌐ ⇔≡ ∆╢ ⇔√⅜∫≡ ─ ╩ ∆╢ ≢

─ ™ ╩ ∆╢↓≤≤⇔√  

 

3.2.1. SI Ɇɓɇº ǡ  

╙ ⌂ⱳꜞⱴכ ─ ≤⇔≡ ↄ ╠╣╢ⱨ◊♩ꜞ♁◓ꜝⱨ▫ ≢│

ⱴ☻◒╩ ⇔√ ⌐╟╢ ⱳ☺/Ⱡ●Ɽ♃כfi⌐╟╢ ╩ ∫≡⅔╡ ◖▪

⅜ ─ SI ─◖▪⅜ ↕╣╢ ⱨ◊♩ꜞ♁◓ꜝⱨ▫ ─ ≢╙ ⱨ◊♩꜠☺☻

♩ ─ ⌐╟∫≡↕╠⌐ ↕╣ ꜠☺☻♩╩ ∆╢ⱪ꜡☿☻╩ ▬○fi◄

♇♅fi◓(Reactive Ion Etching : RIE) ⇔⌂™ⱪ꜡☿☻╩ ≤ ┬  

 

ü RIEÈReactive Ion EtchingÉ  

CMOSⱪ꜡☿☻ ┘ ─ ⅜ ⌂RIE│ ╙ ↄ ↕╣≡™╢ⱳꜞⱴ

כ ─ ≈≢№╢[1] ⌂ ⅜ ≤™℮ ⅛╠ Si ─

─ ┼─ ⅜№╢ RIE ⌐╟╢ⱳꜞⱴכ ⱪ꜡☿☻╩

Fig. 3-1⌐ ∆  
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Fig. 3-1 RIE⌐╟∫≡ ↕╣√ [1] 

(a) ⱪ꜡☿☻ (b) ↕╣√ꜞ♇☺  

 

ü  

≢│ ─ RIE≤ ⌂╡⁸ⱨ◊♩꜠☺☻♩╩ ∑∏ ◖▪ ≤⇔≡

╩ ∆╢ ⱨ◊♩꜠☺☻♩╩ ⇔⌂™↓≤≢ ◖☻♩⅛≈ ≢ⱳꜞⱴ

כ ╩ ∆╢↓≤⅜≢⅝╢ ╕√ ⱪ꜡☿☻─ ⌐╟╡ ╩ ↕

∏≤╙ ─ ⅜ ≤⌂∫≡™╢↓≤⅛╠ ⌐ ≢ ↄ ™╠╣╢↓

≤⅜ ™ ─ ה ╩ ╡ ∆ⱪ꜡☿☻─ ╙ ≢№╢[2]  

≢ ≢│ ⌐╟╢►▼♇♩◄♇♅fi◓ⱪ꜡☿☻╩ ≤⇔ RIE≢─

♪ꜝ▬◄♇♅fi◓─╟℮⌂ ▪☻Ɑ◒♩ ─ ™ ⌂◖▪ │ ≤⇔≡™⌂™ ╕

√ │ ≢№╢╙── ─♅ꜗⱠꜟ │ ≢№╡ ≢─

⌐ ╠╣╢  

⌐╟╢ⱳꜞⱴכ ⱪ꜡☿☻╩Fig. 3-2⌐ ∆  

 

(a) 

(b) 
©1997 Optical Society of America  
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Fig. 3-2 ⌐╟╢ⱳꜞⱴכ ⱪ꜡☿☻ 

 

2 │SI ⱳꜞⱴכ ─ ≤⇔≡ ↄ ™╠╣≡⅔╡ ─CMOS

ⱪ꜡☿☻≤─ ⅜ ™↓≤⅛╠ ≢ ⌐ ∆╢↓≤⅜ ≢№╢ ≢ ⱳꜞ

ⱴכ ─◖▪⅜SI ≢№╢⅜ ─ ╙ ⇔≡⅔╡ ∕─ ≈⅜◖▪/◒ꜝ♇♪─

╣≢№╢ SI ◖▪≢│ ◖▪/◒ꜝ♇♪ ─ ⌐╟╢ ╩ ⇔≡ ⅜

∆╢√╘ ╣⅜ ⌐ ⇔≡⇔╕℮ ╕√ ≢ ═√╟℮⌐SI

♪כ⸗│ ─ ╩ ↑╛∆ↄ ⅜ ╗≢№╤℮ ꜞfi◒ ≤

⇔≡ ─√╘─Ⱳ♩ꜟⱠ♇◒≤⌂╢↓≤⅜ ↕╣≡™╢  

∆╢GI ⱳꜞⱴכ ≤─ ─ ⅜ ↄ ⱴ☻◒ ≢

ↄⱳꜞⱴכ ╩ ⌂ ╩ SI ⱳꜞⱴכ ≤

⇔≡ ⇔√  

 

ü ɘȍɍɅɜȰȌɜș  

 Vanguard⌐╟∫≡ ↕╣√ 3 ╩ ≤∆╢ⱳꜞⱴכ ≢№╢

[3]◒ꜝ♇♪ ≢ ╩ ↕∑╢↓≤≢ ה ╩ ↓∆↓≤≢◖▪

╩ ∆╢ ╩ ⌐ ≢⅝╢√╘ Ɽ♇◔כ☺ ⌐ ↕╣≡™⌂™ ⌂

╢ ╩ ≢№╡ ╕√ Fig. 3-3⌐ ∆╟℮⌐●ꜝ☻-Si ─

╙ ↕╣≡™╢[4] ⌐╟╢◖▪ ─ ┼─ ╛ ─

↕ ╩ ⇔≡™╢╙── ≢│ ⌂ ╩ ⌂ⱳꜞⱴכ

≤⇔≡ ╩ ╘≡™╢  

 

 

Fig. 3-3 Ⱳfi♦▫fi◓ ⌐╟∫≡ ↕╣√ⱳꜞⱴכ [4] 

1) 2) 3)UV 4) 5)

©2014 IEEE  
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3.2.2. GIɆɓɇº ǡ  

GI │◖▪ ≢ ⅜ ↕╣≡™╢↓≤╩ ≤⇔ ⅜◖▪ ╩ ⇔⌂⅜╠

⇔≡™ↄ↓≤⅛╠ ⱴꜟ♅⸗כ♪≢│ ╛ ♪כ⸗ ⅜ ≢⅝╢ ≢

№╢ GI │∕─ ⅛╠ ⇔≡ ⌂ │ ╠╣≡⅔╡ ⌂ 3

╩ ∆╢  

 

ü ȍɜɀɓɜȱ (ȦȾȱɓȦșɒȾȌ ) 

▬fiⱪꜞfi♩ │⁸GI ─◖▪╩ ∆╢ⱳꜞⱴכ ╩ ∆╢ ≤⇔≡ ↄ

╟╡ ╠╣≡⅝√ ⌂ ≢№╢[5, 6]▬fiⱪꜞfi♩ ⌐╟╢ ╩Fig. 3-4⌐

∆  

 

 

Fig. 3-4 ▬fiⱪꜞfi♩ ⌐╟╢ⱳꜞⱴכ ─ ⱪ꜡☿☻ 

 

│∂╘⌐ ⌐▪fi♄כ◒ꜝ♇♪≤⌂╢◒ꜝ♇♪⸗ⱡⱴכ╩ ⇔√─∟ ⅛╠

╩♪ꜟכ⸗ ⇔ ≡╢ ↓─ PDMS(ⱳꜞ☺ⱷ♅ꜟ◦꜡◐◘fi) ⅛╠№│⌐♪ꜟכ⸗─

∂╘ Ɽ♃כfi⅜ ↕╣≡⅔╡ ⇔ ≡√ ≢ ∆╢↓≤≢◒ꜝ♇♪⸗

ⱡⱴכ╩ ↕∑╢↓≤≢ ⌐Ɽ♃כfi⅜ ↕╣√▪fi♄כ◒ꜝ♇♪╩ ╢↓≤⅜

≢⅝╢ ≈≠™≡ ▪fi♄כ◒ꜝ♇♪ ─ ⌐◖▪⸗ⱡⱴכ╩ ה ⌂◖▪⸗ⱡⱴכ╩

∆╢↓≤≢ ⌐♪ꜟכ⸗ ↕╣√ Ɽ♃כfi≤ ∂Ɽ♃כfi╩ ∆╢◖▪Ɽ♃כ

fi╩ ╢↓≤⅜≢⅝╢ ≢◖▪╩ ⇔√─∟ ╢⌂≥♪♇ꜝ◒כⱣכ○⌐

◒ꜝ♇♪⸗ⱡⱴכ╩ ⇔≡ ↕∑╢↓≤≢ ⅜ ∆╢ ⱪ꜡☿☻

─ ─ ╛ ╩ ∆╢↓≤≢ ⸗ⱡⱴכ─ ™╩ ∆╢

↓≤⅜≢⅝╢ ⸗ⱡⱴכ╩ ⌐ ⇔√ ⌐│ SI ─◖▪╩ ╢↓≤⅜≢⅝╢ ≢

⌐ ╘╢↓≤≢ ⸗ⱡⱴכ⅜ ∆╢ ╩ ∆↓≤⅜≢⅝╢ ↓─ ▪fi♄כ◒

ꜝ♇♪-◖▪ ♪♇ꜝ◒כⱣכ○-▪◖┘ ≢ ─ ⌂╢⸗ⱡⱴכ ─ ⅜

∂ ─♪♇ꜝ◒ה▪◖ ⌐⸗ⱡⱴכ─ ⌐ ∆╢ ─ ╩ ∆╢

↓≤⅜≢⅝╢ ↓╣╠⸗ⱡⱴכ ─ │ ⱪ꜡☿☻≢№╢ ┘ⱳ☻♩ⱬכ◒

⌐╟∫≡ ⇔ ╙ ↕╣ GI ◖▪╩ ∆╢ⱳꜞⱴכ

╩ ╢↓≤⅜≢⅝╢ ⇔√⅜∫≡ ▬fiⱪꜞfi♩ │ ⱪ꜡☿☻ ─ ⌐╟╡

SI ≤ GI ╩ ╡ ↑╢↓≤⅜ ⌂◒כ♬ꜚ⌂ ≢№╢≤™ⅎ╢ ⌐▬fi

ⱪꜞfi♩ ─ⱪ꜡☿☻ ╩ ↕∑╢↓≤≢ ╩ ↕∑√ ⱳꜞⱴכ

1) 2)UV 3)

PDMS
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─ ╩Fig. 3-5⌐ ∆  

 

 

Fig. 3-5 ▬fiⱪꜞfi♩ ≢ ↕╣√ⱳꜞⱴכ ─ ≤ [6] 

 

≢ ─♪ꜟכ⸗│ ⌐╟∫≡ ↕╣ 3 ─ │ ≢№╢

↓≤ ╕√ ◖▪⸗ⱡⱴכ ≢ ⌂ ⅜⌂↕╣≡™⌂™ ◖▪ ≢♅

ꜗⱠꜟ⅜ ⇔ ◒כ♩☻꜡◒ ≤⌂╡℮╢ ≤⌂╢ ⅜№╢  

 

ü ɋȢȖºȱ  

♩כ◐☻⸗ │⁸ ─ ⌐╟∫≡ ↕╣√ⱳꜞⱴכ ─

♩כ◐☻⸗[7]╢№≢ ⌐╟╢ⱳꜞⱴכ ─ ╩Fig. 3-6⌐ ∆ │∂╘

⌐ fi◗ⱶכ◖ꜞ◦⌐ ─ ╩ ⇔ ∕─ ⌐ ─◒ꜝ♇♪⸗ⱡⱴכ╩ ∆

╢ ≈≠™≡ ◦ꜞfi☺ ⌐ ↕╣√◖▪⸗ⱡⱴכ╩ ◒ꜝ♇♪⸗ⱡⱴכ ⌐ ↕

╩ꜟ♪כ♬√╣ ⇔≡ ╩ꜟ♪כ♬╠⅜⌂∑↕ ↕∑╢↓≤≢ ◒ꜝ♇♪ ⌐◖▪Ɽ

╩fiכ♃ ∆╢ ⌐ ╩◒כⱳ☻♩ⱬה ™ ⸗ⱡⱴכ╩ ↕∑╢↓

≤≢ⱳꜞⱴכ ⅜ ∆╢  

 

 

Fig. 3-6 ⸗☻◐כ♩ ⌐╟╢ⱳꜞⱴכ ─ ⱪ꜡☿☻ 

 

≢ ↕╣╢◖▪│ ⌐╟╡ ╙ ╩ ↕ↄ≢⅝╢ ╩ ⇔≡™

╢↓≤⅛╠ ◖▪╩ ∆╢ ⱨ□▬Ᵽ≤─ ⌂ ⅜ ≢⅝╢ ╕√

◒ꜝ♇♪ ┼─ ◖▪ ≤™℮ ⌂◒כ♬ꜚ⌐ ≢ ↕╣╢√╘

≢─ ⅜ ∂╛∆ↄ GI ─◖▪╩ ⌐ ≢№╢[8]∕─ ─

1) 2) 3)UV

©2019 IEEE  
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≤⇔≡ ꜟ♪כ♬ ╩ⱪ꜡◓ꜝⱶ≢ ∆╢↓≤⅜≢⅝╢↓≤⅛╠ ╘≡ ™Ɽ♃

fiכ ╩ ⇔≡⅔╡ ⱪ꜡☿☻≢│ ⅜ ⌂ ⌂Ɽ♃כfi ⅜ ≢

№╢ ⅜ →╠╣╢ ≢│ ─ MCF─ ╙ ↕╣≡⅔╡ ⸗☻◐

♩כ ⌐╟∫≡ ↕╣╢ ◖▪ ╩ ∆╢ⱳꜞⱴכ │ ⌐⅔↑╢

◖▪ ╩ ∆╢MCF≤─ ≤⇔≡╙ ╩ ╘≡™╢ ⌐ ♩כ◐☻⸗

╩ ™≡ ↕╣√ MCF≤─ ╩ ⇔√ 3 ─ ╩ Fig. 3-7⌐

∆[9] 

 

 

Fig. 3-7 ⸗☻◐כ♩ ⌐╟∫≡ ↕╣√MCF ⱳꜞⱴכ ─ [9] 

 

ü ȾȒȱȋȲɕȢ  

ⱨ◊♩▪♪꜠☻ │⁸ ⱬכ◒ꜝ▬♩ ⌐╟∫≡ ↕╣≡™╢ⱳꜞⱴכ

─ ≢№╢[10]ⱨ◊♩▪♪꜠☻ ⌐╟╢ⱳꜞⱴכ ─ ╩ Fig. 3-8

⌐ ∆  

 

 

Fig. 3-8 ⱨ◊♩▪♪꜠☻ ⌐╟╢ⱳꜞⱴכ ─ ⱪ꜡☿☻ 

 

│∂╘⌐ ⌐◖▪꞉♬☻╩ ⇔ ⱪꜞⱬכ◒ ⌐ⱨ◊♩ⱴ☻◒╩ ⇔≡

╩ ℮ ⌐ⱬכ◐fi◓∆╢↓≤≢ ⅜ ⇔ ↕╣√ ─

⅜ ⇔ ≤─ ⅜ ∂╢↓≤≢ ─ ⅜ ↕╣╢

⌐ Ɽ♃כ♬fi◓↕╣√♪ꜝ▬ⱨ▫ꜟⱶ╩◒ꜝ♇♪ⱨ▫ꜟⱶ≢ꜝⱵⱠכ♩∆╢↓≤≢ ╖

─ ╩ ⇔≡ ⅜ ∆╢  

 ≢ ↕╣╢◖▪│ ─- ⌐ ⅜ ↕╣╢↓≤≢

─╖⌐ ╩ ∆╢( GI≤ ∆╢) ⌐ ⌂◖▪╩ ∆╢

╕√ ─ ┘ ⌐╟∫≡◖▪ ╖ ┼─ ╙ ⇔≡

1) 2)UV 3) Ẁ 4)

©2022 IEEE  
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™╢[11] ⱬכ◒ꜝ▬♩ ≢│↓╣╠ GI ◖▪─ ╩ ⅛⇔ ♅ꜗⱠꜟ ╛◦

ꜗ♇ⱨꜞfi◓ ╩ ∆╢ⱳꜞⱴכ ⌐ ∆╢ ╙ ↕╣≡™╢[12]ⱨ◊♩

▪♪꜠☻ ╩ ™≡ ↕╣√ GIⱳꜞⱴכ ─ ≤ ╩Fig. 3-

9⌐ ∆ ╕√ ⱨ◊♩▪♪꜠☻ │ⱡꜟⱲꜟⱠfi╩ⱬכ☻≤⇔√ ╩ ⇔≡⅔╡

─ ™ ≤ ┼─ ⌐╟╢ ≤─ ╩ ≤⇔≡™╢  

 

 

Fig. 3-9 ⱨ◊♩▪♪꜠☻ ≢ ↕╣√ GI ⱳꜞⱴכ  

(a) [11] (b) [12]  

 

ⱨ◊♩▪♪꜠☻ │Ɽ♃כfi ─ ™ ╩ ⇔≡⅔╡ ╕√ ─ ↕⅛╠ ⱳ

ꜞⱴכ ─ ╩ ∆╢ ≢ ⇔√ ≢№╢≤ ⅎ╠╣≡™╢⅜ ↓╣╕≢∕

─ │ⱴꜟ♅⸗כ♪ ╩ ⌐ ↕╣≡⅔╡ ◦fi◓ꜟ⸗כ♪ ─

╛ ⌐ ∆╢ │╒≤╪≥⌂↕╣≡™⌂™ ∕↓≢ ≢│  GI ─

╩ ─ ™ⱴ☻◒ ≢ ⌂ⱨ◊♩▪♪꜠☻ ⌐ ∆╢↓≤≤⇔√  

 

3.3. ȠɜșɔɋºȲɆɓɇº ǡ  

≈≠™≡3.2≢ ⇔√2 ╩ ™≡ ◦fi◓ꜟ⸗כ♪ⱳꜞⱴכ ─ ╩

℮↓≤≤⇔√  

 

3.3.1. ǞǻǾ  

ה ─  

⌐ ∆╢ ≤⇔≡ ⌂ │  ᵑ  ᵒ

≢─ ™  ─2≈⅜ →╠╣╢  Micro resist technology⌐╟╡ ה ↕

╣≡™╢ OrmoCoreOrmoClad( ╕≤╘≡ ORMOCERÈ ≤ ∆╢)│ ╩

√∆ ≤⇔≡ ↕╣≡™╢ Micro resist technology⌐╟╡ ↕╣≡™╢

OrmoCoreOrmoClad─ ╩Table 3-1⌐ ∆[13] 

(a) (b)©2013 IEEE  ©2016 IEEE  
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Table 3-1 OrmoCoreOrmoClad─  

 

 

ORMOCERÈ │ ≢№╢1310 nm≢ ╩ ⇔≡⅔╡[14, 15]╕√

⌂⅜╠╙ 270 oC╕≢─ ╩ ⇔≡™╢↓≤⅛╠ ⱪ꜡☿☻ ≢ ⌂│╪∞

ꜞⱨ꜡כ ╩ ∆ ORMOCERÈ ─ │ ╠⅛⌐│↕╣≡⅔╠∏ ╕√

⇔√ ≢─ ─ │ ∞⌂™╙── ⱳ☻♩◐ꜙ▪ ⅜150 oC≢

№╢↓≤╛ ─ꜞⱨ꜡כ ⅛╠ ⌐ ╣√ ≢№╢≤ ≢⅝╢ ⇔√⅜

∫≡ ORMOCERÈ │CPO ↑ⱳꜞⱴכ ≤⇔≡ ≢№╢≤™ⅎ╢

─ ╟╡ ≢│ ≢ ∆╢ⱳꜞⱴכ ≤⇔≡

ORMOCERÈ ╩ ⇔√  

 

ה ─  

 ≢◦fi◓ꜟ⸗כ♪ ╩ ╢═ↄ ─ ╩◦Ⱶꜙ꜠כ◦ꜛ

fi≢ ∆╢↓≤≤⇔√ ◦Ⱶꜙ꜠כ◦ꜛfi♁ⱨ♩│Photon Design─⸗כ♪♁ꜟⱣכ

≢№╢FIMMWAVE╩ ⇔√  

 │∂╘⌐ ◦Ⱶꜙ꜠כ◦ꜛfi⌐ ⇔√Ɽꜝⱷכ♃╩Fig. 3-10⌐ ∆   
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Fig. 3-10 ◦Ⱶꜙ꜠כ◦ꜛfi  

  

 ↓─≤⅝ ORMOCERÈ ─ 1310 nm─ ≤⇔≡[15]╩ ⇔√ ↓↓≢

◖▪ │◖▪ ≤◖▪ ⅜ ─ ╕√ ◒כ♄fi▪┘╟⅔♪♇ꜝ◒כⱣכ○

ꜝ♇♪─ │ ≤⇔√ FIMMWAVE≢Core size╩ ↕∑√≤⅝─ ⱳꜞⱴכ

◖▪⅜ ≈ ─♪כ⸗ ╩ ⇔√ ╩Fig. 3-11⌐ ∆  

 

 

Fig. 3-11 Core size≤ ─  

 

 Figure 3-11╟╡ Core size─ ≤≤╙⌐ ⅜♪כ⸗ ⇔ ⱴꜟ♅⸗כ♪ ⇔≡™

ↄ↓≤⅜ ≢⅝╢ ╕√ Fig. 3-11╟╡ Core size = 4.0 mm─ ⌐ ─ ⅜♪כ⸗

∟№⅜╢↓≤⅜ ⇔√ ∕↓≢ ≢ ∆╢◖▪◘▬☼─ ╩4.0 mm

≤⇔√  

 

 

ḯ
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ה ─  

 ⌐╟╢ⱳꜞⱴכ ─ ≤ ╩ Fig. 3-12⌐ ∆

│Micro resist technology⅜ ∆ ╩╙≤⌐ ⇔√ ⌂⅔ ◦ꜞ◖fi ≤ⱳ

ꜞⱴכ ─ ─ ─◦ꜝfi◌♇ⱪꜞfi◓ KBM-503(3-ⱷ♃◒

ꜞ꜡◐◦ⱪ꜡Ⱨꜟ♩ꜞⱷ♩◐◦◦ꜝfi)╩ ™√ ╩ ▪fi♄כ◒ꜝ♇♪ ⌐

⇔√ ╕√ ≤⇔≡ ─Ormodev─ ╦╡⌐ ⅜ ⅛≈ Ormodev

─ ≢№╢2-Propanol≤4-Methyl-2-Pentanone─1:1 ╩ ⇔√  

 

 

 

 

Fig. 3-12 ⌐╟╢ORMOCERÈ ╩ ™√ⱳꜞⱴכ ⱪ꜡☿☻ 

2. Coating of silanecoupling material

1. Plasma onthe substrate

15 mA, 300 s

1,500 rpm, 30 s

KBM -503 2. Prebake

80 , 120 s

3. Exposure without photomask

2,000 mJ/cm2

[160 s @ 12.1 mW/cm2 (23/5/30)]

i-line

4. Postbake

130 , 600 s

3. Postbake

130 , 600 s

Substrate Under cladding
1. Coating of under cladding material

3,000 rpm, 30 s

OrmoClad

substrate
cladding material

UV

substrate
cladding material

substrate substrate

Silanecoupling material

Si wafer

core material

2. Prebake

1. Coating of corematerial

X rpm, 30 s

80 , 120 s

2. Rinse

then blow-dried using nitrogen 

3. Exposurewith photomask

Core Developing
1. Developing

30 s (shake) × 3

2-Propanol 50 % + 4-Methyl -2-pentanone 50 %OrmoCore

600 mJ/cm2

[50 s @ 12.1 mW/cm2 (23/5/30)]

i-line

4. Postbake

130 , 600 s 30 s (shake) × 3

2-Propanol

core material

photomask

UV

2. Prebake

1. Coating of claddingmaterial

3,000 rpm, 30 s

80 , 120 s

3. Exposurewithout photomask

Upper cladding

OrmoClad

2,000 mJ/cm2

[160 s @ 12.1 mW/cm2 (23/5/30)]

i-line

4. Postbake

130 , 600 s

(ԇ 15 mm)

cladding material

UV

cladding material

5. Hardbake

150 , 3 hr.
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 Figure 3-12⌐ ⇔√ⱪ꜡☿☻─℮∟ │ⱴ☻◒Ɽ♃כfi╩◖▪⌐ ∆╢ⱪ꜡☿☻

≢№╡ ↄ ∆╢↓≤⅜ ╘╠╣╢ UV ⌐│ ─ ™ ╩ ⇔≡™

╢⅜ ╩ ∆╢√╘⌐│ⱨ◊♩ⱴ☻◒≤ ╩ ⌐ ↕∑╢(◖fi♃◒

♩ ) ⅜№╢ ⇔⅛⇔⌂⅜╠ ≢│ ─◖▪/◒ꜝ♇♪ │

─ ≢№╡ ⱨ◊♩ⱴ☻◒≤ ↕∑╢≤ ╖ ⅜ ≤⌂╢ ∕↓≢ ≢│Fig. 

3-13⌐ ∆╟℮⌐ ☻Ɑכ◘╩ ™≡ⱨ◊♩ⱴ☻◒≤ ⌐ ⌂ ╩ ∆╢

↓≤≤⇔√ ↓─ ╩ⱪ꜡◐◦Ⱶ♥▫ ≤™℮ ⱪ꜡◐◦Ⱶ♥▫ ≢│ ⱨ◊♩

ⱴ☻◒╩ ⇔√ ⅜ ⌐ ∆╢╕≢⌐ ⌐╟╢ ⅜╡⅜ ∂ ⅜

∆╢ ⱨ◊♩ⱴ☻◒≤ ─◑ꜗ♇ⱪ⅜ ⅝™≤ ⅜ ⌐⌂∞╠

⅛⌐⌂╢ ⇔√⅜∫≡ ◦fi◓ꜟ⸗כ♪─╟℮⌂ ─╖╩ⱴ☻◒⇔≡™╢ⱨ◊♩ⱴ☻

◒≢│ ─ ⌐ ⌂ ⅜ ╠╣∏ ◖▪⅜ ↕╣⌂™ ⅜№╢  

 

 

Fig. 3-13 ⱪ꜡◐◦Ⱶ♥▫ ─☿♇♩▪♇ⱪ 

 

│∂╘⌐ ⌐╟╢◖▪ ╩ ∆═ↄ 5,000 rpm≢◖▪╩☻Ⱨfi◖כ♩⇔

╩♪♇ꜝ◒כⱣכ○ ∆╢ ⌐Ɫכ♪ⱬכ◒⇔√ ╩Fig. 3-14

⌐ ∆  

 

core material
photomask

Spacer

(Polyimide tape)

There is about 20-mm air gap

between the photomask and the core

55 mm

(film thickness)

under cladding

Photomask

Waveguide

on silicon wafer
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Fig. 3-14 ◖▪ ─  

 

Figure 3-14╟╡ ◖▪⅜ ≢ ↕╣≡⅔╡ ≢№╢Ormodev─

╩ ⇔√ ≢№∫≡╙ Ɽ♃כfi⅜ ≢⅝≡™╢↓≤╩ ⇔√ ≈≠™≡ ◖

▪ ╖ ⇔─ ◖▪ ─☻Ⱨfi◖כ♩ ╩ ⇔ 4 ─◖▪ ╖

╩ ∆╢ⱳꜞⱴכ ╩ ⇔√ ─☻Ⱨfi◖כ♩ ≤ ↕╣√ⱳꜞ

ⱴכ ⌐╟╢ ◖▪ ╖─ (N = 4)╩Fig. 3-15⌐╕≤

╘√  

 

 

Fig. 3-15 ☻Ⱨfi◖כ♩ ≤ ↕╣√ⱳꜞⱴכ ◖▪─ ↕  

 

 Figure 3-15╟╡ ≤◖▪ ╖⌐│ ⅜№╢↓≤⅜ ≢⅝╢ ⌐Fig. 

3-14≢ ⇔√ 5,000 rpm─◖▪ ╖ ╩ ⅎ ≤◖▪ ╖─ ╩

Fig. 3-16⌐╕≤╘√  

 

10 mm

Substrate

Core

Under cladding

Cross-sectional viewRotation

spped

[rpm.]

Measured

core height

[mm]

4000

15.1

13.4

14.8

14.5

6000

6.60

7.41

7.85

7.93

7000

6.91

6.22

6.25

6.80

8000

4.13

4.34

5.23

4.70

N/A

50 mm

50 mm

50 mm
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Fig. 3-16 ☻Ⱨfi◖כ♩ ≤◖▪ ╖─  

 

─ Micro resist technology─♦כ♃╩ Fig. 3-16⌐◌♃꜡◓ ≤⇔≡ ⇔

≡™╢ Fig. 3-16╟╡ ORMOCERÈ │ ⌐╟╢ ─ ≢ ⱪ꜡☿☻

≢│ ●☻ ⱪ꜡☿☻≢ ⇔√ ╖≤ ═ ∆╢ ⅜ ╠╣≡™╢

≢ ⇔√ ─◖▪ ╖│ ⱪ꜡☿☻─ ♃כ♦ ≤ ⇔≡™

╢ ↓╣│ ≢─ ⅜ ─ ╡ⱪ꜡◐◦Ⱶ♥▫ ≢№╡ ⱴ☻◒≤◖▪

⌐ ⅜ ∆╢ ≢№╢ ╟╡ ─◖▪ ╖│☻Ⱨfi◖כ♩ ─

⌐╟∫≡ ≢⅝ ╕√ Micro resist technology─ ≥♃כ♦ ⇔≡™╢↓≤

⅜ ≢⅝√  

 ⇔⅛⇔⌂⅜╠ Fig. 3-15╟╡ 8,000 rpm≢№∫≡╙ 4.35 mm≢№╡

3.2≢ ⇔√ ◖▪◘▬☼ 4.0 mm╩ ∫≡™╢ ☻Ⱨfi◖כ♩⌐ ⇔√

─ │8,000 rpm≢№╢√╘ ↓╣ ─ │ ≢№╡ ≢│◦

fi◓ꜟ⸗כ♪ ╩ ≢⅝⌂™↓≤⅜ ⇔√  

 ∕↓≢ ORMOCERÈ ╩ ⇔≡◦fi◓ꜟ⸗כ♪ ╩ ∆╢√╘─ ╩╕

≤╘⌂⅔⇔√  

 

ה ─  

Figure 3-10─Ɽꜝⱷכ♃≢ ⇔√ⱳꜞⱴכ ≢│ ◖▪/◒ꜝ♇♪≤╙⌐Ⱨꜙ▪

⌂OrmoCore⅔╟┘OrmoClad╩ ⇔≡™√√╘ D⅜1.0%≤◦fi◓ꜟ⸗כ♪

≤⇔≡│ ⅝™ ∕─√╘ ─◦fi◓ꜟ⸗כ♪ ─√╘⌐│◖▪◘▬☼
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╩4.0 mm ≤ ↕ↄ∆╢ ⅜№∫√ D⅜ ⅝™ ◖▪ ┼─ ─ ∂

╘ ⅜ ↄ⌂╡ → ─ ⅜ ≢⅝╢ ≢ D⅜ ↕™

◦fi◓ꜟ⸗כ♪ ⅜ ↕╣ ⅝™◖▪◘▬☼≢№∫≡╙◦fi◓ꜟ⸗כ♪

╩ ≤∆╢ ↓─ D│ ∆╢ ꜞfi◒⌐╟∫≡ ⅜ ⌂

∆╢ ⅜№╢⅜ ≢│ ─ ◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ≢№╢G.652

ⱨ□▬Ᵽ╩⸗♦ꜟ≤⇔ D╙◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ≤ ─ 0.4%╩

≤∆╢↓≤≤⇔√  

 №╠√╘≡◒ꜝ♇♪─ ╩ ⇔ D = 0.4%≤⇔√≤⅝─Ɽꜝⱷכ♃╩

Fig. 3-17⌐ ≤◖▪◘▬☼─ ╩ ⇔√ ╩Fig. 3-18⌐ ∆  

 

 

Fig. 3-17 ─◦Ⱶꜙ꜠כ◦ꜛfi  

 

 

Fig. 3-18 SIⱳꜞⱴכ ◖▪⅜ ∆  

 

 Figure 3-18╟╡ D = 0.4%─≤⅝ ⱳꜞⱴכ ─◦fi◓ꜟ⸗כ♪ ≤

⌂╢◖▪◘▬☼│6.5 mm≢№╡ Fig. 3-11≢ ⇔√ D = 1%─ ≤ ⇔≡

◦fi◓ꜟ⸗כ♪ ∆╢◖▪◘▬☼─ ⅜ ⇔√↓≤⅜╦⅛∫√ ↓╣│ 2 ≢∆

≢⌐ ═√ ╡ D⅜ ↕ↄ⌂╢↓≤≢VⱤꜝⱷכ♃⌐ ╩ ╓⇔√√╘≢№╢ ╟

╡ ╩ ↕∑╢↓≤≢◦fi◓ꜟ⸗כ♪ⱳꜞⱴכ ╩ ∆╢√╘─

⅜ ⅝ↄ ↕╣╢↓≤⅜ ⇔√ ∕↓≢ ╩ ↕∑╢√╘─ ⌐≈™
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≡ ∆╢  

Figure 3-17≢│ D = 0.4%─√╘⌐ ⌐◒ꜝ♇♪─ ╩ →√⅜

─ ⌐│ ─3 ⅜№╢  

ᵑ◖▪─ ╩ →╢ 

ᵒ◒ꜝ♇♪─ ╩ →╢ 

ᵓ◖▪≤◒ꜝ♇♪─ ╩ ∆╢ 

3 ─ ᵑ ᵓ│◖▪─ ╩ ↕∑╢ ⅜№╡ ◖▪╩ ∆╢ ⅜

⌐⌂╢↓≤╩ ⇔≡™╢ ╩ ∆╢ ─℮∟ ◖▪ ╩ ∆╢

⅜ ╘╢ │ ⅝ↄ ◖▪ ─ ⅜ ≢№╢≤ ⅎ╢↓≤⅜≢⅝╢

∕↓≢ Ormocer ╙ ─ ≢№╢≤ ↕╣╢╙── ↕╠⌂╢

ꜞ☻◒╩ ⇔≡ │ᵒ─ ╩ ⇔ ◖▪ │Ⱨꜙ▪⌂OrmoCore╩ ∆

╢↓≤≤⇔√  

↓↓≢ Micro resist technology⅜ ⇔≡™╢ OrmoCore≤OrmoClad ≤

─ ╩Fig. 3-19⌐ ∆  

 

 

Fig. 3-19 OrmoCore≤OrmoClad ≤ ─ [13] 

 

Figure 3-19╟╡ OrmoCore≤OrmoClad─ ≤ │ ─ ≢№╡

─ ╩ ╢√╘─ │ ⌐╟∫≡⅔⅔╗⌡ ≢⅝╢↓≤⅜╦⅛∫√ ◖▪

╩OrmoCore(n1310 nm : 1.540)≤⇔√≤⅝ D = 0.4%≤∆╢√╘─◒ꜝ♇♪─

│ n1310 nm : 1.534≢№╡ ∕─ ╩ ╢√╘─ │ Fig. 3-19╟╡ OrmoCore : 

OrmoClad = 5 : 3 ≤ ⇔√ ∕↓≢ OrmoCore≤OrmoClad╩ 5 : 3≢ⱴ◓Ⱡ♥▫

╩כꜝכ♃☻◒♇ ⇔≡ ⇔√  
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Fig. 3-20 OrmoCore≤OrmoClad─  

(a)─  (b) ─  

 

 Figure 3-20(b)╟╡ OrmoCore≤ OrmoClad─ ⅜ ╠╣∏ ≢№∫≡

╙∕─ ⅜ ↕╣≡™╢↓≤⅛╠ ⅜ ⌐ ↕╣≡™╢↓≤╩ ⇔√

─ ╩ OrmoMix≤ ∆╢  

≈≠™≡ ⅜ ─ ≤⌂∫≡™╢⅛╩ ∆═ↄ ─ ╩ ℮↓≤

≤⇔√ ≤⇔≡ Metricon─ⱪꜞ☼ⱶ◌ⱪꜝ( Metricon Model 

2010/M Prism Coupler)╩ ™√ ⱪꜞ☼ⱶ◌ⱪꜝ⌐╟╢ ─ ╩Fig. 3-21╩ ™

≡ ∆╢[16]Fig. 3-21⌐≡ TE⅔╟┘ TM│ ◙כ꜠╢∆ ─ np│ⱪꜞ

☼ⱶ─ n│ ◘fiⱪꜟ─ q│ ◘fiⱪꜟ┼─ ╩ ∆ ⱪꜞ☼ⱶ

◌ⱪꜝ≢│ ⌐☿♇♩⇔√ⱨ▫ꜟⱶ╛Ᵽꜟ◒┼─ q╩☻♥כ☺╩ ↕∑

╢↓≤≢ ↕∑ ♦▫♥◒♃≢─ⱪꜞ☼ⱶ⅛╠─ ╩⸗♬♃ꜞfi◓∆╢↓≤≢ ◘

fiⱪꜟ≤ⱪꜞ☼ⱶ ≢─ ⅛╠◘fiⱪꜟ─ ╩ ⌐ ╘╢↓≤⅜≢⅝╢   

 

 

Fig. 3-21 ⱪꜞ☼ⱶ◌ⱪꜝ─  

 

╕√ ⱪꜞ☼ⱶ◌ⱪꜝ≢│ 3─◙כ꜠╢™≡⇔ 404 nm, 632.8 nm, 831.5 nm

─ ╩ ≢⅝╢⅜ ⱪꜞ☼ⱶ◌ⱪꜝ ─♁ⱨ♩►▼▪⌐≡ ╠╣√3 ⌐⅔↑╢

⅛╠ ─כ◦כ◖ ╩ ™≡ ─ ⌐⅔↑╢ ╩ ∆╢↓≤⅜≢⅝

╢ ─כ◦כ◖ │ ─ ╩ ∆☿ꜟⱴ▬ꜘכ─ ─ ≤⇔≡

ⅎ╠╣ (3-1)≢ ↕╣╢ ⌂⅔ ─A B C│ ⌐ ╠╣╢ ≢№╢  

 

n(l) = A + B/l2 + C/l4 

(a) (b)

q

np

n

TM

ʾ
TE

(3-1) 
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 ≢│ 1310 nmꜞfi◒┼─ⱳꜞⱴכ ─ ╩ ⇔≡™╢√╘

⌂ 3 ⌐ ⅎ ─כ◦כ◖ ⅛╠ ↕╣√ 1310 nm⌐⅔↑╢ ╩ ╘╢

↓≤≤⇔√  

⌂⅔ ⱪꜞ☼ⱶ◌ⱪꜝ≢│◘fiⱪꜟ ─ ╩ ∆╢⅜ ⌐ ™╢ⱳꜞⱴכ

│◖▪⅜◒ꜝ♇♪⌐ ↕╣≡⅔╡ ◖▪─ ╩ ∆╢↓≤⅜≢⅝⌂™ ∕↓

≢ ⌐ ◖▪⌂╠┘⌐◒ꜝ♇♪─╖╩◦ꜞ◖fi►◄Ɫ ⌐ ⇔√◘fiⱪꜟ╩

⇔ ╩ ∆╢↓≤≤⇔√  

⌂╢◦ꜞ◖fi ⌐ OrmoCoreOrmoCladOrmoMix╩∕╣∙╣ ⇔ 5,000 rpm

─ ≢☻Ⱨfi◖כ♩⇔√ ∕─ ≤ ─ ⅔╟┘◐ꜙ▪

╩ ⇔≡ ◘fiⱪꜟ╩ √ √∞⇔ ⱪ꜡☿☻│ ⇔≡™╢

⇔√◘fiⱪꜟ─ ╩Fig. 3-22⌐ ∆  

 

 

Fig. 3-22 ◘fiⱪꜟ  

 

Figure 3-22⌐ ⇔√ ◘fiⱪꜟ╩ ™≡ ⇔√ ⌐⅔↑╢ ─ ה

╩Table 3-2⌐ ∆ ↓─≤⅝ ─◘fiⱪꜟ │30 oC( )≢№∫√   

 

Table 3-2 OrmoCoreOrmoCladOrmoMix─ ≢─ ⅔╟┘  

 

 

 Table 3-2╟╡ 633 nm⌐⅔↑╢OrmoCore≤OrmoClad─TE─ │∕╣∙╣1.552

1.535≢№╢↓≤⅜╦⅛╢ Fig. 3-19╟╡ ◌♃꜡◓ │635 nm≢OrmoCoreOrmoClad∕

╣∙╣ 1.5541.538≢№╡ ⅔⅔╗⌡ ⇔≡™╢↓≤⅜ ≢⅝√ ╕√ OrmoMix─

633 nm⌐⅔↑╢ │1.545≤ OrmoCore≤OrmoClad─ ─ ╩ ∫≡™╢↓≤⅜╦

⅛╢ ↓↓≢ OrmoMix│OrmoCore≤OrmoClad─ ≢№╡ ⌐ ⇔≡ ⅜

OrmoCore
OrmoMix

OrmoClad

Material

wavelength(nm) TE TM TE TM TE TM

404 1.582 1.583 1.564 1.565 1.576 1.576

632.8 1.552 1.551 1.535 1.535 1.545 1.545

831.5 1.543 1.543 1.527 1.527 1.537 1.537

Culculated value 1310 1.536 1.537 1.520 1.521 1.531 1.532

Refractive index
OrmoCore OrmoClad OrmoMix

Measured value
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∂⌂™≤∆╢≤ OrmoMix─ nOrmoMix│ ⅛╠ OrmoCore─ nOrmoCore

OrmoClad─ nOrmoClad╩ ™≡ (3-2)⅛╠ ∆╢↓≤⅜≢⅝╢  

 

nOrmoMix = ὲ  + ὲ  

 

(3-2)╟╡ 633 nm⌐⅔↑╢OrmoMix─ │1.545≤ ↕╣ Table 3-2⌐ ⇔√

≤ ⇔≡™╢↓≤⅜ ⇔√ ⇔√⅜∫≡ ─ ╩ ╢√╘⌐│ (3-2)

╟╡ ╘╠╣╢ OrmoCore≤ OrmoClad─ ≢ ∆╢∞↑≢╟™↓≤⅜╦⅛╢ ╕√

OrmoCore≤OrmoMix─ │Table 3-2≢ ╠╣√ ╩ ™╢≤ D = 0.4%≢

№∫√ ╟╡ D = 0.4%╩ⱳꜞⱴכ ≢ ∆╢√╘─◒ꜝ♇♪≤⇔

≡ OrmoCore≤OrmoClad─ ≢№╢OrmoMix╩ ∆╢ ⅜ ∫√  

 

─▪◖ה  

OrmoCore╩ ≢ ∆╢≤ ─ 8,000 rpm≢☻Ⱨfi◖כ♩⇔√ ≢№∫

≡╙ 4 mm╩ ∫≡™√↓≤⅛╠ ↓↓≢│ OrmoCore⌐ ╩ ⅎ╢↓≤≢ RC(Resin 

Contents)╩ ⇔ ╩ ℮↓≤≤⇔√ Micro resist technology─PGMEA(ⱪ꜡

Ⱨ꜠fi◓ꜞ◖כꜟⱷ♅ꜟ◄כ♃☿▪ꜟ♥כ♩)╩ RC ≤⇔≡ ⇔ ≢

OrmoCore : PGEMA = 10 : 1≤⌂╢╟℮⌐ ⱴ◓Ⱡ♥▫♇◒☻♃כꜝכ╩ ⇔≡ ⇔√

RC ─◖▪ ╩ ⇔≡ ☻Ⱨfi◖כ♩⇔√ ─ ╖ ╩ ◖▪⌐ ⇔≡™⌂

™OrmoCore╩ ™√ ─ ≤ ⇔≡ Fig. 3-22⌐ ∆  

 

 

Fig. 3-22 ☻Ⱨfi◖כ♩ ─ ≤◖▪ ╖─  

 

 Figure 3-22╟╡ PGMEA─ ⌐╟╡ RC⅜ ⇔ ⇔≡™⌂™ ⌂ OrmoCore

≤ ⇔≡ ∂ ≢╟╡ ≢⅝╢ ⅜ ≢⅝√  

2≈─◦fi◓ꜟ⸗כ♪ ╩ ⇔ ╘≡◦fi◓ꜟ⸗כ♪ ∆╢ⱳꜞⱴכ
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─ ╩ ∆ ⌐│ Fig. 3-12≢ ⇔√ ⱪ꜡☿☻─ ◒ꜝ♇♪

╩OrmoMix⌐ ◖▪ ≤⇔≡OrmoCore╩PGMEA≢ ⇔√ (OrmoCore : PGMEA 

= 10 : 1)⌐ ⇔√ ╩ ™≡ ⇔√ⱳꜞⱴכ ◖▪─ ╩Fig. 

3-23⌐ ∆ Fig. 3-23⌐│ⱴ☻◒ ⌐ ≤ ≢ ⇔√◖▪ ⌂

╠┘⌐◖▪ ↕╩ ⇔√ ⌂⅔ ⱨ◊♩ⱴ☻◒ 4 mm ≤™∫√ⱨ◊♩ⱴ☻◒

─ ™ ≢│ ─ ─ ⌂ ⅜ ╠╣∏ ◖▪⅜ ↕╣⌂⅛∫√

╕√ ⅜ ↕╣√◖▪≢│ ⌐ ⅜≈™≡™╢↓≤⅜╦⅛╢ ↓╣│ ⱨ◊♩

ⱴ☻◒Ɽ♃כfi ─ │ ⌐╟╡ ⅜ ⇔ ∕─ ─ ⅝⌐ ∫≡

⸗ⱡⱴכ─ ⅜ ╪∞√╘≤ ⅎ╠╣╢ ↓─ │ ╩ ™≡ ⇔√

10o≢№╢↓≤⅜ ⇔√ ↓─ ⅜ⱳꜞⱴכ ◖▪─ ⌐ ⅎ╢

│ ∆╢  

 

 

Fig. 3-23 ╩ ™≡ ⇔√◖▪─ ≤◖▪◘▬☼  

 

Measured results

Core width (mm) Core height (mm)Mask width (mm)
Cross sectional view

7.6 5.1

7.1 5.3

6.0 5.1

4.8 4.6

100

12

11

10

9

(alignment)

4.1 5.2

3.3 4.8

5.2

4.2

8

7

6

5

2.9

1.3
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 Figure 3-23╟╡ ⇔√ⱨ◊♩ⱴ☻◒ ─ ™⌐╟∫≡ ⌂╢◖▪ ╩ ∆╢ⱳ

ꜞⱴכ ⅜ ≢⅝√↓≤⅜ ≢⅝╢ ╕√ ⌂╢◖▪ ╩ ≈ ∏⇔╙ⱨ◊♩

ⱴ☻◒ ≤◖▪ ⅜ ⇔≡⅔╠∏ ─◖▪ ⅜ⱨ◊♩ⱴ☻◒ ⌐ ⇔≡3

4 mm ↄ⌂∫≡™╢↓≤⅜╦⅛╢ ↓╣│ⱪ꜡◐◦Ⱶ♥▫ ─ ⌐╟╡ ⱴ☻◒

⌐ ⅜ ⇔ ◖▪ ⌐ ⇔√ ─ ─ ⌐╟∫≡ ⱴ☻◒ ╙

↕╣≡⇔╕∫√√╘≤ ⅎ╠╣╢  

 ≈≠™≡ ⇔√ⱳꜞⱴכ ♪כ⸗─ ╩ ∆═ↄ ⅛╠─

(Near Field Pattern : NFP)╩ ⇔√ ╩Fig. 3-24⌐ ∆  

 

 

Fig. 3-24 NFP ─  

 

Figure 3-24⌐ ⇔√╟℮⌐ 1310 nm⅛╠─ ╩ ⱪ꜡כⱩ≢№╢ SMF

╩ ⇔ ⇔√ⱳꜞⱴכ ─◖▪⌐ ◖▪╩ ⇔≡ ⅛╠ ↕

╣√ ☼ⱪ♩◦☻♥ⱶ○כ☺♫◦╩ ─ ⱦכⱶ NFP ⌐╟∫≡

⇔√ ⌂╢ ╩ ∆╢ⱳꜞⱴכ ◖▪⅛╠─ NFP╩ ⇔√ ╩

─ⱴ☻◒ ≤≤╙⌐Fig. 3-25⌐ ∆  

 

 

Fig. 3-25 ≢ ⇔√ⱳꜞⱴכ ─ NFP 

 

 ↓↓≢ ⱳꜞⱴכ ─ ♪כ⸗ ─ ≤⇔≡ ─ ╩ ∫√  

ᵑ ⱨ□▬Ᵽ ╩ ™ ⅜ ≤⌂╢╟℮⌐Ⱨכ◒ ╩ ℮ 

ᵒ ⌐○ⱨ☿♇♩╩ ⅎ╢↓≤≢ⱳꜞⱴכ ◖▪⌐ ⇔≡ ♪כ⸗ ↕

∑╢  

ᵓ[◦fi◓ꜟ⸗כ♪─ ] ⌐⅛⅛╦╠∏ ⅛⇔♪כ⸗ ⇔⌂™√╘ TE11

TM11─ⱪ꜡ⱨ□▬ꜟ─╖⅜ ⌐ ↕╣╢ ( │ ∆╢) 

 [ⱴꜟ♅⸗כ♪(ⱨꜙכ⸗כ♪)─ ♪כ⸗ [ ⅜♪כ⸗ ↕╣ ◖▪ ⌐

─ Ⱨכ◒⅜ ↕╣╢ (Fig. 3-26 (b)) 

Laser

1310 nm

Waveguide

SMF

NFP camera
30 mm

5 6 7 8 9 10 11 12

Mask aperture (mm)
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Fig. 3-26 ─ ≤∕─NFP 

(a)  (b)NFP [17] 

 

 ─ ╩ ™≡ ⇔√ⱳꜞⱴכ ─ ╩♪כ⸗ ⇔√≤↓╤ Fig. 

3-25⌐ ⇔√∆═≡─◖▪≢◦fi◓ꜟ⸗כ♪≢№╢↓≤╩ ⇔√ ≢ Fig. 3-25≢│

─◖▪ ⌐╟∫≡ ↕╣╢ ⅜ ⅝ↄ ⌂∫≡™╢↓≤⅜╦⅛╢ ∕

↓≢ Fig. 3-25≢ ╠╣√NFP╩ ⇔ ◖▪ ( )─MFD╩ ∆╢↓≤≢

ⱳꜞⱴכ ─ ─◖▪ ≤ MFD─ ╩Fig. 3-27⌐╕≤╘√  

 

 

Fig. 3-27 ⱳꜞⱴכ ─◖▪ ≤ ─MFD≤─  

 

Figure 3-27╟╡ ◖▪ 3 mm ≢│ ◖▪ ─ ≤≤╙⌐MFD╙ ∆╢ ⅜

≢⅝╢ ≢ ◖▪ 1 mm ≢│◖▪ ⅜ ∆╢↓≤≢ ⌐MFD⅜ ⇔≡

™╢ ↓╣│◖▪ ─ ⌐ ™ ╩ ─◖▪ ⌐≤≥╘≡⅔ↄ↓≤⅜≢

⅝∏ ◄ⱣⱠ♇☿fi♩ ⅜ ⇔ ◒ꜝ♇♪ ⌐╕≢ ╖ ⇔≡⇔╕℮√╘≢№╢  

╩ ⅛╘╢═ↄ ◦Ⱶꜙ꜠כ◦ꜛfi ╩ Fig. 3-28─╟℮⌐ ⇔

╩ ∫√ ↓↓≢ │Table 3-2≢ ⇔√ ╩ ⇔ ◖▪ ╖⌐│Fig. 3-23

≢ ⇔√ ◖▪─ ╖─ ≢№╢4.9 mm╩ ⇔√ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ╠╣√

╩Fig. 3-29⌐ ∆ ⌂⅔ ─ Fig. 3-27─ ╩Fig. 3-29⌐№╦∑≡ ∆  
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Fig. 3-28 ╩ ⇔√◦Ⱶꜙ꜠כ◦ꜛfi  

 

 

Fig. 3-29 ⱳꜞⱴכ ─◖▪ ≤ ─MFD≤─  

 

Figure 3-29╟╡ ≤◦Ⱶꜙ꜠כ◦ꜛfi │⅔⅔╗⌡ ⇔≡™╢↓≤⅜

≢⅝√ ≢ Fig. 3-29─ │ Fig. 3-28≢ ∆╟℮⌐ ≤⇔≡ ─◖

▪ ╩ ≤⇔√ ⌐ ╠╣√ ≢№╢ ⇔⅛⇔⌂⅜╠ ─ ◖▪

│ Fig. 3-23─╟℮⌐ ⌐⌂∫≡™╢ ⇔√⅜∫≡ Fig. 3-29│ⱳꜞⱴכ ◖

▪ ─ ≢ ≤◦Ⱶꜙ꜠כ◦ꜛfi─ ⌂ ≤⌂∫≡™⌂™ ∕↓≢ ─ⱳꜞ

ⱴכ ◖▪ ╩ ⇔√◦Ⱶꜙ꜠כ◦ꜛfi╩ ℮↓≤≤⇔√ ╟

╡ ⇔√ⱳꜞⱴכ ◖▪─ ╩ ⇔√≤↓╤ 10o≢№∫√√╘

╘≡◦Ⱶꜙ꜠כ◦ꜛfi ╩Fig. 3-30─╟℮⌐ ⇔√ ↓↓≢ Fig. 3-30≢ ⇔√

◖▪─ │Fig. 3-28─ ◖▪≤ ∂ ≤⌂╢╟℮⌐ ⇔√  

 

 

Fig. 3-30 ◖▪╩ ⇔√◦Ⱶꜙ꜠כ◦ꜛfi  
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─╙≤ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ™ ◖▪ ≤ ─MFD╩ ⇔√ ╩

Table 3-3⌐ ∆  

 

Table 3-3 ◖▪ ─ ™⌐╟╢ⱳꜞⱴכ MFD─  

 

Table 3-3╟╡ ◖▪ 1 mm─ ╩ ⅝ ◖▪ ─ ™⌐╟╢MFD─ │╒≤╪≥

∂⌂™↓≤⅜ ⇔√ ↓─ │ ⱳꜞⱴכ ◖▪⅛╠ ↕╣╢MFD─◖▪

│ ↕ↄ ◖▪ ┼─ ⅜ ⅝™↓≤╩ ⇔≡™╢ ⱳꜞⱴ

כ ◖▪ ⅜1 mm≢│ ◖▪⅜ ◖▪≤ ⇔≡ ⅝⌂MFD╩ ⇔≡™

╢ ─√╘ ◖▪ 1 mm─ ◖▪⅛╠ ↕╣╢ ─ ╩Fig. 3-31

⌐ ∆ ↓─ ◖▪─ │0.14 mm≤ ╘≡ ↕ↄ ≤⇔≡◄ⱣⱠ♇☿fi♩ ─

◖▪ ┼─ ╖ ⇔⅜ ⅝ↄ⌂∫≡™╢ ⅜ ≢⅝╢ ↓─◄ⱣⱠ♇☿fi♩ ─

╖ ⇔│◖▪ ╛D─ ⌐╟╢ ╩ ↄ ↑╢√╘ Table 3-3─╟℮⌂ ◖▪

≢─◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ◖▪ ≢─ ⅜ ∂√╙─≤ ⅎ╠╣╢  

 

 

Fig. 3-31 core width = 1 mm─ ◖▪⅛╠─  

 

─ ╟╡ ≢ ⇔√ⱳꜞⱴכ ⅜◦fi◓ꜟ⸗כ♪ ∆╢↓

≤╩ ⌐ ⇔ ─ ≢SI ◖▪╩ ∆╢ⱳꜞⱴכ ≤⇔≡ ∆╢

↓≤≤⇔√  

 

3.3.2. ȾȒȱȋȲɕȢ ǞǻǾ  

ה ─  

 ⱨ◊♩▪♪꜠☻ │ ⱬכ◒ꜝ▬♩ ─ⱡꜟⱲꜟⱠfi ╩ⱬכ☻≤⇔√

≢№╢[18]⇔√⅜∫≡ ⌐⅔™≡╙ ⱬכ◒ꜝ▬♩ ─ⱡꜟⱲꜟⱠfi

╩ ∆╢↓≤≤⇔√ ⌂⅔ ⌂ │ ↕╣≡™⌂™  

core width (mm) 1 3 5 7 9

rectangule 24.05 7.303 7.362 8.376 9.692

trapezium (10° tilt) 33.50 7.309 7.371 8.399 9.695

(mm)

5 mm

Ѐϯ
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 ≢◖▪ ⌐ ™╢ⱡꜟⱲꜟⱠfi (◖▪)≤ ◒ꜝ♇♪ ⌐ ™╢ⱡꜟⱲꜟⱠfi

(◒ꜝ♇♪)─ ╩ 3.3.1.≤ ⌐ⱪꜞ☼ⱶ◌ⱪꜝ ≢ ⇔√ ╩ Table 3-4⌐

∆ Table 3-4╟╡ 1310 nm≢─D╩ ⇔√≤↓╤ D = 0.6%≤ ↕╣√  

 

Table 3-4 ◖▪ה◒ꜝ♇♪ ─ ≢─ ⅔╟┘  

 

 

ה ─  

 ╕∏│ⱨ◊♩▪♪꜠☻ ≢ ╩ ∆╢ ≢─ ╩ ∆╢ Fig. 3-32─Ɽꜝ

ⱷכ♃╩ ™ GI ⱳꜞⱴכ ─ ╩◦Ⱶꜙ꜠כ◦ꜛfi≢ ⇔√

╩Fig. 3-33⌐ ∆ ⌂⅔ GI ─ │Fig. 3-32⌐ ⇔√ ╩ ™√  

 

 

Fig. 3-32 GI ⱳꜞⱴכ ─◦Ⱶꜙ꜠כ◦ꜛfi  

 

 

Fig. 3-33 GI ⱳꜞⱴכ ◖▪⅜ ∆  

Material

wavelength(nm) TE TM TE TM

404 1.512 1.510 1.503 1.500

632.8 1.488 1.487 1.481 1.481

831.5 1.484 1.482 1.476 1.474

Culculated value 1310 1.481 1.479 1.472 1.468
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⌂⅔ ─ ⌐Fig. 3-33⌐ ∂ ╩ ∆╢SI ◖▪⅜ ∆ ╙ ⌐

⇔≡ ⇔≡™╢ Fig. 3-33⌐≡ GI ≤SI ◖▪─ ─ ─♪כ⸗ ∟ ⅜

╡╩ ∆╢≤ GI ◖▪─ ⅜╟╡ ⅝⌂◖▪◘▬☼≢ ∟ ⅜∫≡™╢↓≤⅜╦

⅛╢ ≈╕╡ GI ◖▪│SI ≤ ⇔≡ ╟╡ ⅝⌂◖▪◘▬☼≢№∫≡╙◦fi◓

╩♪כ⸗ꜟ ⇔≡™╢≤™ⅎ╢ ↓╣│GI ◖▪ ─ ─ ⌐╟╡ ◖▪⅜

∆ ⅜SI ≤ ⇔≡ ↕ↄ⌂╡ (2-2)≢ ⇔√VⱤꜝⱷכ♃─ ⌂

⅜◖▪ ncore⅛╠ ↕╣╢ ╟╡╙ ↕ↄ⌂╢√╘≢№╢[19]  

╕√ Fig. 3-33╟╡ GI ─◦fi◓ꜟ⸗כ♪ ╩ √∆√╘⌐│ ◖▪

◘▬☼⅜6.1 mm ≢№╢ ⅜№╢↓≤⅜╦⅛╢ ∕↓≢ ⱨ◊♩▪♪꜠☻ ≢ⱳꜞⱴ

כ ╩ ∆╢⌐№√╡ ◖▪◘▬☼─ ╩6.1 mm ≤⇔√  

 

ה ─  

ⱨ◊♩▪♪꜠☻ ⌐╟╢◦fi◓ꜟ⸗כ♪ⱳꜞⱴכ ╩Fig. 3-34⌐ ∆  

 

 

Fig. 3-34 ⱨ◊♩▪♪꜠☻ ⌐╟╢ⱳꜞⱴכ ⱪ꜡☿☻ 

 

◖▪ ─☻Ⱨfi◖כ♩─ ╩ ⅎ╢↓≤≢ ╖ ─ ⌂╢ⱳꜞⱴכ

(a)(b)╩ ⇔√ ╕√ ⱴ☻◒ ⌐ ─ⱴ☻◒ ╩ ∆╢↓≤≢

≈─ⱳꜞⱴכ ⌐ ─◖▪ ╩ ⇔√ ⌐ⱨ◊♩▪♪꜠☻ ≢

Substrate

UV

Photo sensitive dry film (core layer)

üHeat & remove substrate 

üLaminate cladding layers

Step 3

&

[ ]

Step 4

Photo-mask

Cladding layer

Core region 

Substrate

Step 1

&

( )

Step 2

Step 5

core layer
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⇔√◦fi◓ꜟ⸗כ♪ⱳꜞⱴכ (a)(b)─ ╩ Fig. 3-35Fig. 3-36⌐∕╣∙

╣ ∆ Fig. 3-35⌐│ ⅛╠ ⇔√ⱳꜞⱴכ ─◖▪ ╙ ∑≡ ⇔≡™

╢  

 

Fig. 3-35 ⱨ◊♩▪♪꜠☻ ≢ ⇔√ⱳꜞⱴכ (a)─  

 

Fig. 3-36 ⱨ◊♩▪♪꜠☻ ≢ ⇔√ⱳꜞⱴכ (b)─  

 

Figure 3-35⌐ ⇔√◖▪ ╟╡ ◖▪ ⌐ ⅜fiꜛ◦כ♦ꜝ◓─ ≢⅝

╢ ↓─ │ ─ ╩ ⇔≡™╢ ≢ ╖ ⌐│ ⅜

∑∏ ⅜ ≢№╢↓≤⅜ ↕╣╢ ↓╣│ⱨ◊♩▪♪꜠☻ ─ ─

┼─ ⅜ ⇔≡™╢√╘≢№╢ ≈≠™≡ ⇔√ⱳꜞⱴכ ─

◖▪ ╖╩ ⇔√ ⱳꜞⱴכ (a)│5.5 mm ⱳꜞⱴכ (b) │11.7 mm

≢№∫√ ⌂⅔ ◖▪ ─◖▪/◒ꜝ♇♪ ─◖fi♩ꜝ☻♩⅜ ─ ⌐╟

╡ ⌐⌂∫≡™╢↓≤≢ ◖▪ ╩ ⅛╠ ∆╢↓≤⅜ ≢№╡ ⇔√

GI ⱳꜞⱴכ ─◖▪ ≤⇔≡ ⌐ ⇔√ⱨ◊♩ⱴ☻◒─

╩ ⇔≡™╢  

≈≠™≡ ⇔√ⱳꜞⱴכ ♪כ⸗─ ╩ ∆═ↄ ◖▪⅛╠ ↕╣√

╩Fig. 3-24⌐ ⇔√ ≢ ⇔√ ╩ NFP⅛╠ ⇔√MFD≤

≤╙⌐Fig. 3-37Fig. 3-38⌐ ∆  

Core width (ɛm)
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Zoom

Cross-sectional
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100 ɛm

10 ɛm

Core width (ɛm)
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Fig. 3-37ⱳꜞⱴכ (a)─ NFP≤MFD 

 

 

Fig. 3-38ⱳꜞⱴכ (b)─ NFP≤MFD 

 

Figure 3-38╟╡ ◖▪ ╖⅜ 11.7 mm─ⱳꜞⱴכ (b)≢│ NFP⅜ ╖ ⌐

↕╣≡™╢↓≤⅜ ↕╣╢ ↓╣│ ╢№≢♪כ⸗ TE12(or TM12)⸗כ♪⅜

⌐ ⇔≡⅔╡ ∕─ ⱪ꜡ⱨ□▬ꜟ⅜ ↕╣≡™╢√╘≢№╢ ⇔√⅜∫≡ ◖▪

╖11.7 mm│ ╖ ≢◦fi◓ꜟ⸗כ♪ ⇔≡™⌂™↓≤⅜ ≢⅝√ ↓╣│Fig. 3-

33─ ⅛╠ ↕╣╢◦fi◓ꜟ⸗כ♪ ╩ ∆╢≤ ⌂ ≢№╢≤™ⅎ╢  

Fig. 3-37╟╡ ◖▪ ╖5.5 mm─ⱳꜞⱴכ (a)≢│ ╖ ⌐ ♪כ⸗

⅜ ⇔≡™⌂™↓≤⅛╠ ◦Ⱶꜙ꜠כ◦ꜛfi ⅛╠─ ╡ ⱳꜞⱴכ (a)│

◦fi◓ꜟ⸗כ♪ ⇔≡™╢╟℮⌐╖ⅎ╢ ⇔⅛⇔⌂⅜╠ 3.1.≢ ⇔√ⱳꜞⱴכ

◖▪ ─ ♪כ⸗ ╩ ⇔√≤↓╤ ◖▪ 8 mm ≢│ ⌐ ─Ⱨכ

◒⅜ ↕╣ ⱴꜟ♅⸗כ♪≢№╢↓≤⅜ ↕╣√ Fig. 3-32─◦Ⱶꜙ꜠כ◦ꜛfi

⌐≡ ◖▪ ╖╩ⱳꜞⱴכ (a)─ 5.5 mm⌐ ⇔√ ◖▪ ╩ ↕

∑√≤⅝⌐ ↕╣╢ⱳꜞⱴכ ◖▪─ (Fig. 3-39)╟╡ ◦fi◓ꜟ⸗כ♪

8.1 mm⅜ ╠╣≡⅔╡ ≤ ™ ≢№╢↓≤⅜╦⅛∫√  

 

Core width (ɛm)

3 4 5 6 7 8 9 10 11 12 13 14 15

12.5 10.1 9.0 7.6 7.2 6.6 6.9 7.4 8.3 6.7 8.7 7.5 7.9
6.0 5.1 6.4 6.9 6.6 5.9 5.5 5.5 6.4 7.1 5.7 6.0 6.3

MFD width
MFD height

NFP

(a)

13.9 11.8 8.5 7.4 8.6 6.8 6.8 7.1 6.9 8.3 8.3 8.7 8.4
7.8 7.5 8.1 9.9 13.3 6.0 10.6 11.9 11.3 5.8 8.5 5.8 6.0

MFD width
MFD height

Core width (ɛm)

3 4 5 6 7 8 9 10 11 12 13 14 15

NFP

(b)
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Fig. 3-39 ◖▪ ╖5.5 mm─ GI ⱳꜞⱴכ ◖▪⅜ ∆  

 

↕≡ Fig. 3-37≢│ ™∏╣─◖▪ ⅛╠─ ╙◦fi◓ꜟ⸗כ♪ ⇔≡™╢╟℮⌐

ⅎ╢⅜ ↓╣│▪◒♥▫Ⱪ▪ꜝ▬ⱷfi♩⌐╟∫≡ ⱴꜟ♅⸗כ♪─◖▪≢№∫≡╙ ⸗

╩╖─♪כ ♪כ⸗ ⇔≡⅔╡ ≤⇔≡TE11⅔╟┘TM11⸗כ♪─╖─ ⱪ꜡ⱨ

□▬ꜟ⅜ ↕╣√╙─≤ ⅎ╠╣╢ ∕─√╘ Fig. 3-37⌐ ⇔√NFP⅔╟┘MFD│™

∏╣╙ ╩™╕╢┤─♪כ⸗ ⅎ≡⅔╡ ◖▪ ≢─ ⌂ ⅜ ≤™ⅎ╢ ↓↓

≢ ─ MFD⌐ ∆╢≤ ◖▪ ⅜ ⌐ ⇔≡™╢↓≤⅜ ≢⅝╢  

∕↓≢  Fig. 3-37⅛╠ ╠╣√ⱳꜞⱴכ (a)─◖▪ ≤ ─MFD─

╩ ◦Ⱶꜙ꜠כ◦ꜛfi ≤≤╙⌐ Fig. 3-40⌐ ∆ Fig. 3-40─ ╟╡ ◖▪ 9 

mm≢MFD│ ╩ ╡ 9 mm⅛╠◖▪ ⅜ ∆╢↓≤≢MFD⅜ ⇔≡™╢↓≤⅜

╦⅛╢ ↓╣│◖▪ ─ ⌐╟∫≡ ─ ⅜♪כ⸗ ∆ ╙ ∆

╢√╘≢№╢ ≢ 9 mm⅛╠◖▪ ⅜ ∆╢↓≤≢╙ MFD─ ⅜╖╠╣╢

⅜ ↓╣│ ─◖▪ ⌐╟╡ ⅜◖▪ ⌐≤≥╕╢↓≤⅜≢⅝∏ ◄ⱣⱠ

♇☿fi♩ ⅜◒ꜝ♇♪ ⌐╕≢ ⇔√√╘≤ ⅎ╠╣╢  

 

 

Fig. 3-40 GI ⱳꜞⱴכ ─◖▪ ≤MFD ─  
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╕√ ◖▪ 9 mm ≢│ ≤◦Ⱶꜙ꜠כ◦ꜛfi ─ ⅜ ⇔≡™╢

≢ ◖▪ 9 mm ≢ ⌂╢ ⅜ ╠╣╢ ⌐│ ⌐ ╠╣√MFD⅜

◖▪ 9 mm╩ ≤⇔≡ MFD ⌐ ∂≡™╢─⌐ ⇔ ◦Ⱶꜙ꜠כ◦ꜛfi ≢│

◖▪ 5 mm≢ ╩ ∫≡™╢ ≢ ╠╣√MFD─ ╩≤╢◖▪ ⅜ ⅝™

≤™℮↓≤│ ─D⅜ ╟╡╙ ↕™≤™℮↓≤⅜ ↕╣╢ ∕↓≢ D = 0.2

0.30.4%≤⇔√≤⅝─ ╩ ≤ ⇔√ ╩Fig. 3-41⌐ ∆ Fig. 3-41

╟╡ ≢ ╠╣√MFD│ ◖▪ ≢D = 0.3%⌐ ™ ╩ ∆↓≤⅜╦⅛╢ ≈

╕╡ GI ⱳꜞⱴכ ≢│D⅜◖▪( ) ⌐ ⇔≡⅔╡ ™◖▪ ≢│

⅜ ∆╢≤™℮↓≤⌐⌂╢ ↓╣│ⱨ◊♩▪♪꜠☻ ≢│ ─

⌐╟∫≡◖▪-◒ꜝ♇♪ ─ ╩ ⇔≡™╢⅜ ◖▪ ─ ⌐ ™ ◖

▪-◒ꜝ♇♪ ─ ⅜ ⌐ ⇔√ ◖▪ ─ ⅜ ⇔ ◖▪-◒ꜝ♇♪

─ ⅜ ⇔√╙─≤ ⅎ╠╣╢ ↓─╟℮⌂ │ ╩ ⇔≡

╩ ♩כ◐☻⸗╢∆ ≢╙ ╠╣≡™╢[20]  

 

 

Fig. 3-41 GI ⱳꜞⱴכ ─◖▪ ≤MFD ─ (◖▪ 9 mm ) 

 

─ ╟╡ ⱨ◊♩▪♪꜠☻ ≢ ⇔√ⱳꜞⱴכ ⅜◦fi◓ꜟ⸗כ♪

∆╢↓≤╩ ⌐ ⇔ ─ ≢ GI ◖▪╩ ∆╢ⱳꜞⱴכ ≤⇔

≡ ∆╢↓≤≤⇔√  

 

3.4.  

 ≢│ ⱳꜞⱴכ ─ ╩╕≤╘ ⌂◒כ♬ꜚ ╩ ⇔ ™ ⅜

≢⅝╢ ≤⇔≡ GI ⱳꜞⱴכ ╩ ⌂ⱨ◊♩▪♪꜠☻ ╩ ⇔

⌂ ≢ ↕╣√SI ⱳꜞⱴכ ≤─ ╩ ℮↓≤≢ ◖▪
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⅜ ⌐ ⅎ╢ ╩ ⇔√ ⌐ 2≈─ ╩ ™≡ ⌂╢◖▪

╩ ∆╢◦fi◓ꜟ⸗כ♪ ─ ⌐ ⇔ ⌂ ─ ╩ ∫√ ⌐

⌐ ╠╣√ⱳꜞⱴכ ◖▪⅜ ∆MFD│ ◦Ⱶꜙ꜠כ◦ꜛfi ≤ ™

╩ ⇔≡™╢↓≤⅜ ⇔√  

 ≢ ╠╣√SI GI ⱳꜞⱴכ ╩ ™≡ ⌐ ∆╢

─ ⌂╠┘⌐ ⅜ ≤⌂∫√  
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4  

SiOx ǛȠɜșɔɋºȲ ȾȊȍȹ ǡ 

⌡ǡɆɓɇº  

4.1.  

CPO│ ASIC≤PIC≤╩ ─Ɽ♇◔כ☺ ⌐ ⇔ ╩ ∆╢↓≤

≢ ה ╩ ⌐∆╢↓≤╩ ≤⇔≡⅔╡ ∕─√╘⌐│ PIC≤

○ⱨⱤ♇◔כ☺─ ⱨ□▬Ᵽꜞfi◒≤─ ⅜ ⌐⌂╢ ⇔⅛⇔⌂⅜╠ PIC⌐ ↕

╣╢Si │ ◖▪◘▬☼⅜◘ⱩⱵ◒꜡fi○כ♄≤ ╘≡ ↕ↄ 10 mm─◖▪◘

▬☼╩ ∆╢◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ≤─ │ ≢ ≢№╡ ↓╣╕

≢ ₁⌂ ⅜ ↕╣≡⅝√ ⌐ ╢╟⌐ꜝfi◓◌ⱪ▫♥כ꜠◓│

≢│ ⌂ ╛ ─ ≤™∫√ ⅜ ╘╢ ≢

─ ╩ ↕∑╢√╘⌐│ ─ ╩MFD─♪כ⸗ ↕∑╢ ⅜

№╢ ∕↓≢ ○fiⱲכ♪≢ ─ ─MFD ╩ ↕∑╢═ↄ SiO2≤

⇔≡ ╩ ∆╢SiOx╩◖▪ ≤⇔√ ☻ⱳ♇♩◘▬☼ (Spot Size Converter : SSC)

╩ ∆╢ ─ ⌐ ∆╢ ⅜⌂↕╣≡™╢[1] ≢ SiOx ╩ ⇔√

≢╙ ≢3 mm ─☻ⱳ♇♩◘▬☼ ⌐≤≥╕∫≡⅔╡[2]╟╡ ⌂ ─ ⌐

│ ⌂╢☻ⱳ♇♩◘▬☼─ ⅜ ≤⌂╢ ∕↓≢ ≢│ⱳꜞⱴכ ╩ SiOx

≤◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ ⌐ ⇔√ ꜞfi◒─ ≢─ ╩

╠⅛⌐∆╢═ↄ ⱳꜞⱴכ ─◖▪ ╛ ⅜ ꜞfi◒ ⌐ ╓∆

╩◦Ⱶꜙ꜠כ◦ꜛfi≢ ⇔ ⌂ ╩ ∆╢  

 

4.2. Ɇɓɇº ǞǻǾ☼ ǡ  

4.2.1.  ɓɜȘ  

≢│ⱳꜞⱴכ ─CPO ╩ ⅎ ╢⌂≥♩♇◕כ♃│∏╕ ⌂ ꜞ

fi◒╩ ∆╢  

OIF(Optical Internetworking Forum)⅜ ⇔≡™╢CPO ╩Fig. 4-1⌐

∆[3]™∏╣─ ≢╙ ⱨ꜡fi♩ⱤⱠꜟ⅛╠OE( )◄fi☺fi╩SMF≢ ⇔≡™

╢↓≤⅜╦⅛╢ OE◄fi☺fi≤ SMF─ ⌐│ ⅛≈ ╩ ≢⅝╢

⌂ ⅜ ↕╣≡⅔╡ ─☻ⱳ♇♩◘▬☼ ⅜ ↕╣≡™╢

Fig. 4-2⌐ ⇔√SiOx ╩ ⇔√ [2]≢│ ⇔√InP ⌐ Ɽכ♥ ╩

∆↓≤≢ ▪♦▫▪Ᵽ♥▫♇◒ [4]⌐╟╢ ╩ ™≡ ≢☻ⱳ♇♩◘▬☼

╩ ⇔≡™╢  
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Fig. 4-1 CPO [3]  

 

 

Fig. 4-2 SiOx ╩ ⇔√☻ⱳ♇♩◘▬☼ ─ [2] 

 

© 2021 Optical Internetworking 

Forum  

©2015 IEEE  
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 ≢ SiOx │ ≤⌂╢ SiO2(BOX)┼─ ⅜ ↕╣╢√╘

─ ⌐ ∆╢ ⅜№╡ ≢╙3 mm ─☻ⱳ♇♩◘▬☼╕≢⇔⅛ ∆╢

↓≤⅜≢⅝⌂™ ↓╣╕≢ ≤⌂╢◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ╩╟╡☻ⱳ♇♩◘▬

☼─ ↕™ NA◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ⌐ ⅝ ⅎ╢↓≤≢ MFD╩ ⇔

⇔√ ⅜ ↕╣≡™╢[5]⅜ NAⱨ□▬Ᵽ│ ≢│⌂ↄ ╛◖☻♩

─ ⅜№╢↓≤ ↕╠⌐│○ⱨⱲכ♪ ꜞfi◒─ ≢№╢ ◦fi◓ꜟ⸗כ♪ ⱨ□

▬Ᵽ≤─ ≤™∫√ ⅛╠ │ ≢№╢≤ ⅎ╠╣╢  

 ∕↓≢ ≢│ Fig. 4-3─╟℮⌂ ꜞfi◒⸗♦ꜟ╩ ∆╢ ⌐ ⇔√ Si

⅛╠─ ╩ ▪♦▫▪Ᵽ♥▫♇◒ ⌐╟╢ ⌐╟∫≡ SiOx ⌐ ⇔√

☻ⱳ♇♩◘▬☼3 mm ─ ╩ ⱳꜞⱴכ ╩ ⇔≡↕╠⌐☻ⱳ♇♩◘▬☼ ∆

╢↓≤≢ SMF≤─ ╩ ∆ ⱪ꜡☿☻ ⌐ ╣√ⱳꜞⱴכ ─

─╖≢ ꜞfi◒ ─ ╩ ∆╢↓≤≢ ◦☻♥ⱶ─꜡☻Ᵽ☺▼♇♩╩ ⇔

⇔√ ─ ⅜ ╘╢  

 

Fig. 4-3 ≢ ∆╢ ꜞfi◒─⸗♦ꜟ 

 

4.2.2.  ȠɈɎɕºȠɐɜɋȰɔǡ  

≢│ ⸗♦ꜞfi◓♠כꜟ⌐ Photon Design╟╡ ↕╣≡™╢ FIMMWAVE

⅔╟┘FIMMPROP╩ ™√ Fig. 4-4⌐◦Ⱶꜙ꜠כ◦ꜛfi⌐ ⇔√Ɽꜝⱷכ♃╩ ∆  

 

 

Fig. 4-4 ◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ 

 

 Figure 4-4⌐≡ ◦ꜞ◖fiⱨ◊♩♬◒☻─ ≤⇔≡ ≤⌂∫≡™╢1310 nm╩

Si waveguide core
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⌐ ⇔≡™╢ ╕√ SMF─ ≤⇔≡ ◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ≢№╢

G.652ⱨ□▬Ᵽ[6]╩ SiOx ─ ≤⇔≡[2]╩ ⌐ ⇔√ ≢│G.652

ⱨ□▬Ᵽ╩SMF≤ ∆╢ ⱳꜞⱴכ │ ⌐╟∫≡↕╕↨╕⌂

╩ ╡ ╢⅜ ≤∆╢⸗♦ꜟ≤⇔≡ ⱪ꜡☿☻ ⌂╠┘⌐ ⌐

╣√ SI (ⱨ◊♩ꜞ♁◓ꜝⱨ▫ ) GI (ⱨ◊♩▪♪꜠☻ ) GI (▬

fiⱪꜞfi♩ )─3 ╩ ⇔ ⸗♦ꜟ ⇔≡™╢ ╕√ ⱳꜞⱴכ ≤⇔≡

⌐ ⅛≈ Ɽꜝⱷכ♃⅜ ↕╣≡™╢OrmoCore≤OrmoClad╩⸗♦ꜟ

≤⇔≡ ⇔√ ⌂⅔ ⌐ GI ⱳꜞⱴכ │ⱨ◊♩▪♪꜠☻ ≢ ↕╣√

╩⸗♦ꜟ≤⇔≡⅔╡ ≢№╣┌ ⱬכ◒ꜝ▬♩ ─ⱡꜟⱲꜟⱠfi ╩

∆═⅝≢№╢⅜ ≢│ ⌂ ─ ⌐ ∆═ↄ

╩ ∆╢↓≤≤⇔√  

◖▪ ⌐⅔↑╢ │ GI GI ⌐ ⇔≡ ◖▪ 2w ◖

▪ ↕2h≤⇔√≤⅝ ─ (4-1)(4-6)≢ ⇔√ ⌂⅔ ─ncore│ ◖▪

─ ncladding│ ◒ꜝ♇♪─ ≤⇔≡ ⇔ Dn│◖▪≤◒ꜝ♇♪ ─

(ncore - ncladding)≤ ⇔√  

 

GI ὲ   ὲ  ρ ɀ ῳὲ    [|x| ֔ w]  

ὲ   ὲ     [|x| > w] 

ὲ   ὲ      [|y| ֔ h] 

ὲ   ὲ     [|y| > h] 

 GI ὲ ȟ    ὲ  ρ ɀ ρ ɀ ῳὲ  [|x| ֔ w, |y| ֔ h] 

ὲ ȟ    ὲ     [|x| > w or |y| > h] 

 

 Figure 4-4⌐ ⇔√ ≢ D ◖▪ ◖▪ ↕ ╩ ↕∑╢↓

≤≢ SMF⌂╠┘⌐ SiOx ≤─ ┼─ ╩ ⇔√ ⌂⅔ D

│ (2-4)≢ ↕╣ ◖▪⌂╠┘⌐◒ꜝ♇♪─ ⌐ ∆╢ ↓↓≢│ ◖▪

(OrmoCore)─ ╩ ⇔ ⌂╢ ╩ ∆╢◒ꜝ♇♪ ╩ ⇔ D

╩ ↕∑≡ ╩ ∫√  

 

4.2.3.  SMFǛSiOx ǡ  

│∂╘⌐ ⱳꜞⱴכ ╩ ꜞfi◒⌐ ⇔⌂™ ≈╕╡SMF≤SiOx

╩ ⇔√ ─ ╩ ⇔√ Table 4-1⌐SMF⅔╟┘SiOx ⅛╠─

╩ ⇔√ ╩ ⇔√MFD≤≤╙⌐ ∆   

 

 

 

(4-1) 

(4-2) 

(4-3) 

(4-4) 

(4-5) 

(4-6) 
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Table 4-1 SMFSiOx ⅛╠─ NFP≤MFD  

 

 

Table 4-1╟╡ ─D⅔╟┘◖▪◘▬☼─ ™⌐╟∫≡ ─♪כ⸗ ⌐

⅝⌂ ⅜№╢↓≤⅜╦⅛╢ SMF≤SiOx ╩ ⇔√ ─ ╩

⇔√≤↓╤ 4.3 dB≢№╡ ꜞfi◒꜡☻Ᵽ☺▼♇♩⌐ ⅝⌂ ╩ ⅎ≡⇔╕℮ ╕√

↓─ ⌐│ ─ ⌐ ∆╢ⱨ꜠Ⱡꜟ ╩ ╪≢⅔╠∏

╩ ∆╢≤↕╠⌐ │ ∆╢ ↓╣⅜ⱳꜞⱴכ ⅜ ╩ ↕∑╢

≤⇔≡ ↕╣╢ ─ ≈≢№╢ ⇔√⅜∫≡ ⱳꜞⱴכ ─ ꜞfi◒┼─

⌐╟╡ ⌐ ∂╢ ╩≥╣∞↑ ≢⅝╢⅛⅜ ≤⌂╢  

 

4.2.4.  Ɇɓɇº ǞǻǾ ɓɜȘ ǫǡ☼  

 ™≡ ⱳꜞⱴכ ╩SMF≤SiOx ⌐ ⇔√ ─ ⌐≈™≡

∆╢ ⌂⅔ ≢№╣┌Fig. 4-3⌐ ⇔√ ꜞfi◒⌐ ⇔≡ ─ ╩ ∆═⅝

≢№╢⅜ ∆═≡─ │◦fi◓ꜟ⸗כ♪ ╩ ≤⇔≡⅔╡ ╕√∕╣∙╣ ─

≢№╢≤ ♪כ⸗╠⅛≥↓╢™≡⇔ ┼─ ╙⌂™≤ ↕╣╢ ∕↓≢

≢│ⱳꜞⱴכ ─ ≢─ ╩ ⌐ ⇔ ─ ╩ ╙

↕ↄ∆╢ⱳꜞⱴכ ─ ⌐≈™≡ ⅎ╢  

ⱳꜞⱴכ ─ ≢ ꜞfi◒ ─ ╩ ∆⅜ ≢ ⱳꜞⱴכ

≤™℮ √⌂ ╩ ꜞfi◒⌐ ∆╢↓≤≢ ⅜ ∂╢ ∕↓≢ ╕∏│

ⱳꜞⱴכ ⌐ ℮ ⌐≈™≡ ⇔ 4.2.3.≢ ╘√SMF-SiOx

─ 4.3 dB⌐ ⇔≡≥╣∞↑─ ⅜ⱳꜞⱴכ ⌐ ↕╣╢⅛╩

∆╢  

ⱳꜞⱴכ ⌐ ∂╢ ─ ╩ Fig. 4-5⌐ ∆╟℮⌐

ⱨ꜠Ⱡꜟ ─3 ⌐ ⇔√  

SiOx

25 ɛm

2
5

 ɛ
m

MFD 3.1ɛm

SMF

9.1ɛm

25 ɛm

2
5

 ɛ
m
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Fig. 4-5 ⱳꜞⱴכ ⌐ ℮ ≤ ─ ─  

 

1310 nm╛1550 nm≤™∫√ ≢│ ⱳꜞⱴכ│C-H─ ⌐

∆╢ ™ ╩ ∆ ≢ ─ ⌐╟╡ ≢╙ ╩ ∆

⅜ ה ↕╣≡⅔╡ 1310 nm≢ 0.2 ~ 0.34 dB/cm─ ╩ ∆ⱳꜞⱴכ

─ ⅜№╢[7]↓─╟℮⌂ ─ ⌂╠┘⌐⸗♦ꜟ≤⇔≡ ⇔√

ORMOCERÈ ─ ╩ ⇔ ⱳꜞⱴכ ─ ≤⇔≡ 0.5 dB

╩ ╙∫√ ⌂⅔ ⇔√ ꜞfi◒⌐ ↕╣╢ⱳꜞⱴכ │ ↄ≤╙

1 cm ≤ ™↓≤⅜ ↕╣╢[8]√╘ ⱳꜞⱴכ │1 cm≤ ⇔≡™╢ ↓

─ │Fig. 4-5 ─ ─Ᵽכ⌐ ∆╢  

Figure 4-3⌐ ⇔√ ≢ ⇔≡™╢ ≢│ ⌐⅔↑╢ ⅜

≤⌂╢ ⌐ ┼─ ╡ │ ╩ ↕∑ ─ⱡ▬☼≤⌂╢

⅜№╡ ─ ─ ╩╙√╠∆[9]JIS C5965-1≢│ ◦fi◓

╢↑⅔⌐nm⅔╟┘1550 nm 1310─♪כ⸗ꜟ ⅜ 60 dB╩ 1 45 dB

60 dB╩ 2 35 dB45 dB╩ 3 26 dB35 dB╩ 4≤

⇔≡ ↕╣≡™╢[10] │ ─ ─Ⱶ☻ⱴ♇♅⌐ ℮ⱨ꜠Ⱡꜟ

≢№╡ ⌐ ⌐ ⅜ ∆╢ ⌐│ ⅜ ⅝ↄ⌂╢  

ⱨ꜠Ⱡꜟ │ ╛ ⌐ ∆╢[11]⅜ ↓↓≢│ ⌐ (4-7)≢

↕╣╢ ─ⱨ꜠Ⱡꜟ LF─ ╩ ⇔√ ⌂⅔ I0│ ╩

n1 n2│∕╣∙╣ 1 2─ ╩ ∆  

 

LF = Ὅ  

 

ⱳꜞⱴכ ─ ╩1.5 ─ ╩1≤⇔√≤⅝ (4-7)╟╡ ⱨ꜠Ⱡꜟ

Waveguidecoupler Direct coupling

0

1

2

3

4

5

L
o

s
s
 (

d
B

)

Coupling loss

Reflection loss (direct coupling)

Polymer waveguide coupling loss

Misalignment loss

Reflection loss (waveguide coupler)

Propagation loss

(4-7) 
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│ⱳꜞⱴכ ─ ≢0.7 dB≤ ╙╠╣╢ ↓─ │Fig. 4-5 ─ ─

Ᵽכ⌐ ∆╢  

↕≡ Fig. 4-5 ─ ≤ ─Ᵽכ─ ╟╡ ⱳꜞⱴכ ⌐╟∫≡ ∂╢

│ ╩ ™≡ 1.2 dB≤⌂╢ √∞⇔ ⌐ⱳꜞⱴכ ╩

ꜞfi◒⌐ ∆╢ ⌐│ ╛ ⌐ ⇔√ ─☼꜠⅜ ↕╣╢ ↓─Ⱶ☻▪

ꜝ▬ⱷfi♩⌐╟∫≡ ∂╢ │ ⱳꜞⱴכ ╩ ∆╢ ╛ ⌐ ⇔

≡™╢⅜ ─ ⱴכ☺fi╩ ∆╢↓≤│ⱳꜞⱴכ ╩ →╢↓

≤⌐≈⌂⅜╢√╘ ≢╙ ∆╢↓≤≤⇔√ ↕≡ JIS C 5965-1 (IEC61755-1)≢│

1310 nm≢─◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ ╩ ⇔≡⅔╡ ↓─

│ ⱨ□▬Ᵽ ⱨ□▬Ᵽ ∏╣ ┘ ⱨ□▬Ᵽ ∏╣⌐ ⌐ ∆╢[10]

Ⱡ♇♩꞉כ◒≢│ ⱨ□▬Ᵽ ─ ⅜ ↄ⌂╡ JIS ≢│ ⌐ ↕╣╢

⌐ ╩ ↑≡™╢ D≢│ ⅜0.50 dB≢№╢↓≤≤

↕╣≡™╢ ╕√ ◦fi◓ꜟ⸗כ♪ ─ ╩ ∆╢ ∏╣⅜⌂™

⅛╠0.5 dB⅜ ∆╢ ∏╣ ╩0.5 dB-misalignment≤ ⇔≡ ∆╢↓≤⅜

™[12]∕↓≢ ≢│ Ⱶ☻▪ꜝ▬ⱷfi♩⌐╟╢ ╩0.5 dB/ ≤ ⇔

≢1 dB≤ ╙∫√ ↓─ │Fig. 4-5 ─ ─Ᵽכ⌐ ∆╢ ↓─ │

⌐ ™ ≢№╡ ─ ⌐╟╡ ↕╠⌂╢ ⅜ ╘╢ ™∏╣⌐∑╟

ⱳꜞⱴכ ⌐ ℮Ⱶ☻▪ꜝ▬ⱷfi♩╩ ∆╢√╘⌐│ Ⱶ☻▪ꜝ▬ⱷfi♩⅜

⌂™( ⅜ ⌐ ⇔≡™╢) ≢─ ╩ ⌂ ╡ ↄ∆╢ ⅜№╢  

SMF≤SiOx ╩ ⇔√ ─ ⌐≈™≡│ ⌐4.3 dB≤ ╘√

⌐ ⅎ ⌐ ∆╢ ⌐╟╢ⱨ꜠Ⱡꜟ ╩ ∆╢ ⅜№╢

(4-7)╩ ™√ ⌐╟╡ 0.3 dB≤⇔≡ ╙∫√ ↓─ │Fig. 4-5 ─ ─Ᵽכ⌐

∆╢  

 ╟╡ ⱳꜞⱴכ ⌐ ↕╣╢ ≢─ │ Fig. 4-5 ─

Ᵽכ≢ ↕╣╢ 2.4 dB≢№╢↓≤⅜ ╠⅛≤⌂∫√ ⌂⅔ ⱳꜞⱴכ ⌐

╟∫≡ ∂╢ ⌐ ╕╣≡™╢ⱨ꜠Ⱡꜟ 0.7 dB(─Ᵽכ)│ ⅜ ∂

⌂™╟℮⌐ ⅝ ≡ ╩∆╢↓≤ ╕√│ [13]╛ ⱨ▫ꜟⱶ[14]

─ ⌐╟╡ ╩ ∆╢↓≤≢ ╩ 0 dB⌐╕≢ ∆╢↓≤⅜

≤⌂╢ ∕─╟℮⌂ ╩ ⇔√ ⱳꜞⱴכ ⌐ ↕╣╢ ≢

─ │ 3.1 dB╕≢ ∆╢↓≤⌐⌂╢  

 

4.3. SMF-Ɇɓɇº  לּ 

4.3.1.  SMFǛɆɓɇº ǡ ( ) 

╕∏ ⱳꜞⱴכ ─Ɽꜝⱷכ♃╩Fig.4-4⌐ ⇔√ ≢ ↕∑≡ ⱳꜞⱴכ

≤SMF─ ╩ ⇔√ ─ ╩Fig. 4-6⌐ ∆  
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Fig. 4-6 ◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ≤ ─  

 

SMF─ ─ ⌐(TE11)♪כ⸗ Pin╩ ⇔ ⅜∕─ⱳꜞⱴכ

⌐ ⇔√ ⱳꜞⱴכ ─ ╠⅛♪כ⸗ ↕╣√ Pout─ ╩ ╘╢

↓─≤⅝ Lcon.│ ─ (4-8)≢ ↕╣╢  

 

Lcon. = ὰέὫ  

 

↓↓≢ D╛◖▪ ◖▪ ↕─ ╖ ╦∑⌐╟∫≡│ⱳꜞⱴכ ⅜◦fi◓ꜟ⸗כ

♪≢│⌂ↄ ⱨꜙכ⸗כ♪╛ⱴꜟ♅⸗כ♪ ∆╢↓≤⅜№╢ ≤⇔≡ D = 0.4%⅛≈◖

▪ ⅔╟┘◖▪ ↕⅜15 mm─SI ⱳꜞⱴכ ◖▪─ ╩♪כ⸗ ⇔√

╩Fig. 4-7⌐ ∆ ⌂⅔ SMF≤ ⇔√ ⌐ⱳꜞⱴכ ⌐ ⇔√ ─℮∟

─┼♪כ⸗ ╩∕╣∙╣─ ♪כ⸗ ⌐ ⇔√  

 

 

Fig. 4-7 D = 0.4%15 mmĬ15 mm SIⱳꜞⱴכ ◖▪─ ♪כ⸗  

 

SMF-28® Polymer waveguide

Core

CladdingCladding

Core

Cladding Cladding

Light propagation

Coupling point

Input side Output side

Core

CladdingCladding

Core

Core size
Core diameter

(8.2 mm)

90.4 % 0.0 % 0.0 % 9.6 %

0.0 % 0.0 % 0.0 %

TE11 TE12 TE22 TE13

TE14TE23TE32

(4-8) 

©2024 Optica  



 

 

 

4  SiOx ≤◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ ─ ─ⱳꜞⱴכ  

81 

 Figure 4-7╟╡ SMF⅛╠─ │ⱳꜞⱴכ ─ TE11⸗כ♪┼─ ⅜

≢№╢↓≤⅜ ≢⅝╢ ≢ 9.6%─ ⅜ ╢№≢♪כ⸗ TE31⸗כ♪⌐ ⇔

≡™╢ ↓╣│TE31⸗כ♪⅜◖▪ ⌐ Ⱨכ◒╩ ∆╢TE11⸗כ♪⌐ ™ⱪ꜡ⱨ□▬

ꜟ╩ ⇔≡⅔╡ TE11⸗כ♪⌐ ≢⅝⌂⅛∫√ ⅜ TE31⸗כ♪⌐ ⌐ ⇔√√╘

≤ ⅎ╠╣╢ ⱳꜞⱴכ ─TE31⸗כ♪┼─ 9.6%│ ≢│ ≢⅝⌂™

꜠ⱬꜟ≢№╢⅜ ─ⱳꜞⱴכ │ ─ ≢№╡ ⱳꜞⱴכ

│ ┘ ─◦fi◓ꜟ⸗כ♪♦Ᵽ▬☻┼≤ ∆╢↓≤⅜ ↕╣╢ ⅎ

┌ SMF ⌐ⱳꜞⱴכ ╩ ⇔√ ≢│ ⱳꜞⱴכ ─ ≤ ≢

─ │ ≢№╡ SMFќⱳꜞⱴכ TE31⸗כ♪ќSMF≤ ⇔√ ⌐│

⌐SMF─ ⌐♪כ⸗ ∆╢ │9.6%Ĭ9.6%─ 0.92%≤⌂╡ ⌐

↕ↄ ≢⅝╢ ∕↓≢ ≢│ⱳꜞⱴכ ⅜ⱨꜙכ⸗כ♪ ╙⇔ↄ│ⱴꜟ♅⸗

─♪כ ≢№∫≡╙ ⱳꜞⱴכ ─ ⌐♪כ⸗ ⇔√ ─╖╩ ⇔

∕╣ ─ ⌐♪כ⸗ ⇔√ ⌐≈™≡│ ≤╖⌂⇔√  

↓↓≢ ≤⌂╢ⱳꜞⱴכ ─Ɽꜝⱷכ♃│D ◖▪ ◖▪ ↕─3

≢№╡ ⌐ ╩ ╘╢─│ ⇔™ ∕↓≢ ╕∏ⱳꜞⱴכ ─D╩ ⇔

◖▪ ≤◖▪ ↕╩ ↕∑≡ SMF≤─ ╩ ∆╢ ─ ╩∕

─ ╩ ∆ⱳꜞⱴכ ─◖▪ ▪◖ה ↕≤≤╙⌐ ⌐╕≤╘√ ≤⇔≡D = 

0.4%⌐ ╘√ ╩Table 4-2⌐ ∆  

 

Table 4-2 SI ⱳꜞⱴכ ─◖▪ ▪◖ה ↕≤SMF≤─  

@D = 0.4% 

 

 

 

 Table 4-2─ ⅜ ≤⌂╢ ╩ ≢Ɫ▬ꜝ▬♩⇔ ∕─ ╩ ∆◖▪

▪◖ה ↕╩ ∆╢ ↓─╟℮⌂ ╩∆═≡─D (0.1 ~ 2%)⌐ ⇔≡ ∆╢↓≤≢

⌂╢ D⌐ ⇔≡ ⌂◖▪ ≤∕─ ─ ╩Table 4-3⌐╕≤╘

√ ╕√ ◖▪ ─D≤ ─ ╩Fig. 4-8⌐ ⇔√  

 

 

2 3 4 5 6 7 8 9 10 11 12 13 14 15

2 8.05 5.46 2.98 1.54 0.93 0.65 0.52 0.46 0.37 0.47 0.50 0.55 0.48 0.68

3 5.50 1.86 0.63 0.30 0.19 0.15 0.14 0.16 0.19 0.24 0.29 0.36 0.43 0.51

4 3.07 0.64 0.21 0.11 0.09 0.08 0.09 0.11 0.15 0.19 0.25 0.31 0.38 0.46

5 1.62 0.31 0.12 0.08 0.07 0.06 0.07 0.09 0.12 0.16 0.21 0.27 0.34 0.42

6 0.97 0.19 0.09 0.07 0.06 0.05 0.04 0.06 0.08 0.12 0.17 0.22 0.29 0.37

7 0.68 0.15 0.08 0.07 0.05 0.03 0.02 0.03 0.05 0.08 0.13 0.19 0.25 0.33

8 0.54 0.14 0.09 0.07 0.04 0.02 0.01 0.01 0.03 0.06 0.11 0.16 0.23 0.30

9 0.48 0.16 0.11 0.09 0.06 0.03 0.01 0.01 0.03 0.06 0.10 0.15 0.22 0.29

10 0.46 0.19 0.15 0.12 0.08 0.05 0.03 0.03 0.04 0.07 0.11 0.16 0.23 0.30

11 0.48 0.24 0.19 0.16 0.12 0.08 0.06 0.06 0.07 0.10 0.13 0.19 0.25 0.32

12 0.51 0.29 0.25 0.21 0.17 0.13 0.11 0.10 0.11 0.14 0.17 0.22 0.29 0.36

13 0.56 0.36 0.31 0.27 0.22 0.19 0.16 0.15 0.16 0.19 0.22 0.27 0.33 0.40

14 0.62 0.43 0.38 0.34 0.29 0.25 0.23 0.22 0.23 0.25 0.28 0.33 0.39 0.46

15 0.69 0.51 0.46 0.41 0.37 0.33 0.30 0.29 0.30 0.32 0.35 0.40 0.46 0.53

D = 0.4 %
Core width (µm)

C
o

re
 h

e
ig

h
t (

µ
m

)
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Table 4-3 D─ ⌐ ╠╣╢SMF≤─  

⌂╠┘⌐∕─ ╩ ∆ⱳꜞⱴכ ◖▪ ▪◖ה ↕ 

 

 

 

Fig. 4-8 ⱳꜞⱴכ ◖▪ ─D≤ ─  

D (%)
Lowest loss

(dB)

core width (ɛm)

×

core height (ɛm)

Lowest loss

(dB)

core width (ɛm)

×

core height (ɛm)

Lowest loss

(dB)

core width (ɛm)

×

core height (ɛm)

0.1 1.2 11×11 1.4 15×12 1.8 15×15

0.2 0.23 9×8 0.32 13×9 0.42 13×13

0.3 0.02 8×8 0.05 11×8 0.09 12×12

0.4 0.01 8×8 0.01 12×8 0.01 11×11

0.5 0.03 9×9 0.01 14×9 0.01 14×14

0.6 0.04 10×10 0.03 15×10 0.01 15×15

0.7 0.05 10×10 0.04 15×10 0.03 15×15

0.8 0.06 11×11 0.07 15×10 0.06 15×15

0.9 0.07 11×11 0.09 15×11 0.09 15×15

1.0 0.07 11×11 0.11 15×11 0.12 15×15

1.1 0.08 11×11 0.13 15×11 0.16 15×15

1.2 0.09 11×11 0.15 15×11 0.20 15×15

1.3 0.09 11×11 0.18 15×11 0.24 15×15

1.4 0.09 12×12 0.20 15×11 0.27 2×4

1.5 0.10 12×12 0.22 15×11 0.31 3×2

1.6 0.10 12×12 0.24 15×12 0.29 2×3

1.7 0.10 12×12 0.26 15×12 0.32 2×3

1.8 0.10 12×12 0.28 15×12 0.38 2×3

1.9 0.10 12×12 0.30 15×12 0.42 2×2

2.0 0.10 12×12 0.32 15×12 0.34 2×2

SI Horizontal GI Square GI

Refractive index profile
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©2024 Optica  

©2024 Optica  



 

 

 

4  SiOx ≤◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ ─ ─ⱳꜞⱴכ  

83 

Table 4-3, Fig. 4-8╟╡ ⌐╟╠∏ ⱳꜞⱴכ ─◖▪ ╩ ∆╢

↓≤≢D = 2%─╟℮⌂ ™D≢№∫≡╙ SMF≤─ ⅜0.5 dB╩ ╢╟℮

⌂ ╩ ∆↓≤⅜ ⅛∫√ ↓─ │4.2.4.≢ ⇔√ 3.1 dB╩ ⅝

ↄ ∫≡⅔╡ ⱳꜞⱴכ ≤SMF─ ⅜ ꜞfi◒꜡☻Ᵽ☺▼♇♩⌐ ⅎ╢

⅜∕╣╒≥ ⅝ↄ⌂™↓≤⅜ ≢⅝√ ╕√ ⱳꜞⱴכ ⌐☻ⱳ♇♩◘▬☼

─ ⅎ┌ⱨ□fi▬fi/ⱨ□fi▪►♩ ⌂≥╩ ∆╢ ☻Ɑכ☻≢─

╡ ⇔─ ⌐ → ╩ ↕ↄ∆╢ ⅜ ≡ↄ╢ D≤ → ⌐│ ─ ⅜№

╡ → ─√╘⌐│ ™D⅜ ╘╠╣╢ ⅜№╢ Table 4-3, Fig. 4-8≢ ⇔√

™D ≢─ │ ⱳꜞⱴכ ⌐ ™ ╩╙√╠⇔ ∕─╟℮⌂

→ ⌐ ⇔≡ ╣√ ╩ ∆≤™ⅎ╢  

╕√ Table 4-3, Fig. 4-8╟╡ ⱳꜞⱴכ ─D⅜0.40.6%─ ⌐ SMF≤─

│ 0 dB⌐╕≢ ≢№╢↓≤⅜╦⅛╢ ↓╣│ⱳꜞⱴכ ─D⅜

≤⌂╢SMF─D = 0.4%⌐ ™ ≢№╡ ⱳꜞⱴכ ◖▪─ ╛

⅜ ⌂∫≡™√≤⇔≡╙ ♪ꜟכ▫ⱨ♪כ⸗─ ⅜ ↄ⌂╢√╘≤ ⅎ╠╣

╢ Table 4-2╟╡ D = 0.4%─ ─SIⱳꜞⱴכ ─ ◖▪◘▬☼│8 mmĬ8 

mm≢№╡ SMF─ ◖▪ 8.2 mm⌐ ™↓≤⅜╦⅛╢  

Table 4-3╟╡ ⌐╟∫≡ ◖▪◘▬☼⅜ ⅝ↄ ⌂╡ GI ⱳꜞⱴ

כ ─ ◖▪◘▬☼│ SI≤ ⇔≡ ⅝™↓≤⅜ ≢⅝╢ ↓─ ─

⌂ ╩∆═ↄ SMF≤─ ╩ ∆≤⅝─ⱳꜞⱴכ ◖▪ (◖▪

◖▪ ↕ D)≤ ∕─ ≢ ↕╣╢ ╩ ╦∑≡Fig. 4-9⌐

∆  

 

 

Fig. 4-9 ◖▪ SMF≤─ ─  

 

Figure 4-9 ─ ╟╡ SI ◖▪─SMF⌂╠┘⌐SI ⱳꜞⱴכ │

◖▪≤◒ꜝ♇♪ ⌐╕≢ ⅜ ⇔≡™╢↓≤⅜╦⅛╢ ≢ ↓╣│GI◖▪

⌐ ↕╣√ ⌐╟╡ ▪◖╡╟⅜♪ꜟכ▫ⱨ♪כ⸗ ⌐ ↄ ∂ ╘╠╣

SMF SI Horizontal GI Square GI

8 mmF 8ú8 mm 12ú8 mm 14ú14 mm

SMF 0.01 dB 0.01 dB 0.01 dB

D=0.4 % D=0.4 % D=0.4 % D=0.5 %

SMF
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╢√╘≢№╢ ⇔√⅜∫≡ ─╖⌐ GI ─ ╩ ≈ GI ⱳꜞⱴכ

≢│ ◖▪─ ─╖⅜SI ≤ ⇔≡ ⅝ↄ ↕ ≢│SI ─┤╢╕™╩⇔≡

™╢↓≤⅜╦⅛╢ ╕√ GI ⱳꜞⱴכ ≢│ ⌐ ╩ ∆╢√╘

⌐◖▪ ה ↕≤╙⌐ ⅝⌂ ≢ ╩ ⇔≡™╢⅜ D = 1.4%≢ ⌂◖▪

◘▬☼⅜ ⌐ ↕ↄ⌂∫≡™╢↓≤⅜ ≢⅝╢ D⅜ ⅝ↄ⌂╢⌐≈╣≡ ⌐

⌐╟∫≡GI ⱳꜞⱴכ ◖▪≢│ ∂ ╘ ⅜↕╠⌐ ↄ⌂╢ ⅜№╡

SMF─ ╩☼▬◘▪◖│⌐╘√╢∑↕◓ⱴ♇♅fi≥♪ꜟכ▫ⱨ♪כ⸗≈ ⅝ↄ∆╢ ⅜

№╢↓≤⅜╦⅛∫√  

⇔⅛⇔⌂⅜╠ ≢ ⇔√◖▪◘▬☼─ │15 mm≢№╡ 15 mm ─◖▪◘

▬☼≢ ╩ ∆ ╗⇔╤ ╘≡ ↕™◖▪◘▬☼─ⱳꜞⱴכ ⅜ ∆

⅜15 mm◖▪◘▬☼ ─ ╩ ╢↓≤⅜№╢ D = 1.4%⌐

╩ ∆ GI ⱳꜞⱴכ ─◖▪ │ 2Ĭ4 mm≢№╡ ∕─≤⅝─ MFD│

≢3.9 mm ↕ ≢4.7 mm≤™℮ ⅝⌂ ╩ ⇔≡™╢ ↓─ ─ D = 2.0%

⅛≈◖▪ ╩ (Core size  ◖▪  = ◖▪ ↕)≤⇔√≤⅝ GI ⱳꜞⱴכ

≤SMF─ ─ ╩Fig. 4-10⌐ ⱳꜞⱴכ ◖▪⅛╠ ↕╣╢

─♪כ⸗ ╩Fig. 4-11⌐ ∆ Fig. 4-10╟╡ Core size = 5 mm≢SMF≤─

⅜ ≤⌂╡ ∕─ ≢ ⅜ ∆╢ ⅜ ≢⅝╢ Fig. 4-11⌐≡

╩ ∆╢≤ Core size = 5 mm()≢│ 10% ≤⌂╢ ≢ ─ ⅜

╡⅜ ↕╣≡⅔╡ MFD─ ⅝™ SMF≤─ ⅜ ─◖▪◘▬☼≤ ⇔≡ ⅝

ↄ⌂∫√╙─≤ ⅎ╠╣╢ Core size = 2 mm()≢│ 10% ─ ≢│

◖▪◘▬☼─ ⅝™5 mm╟╡ ™ ╩ ⇔≡⅔╡ ◄ⱣⱠ♇☿fi♩ ⅜◖▪

⅛╠ ╖ ⇔≡ ⅜∫≡™╢↓≤⅜ ≢⅝╢ ↓─◒ꜝ♇♪ ┼─◄ⱣⱠ♇☿fi♩

─ ╖ ⇔⌐╟╡ ⌂◖▪◘▬☼ ⌐ ⅜ ⅜∫√ SMF≤─

⌂ ╩ ⇔√≤ ⅎ╠╣╢  

 

 

Fig. 4-10 D = 2.0%GI ⱳꜞⱴכ ◖▪◘▬☼≤SMF─ ─  
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Fig. 4-11 D = 2.0%GI ⱳꜞⱴכ ─ ⱪ꜡ⱨ□▬ꜟ  

 

─ ╟╡ ™D╩ ≈ ≢│ ⌐ ∆╢ ⌂ ╩ ∆╙──

GI ⱳꜞⱴכ │ SI ⱳꜞⱴכ ≤ ⇔ ╟╡ ⅝⌂◖▪◘▬☼≢ SMF

≤ ╩ ∆↓≤⅜╦⅛∫√ ⌐ ◖▪◘▬☼⅜ ⅝™╒≥ⱪ꜡☿☻╛

─ │ ⅜╡ ╕√ ╣⌂≥─ ╙ ⌐ ↕ↄ∆╢↓≤⅜≢⅝╢√╘ GI

ⱳꜞⱴכ ─ │SI ≤ ⇔≡ ⅝ↄ⌂╢ ⅜ ╢  

≈≠™≡ ⱳꜞⱴכ ─ ─ ─┼ꜟ▬□ⱪ꜡ⱨ♪כ⸗╢╟⌐™ ╩

∆═ↄ D─ ⌂╢ ⌐≈™≡◖▪◘▬☼≤ MFD─ ╩ ⇔√

≤⇔≡D = 0.4%─ ╩Fig. 4-12D = 1%─ ╩Fig. 4-13D = 2%─ ╩Fig. 4-14⌐

∆ ⌂⅔ ≤ ─ ≢│◖▪ │ ≤⇔ ─ ⌐ ™√Ɽ

ꜝⱷכ♃Core size│ ◖▪─ ─ ↕╩ ⇔≡™╢ ╕√ GI ⱳꜞⱴכ

⌐ ⇔≡│ ≤ ≢ ⅜ ⅝ↄ ⌂∫≡™╢√╘ 2 ╩♃כ♦─

⇔√  
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Fig. 4-12 ⱳꜞⱴכ ◖▪◘▬☼≤MFD─ @ D = 0.4% 

 

 

Fig. 4-13 ⱳꜞⱴכ ◖▪◘▬☼≤MFD─ @ D = 1% 

 

 

Fig. 4-14 ⱳꜞⱴכ ◖▪◘▬☼≤MFD─ @D = 2% 
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 Figure 4-12╟╡ D = 0.4%≢│ ⌐ ╦╠∏ Core size = 46 mm─ ≢MFD

⅜ ╩≤∫≡™╢↓≤⅜╦⅛╢ ≢│↓─╟℮⌐MFD⅜ ≤⌂╢◖▪◘▬☼

─↓≤╩ ₈ ◖▪◘▬☼₉≤ ∆╢ ◖▪◘▬☼⅛╠◖▪◘▬☼⅜ ∆╢↓≤

≢ MFD╙ ∆╢↓≤⌐⌂╢ ≢ ◖▪◘▬☼⅛╠◖▪◘▬☼⅜ ∆╢

↓≤≢╙MFD⅜ ⇔≡™╢⅜ ↓╣│ ─ ∂ ╘⅜ ≤⌂∫≡™╢ ◖▪◘▬☼

⅛╠↕╠⌐◖▪◘▬☼⅜ ∆╢↓≤≢ ◄ⱣⱠ♇☿fi♩─◒ꜝ♇♪┼─ ╖ ⇔⅜

⅝ↄ⌂╢↓≤╩ ⇔≡™╢ ╕√ GI ◖▪≢│ SI ≤ ⇔≡ ◖▪◘▬☼⅛╠◖

▪◘▬☼⅜ ⇔√ ─MFD ⅜ ⅝ↄ ⌂ ⅜ ╠╣≡™╢ ↓╣│Fig. 4-

15≢ ∆╟℮⌂ ─ ⅎ ≢ ≢⅝╢ GI ─ ╩ ≈◖▪│ ─

D╩ ∆╢ SI ─◖▪≤ ⇔≡ ⅜ ↄ⌂∫≡⅔╡ ◖▪ ┼─ ∂ ╘

⅜ ╕∫√ ╟╡◖▪─ ┼≤◄ⱣⱠ♇☿fi♩ ⅜ ⇔√√╘≤ ⅎ╠╣╢  

 

 

Fig. 4-15 SI≤GI ─  

 

 Fig. 4-12╟╡ ◖▪◘▬☼╟╡ ⅝™◖▪◘▬☼≢─ ⌐ ∆╢≤ GI

ⱳꜞⱴכ │ SI ≤ ⇔≡◖▪◘▬☼ ─ MFD ⅜ ↕™↓≤⅜╦⅛

╢ ↓╣│ ⌂ ∂ ╘⅜ ╘╢D ≢─ ⌐╟╢◖▪ ┼─

∂ ╘ ⌐╟╢╙─≢№╢ ─ ♪ꜟכ▫ⱨ♪כ⸗│⌐ ⅜ ≢№╢

⅜ ┌╠≈⅝╛ ⌐╟╡◖▪◘▬☼⅜ ∆╢↓≤│mm nm○כ♄כ꜠ⱬ

ꜟ≢│ ⌐ ⅎ ╢ GI ⱳꜞⱴכ │ SI ≤ ⇔≡ ◖▪◘▬☼ ─

MFD ⅜ ↕™↓≤⅛╠ GI ⱳꜞⱴכ │ ♩꜠ꜝfi☻╛

≤™℮ ≢ ╩ ∆≤™ⅎ╢  

 Figure 4-13Fig. 4-14╟╡ ⱳꜞⱴכ ─D⅜ ⅝ↄ⌂╢⌐≈╣ ◖▪◘▬☼

⌂╠┘⌐ ◖▪◘▬☼≢ ∆ MFD⅜ ↕ↄ⌂∫≡™ↄ ⅜ ╠╣╢ ↓╣│D─

⌐╟╡ⱳꜞⱴכ ◖▪─ ∂ ╘ ⅜ ╕╡ ↕™◖▪◘▬☼≢╙ ⌂

∂ ╘╩ ≢⅝╢√╘≢№╢  

↓─ ◖▪◘▬☼─ │ ⱳꜞⱴכ ⌐ ⅝⌂ ╩ ⅎ╢↓≤⅜

↕╣╢√╘ ╟╡ ⌐ ∆═ↄ ↓↓╕≢ ⇔≡™√ⱳꜞⱴכ ─

n

Core size

n

Core size

SI GI
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≢№╢ SI GI GI ⌐ ⅎ≡ SI ≤ GI ╩ ≤⇔

≡ ╩ ∫√  

│∂╘⌐ ⌂╢ ◖▪◘▬☼╩ ∆╢ⱳꜞⱴכ ⅜D = 0.1 ~ 2.0%─

≢ ∆MFD╩ ⇔√ ≤⇔≡D = 0.4%─ ─ ◖▪◘▬☼╩ ≈

ⱳꜞⱴכ ⅜ ∆MFD─ ╩Fig. 4-16⌐ ∆  

 

 

Fig. 4-16 ◖▪◘▬☼ ─D≤MFD─  

 

Figure 4-16╟╡ MFD⅜◖▪◘▬☼⌐ ⇔≡⅔╡ ╕√ ∕─ ⅜ ⌐

╟∫≡ ⌂╢↓≤⅜╦⅛╢ ≈≠™≡ Fig. 4-16≢MFD⅜ ≤⌂╢◖▪◘▬☼╩

⇔ ◖▪◘▬☼≤⇔≡ ⇔√ ↓─ ╩D = 0.1 ~ 2.0%⌐ ⇔≡ ⇔ D⌐⅔↑

╢ ◖▪◘▬☼ ⌐◖▪⅛╠ ↕╣╢MFD╩ ⇔ Fig. 4-17⌐╕≤╘√  
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Fig. 4-17 ◖▪◘▬☼ ─D≤MFD─  

 

 Figure 4-17╟╡ D ≢│MFD─D ⅜ ↕ↄ⌂∫≡™╢↓≤⅜ ≢⅝√ ↓

↓≢ ─D≤MFD─ ╩ ∆═ↄ MFD─D⌐ ∆╢  

D ─ ╩Fig. 4-18⌐ ∆ ↓↓≢Core size = x mm⌐⅔↑╢MFD─ dMFD/dD(x)

│ ─ (4-9)≢ ⇔√  

 

dMFD/dD(x) = MFD(x) ï MFD(x-1) 

 

Figure 4-18╟╡ ╒≤╪≥ ≢─ ⅜ ≢⅝⌂™↓≤⅛╠ ◖▪◘

▬☼ ≢─ MFD─D │╒╓ ≢№╢↓≤⅜╦⅛∫√ ↓╣│ ∕─

╙─⅜ MFD─D ⌐ ╩ ⅎ≡™╢─≢│⌂ↄ ∂ ╘ ─ ™⌐╟╢

⅜ ⅝™↓≤╩ ⇔≡™╢  
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Fig. 4-18 ◖▪◘▬☼ ─D≤MFD ─  

 

 ≈≠™≡D≤ ◖▪◘▬☼─ ╩ ⇔ Fig. 4-19⌐╕≤╘√ Fig. 4-19╟╡ ⱳ

ꜞⱴכ ─ ⌐╟╠∏ D⅜ ∆╢↓≤≢ ◖▪◘▬☼⅜ ↕ↄ⌂╢↓

≤⅜╦⅛╢ ↓╣│D─ ⌐╟╡ ◖▪◘▬☼⅜ ↕ↄ⌂∫√≤⇔≡╙ ⌂ ─ ∂

╘ ╩ ≢⅝√√╘≢№╢≤ ⅎ╢ ╕√ ◖▪ ⅜ ∂ ≢─ ─┤

╢╕™⌐ ∆╢≤ ◖▪⅔╟┘ ◖▪⌐⅛⅛╦╠∏ ⌐ GI ⅜ SI ╟╡╙ ⅝

⌂ ◖▪◘▬☼╩ ⇔≡™╢↓≤⅜╦⅛╢ ↓╣│ GI ⅜ SI ≤ ⇔≡

⅜ ↕™ ╩ ∆√╘≢№╢  

╕√ ◖▪◘▬☼─ ⌐╟╡ ⌂D⅜ ⌐ ™ MFD─ ⌐

│ ⅜№╡ ⅜◓ⱴ♇♅fi─♪ꜟכ▫ⱨ♪כ⸗│≡∫╟⌐ ╣⌂™↓≤⅜ ⅎ

╠╣╢ ↓─╟℮⌐ⱳꜞⱴכ │ ⌐ ╦∑≡ ⌂◖▪◘▬☼─╖⌂╠∏

D─ ╙ ≤⌂╢↓≤⅜ ⇔√ ⌐ ⱴ☻◒ ╛ ≢ ⌐ ⌂

◖▪◘▬☼≤│ ⌂╡ D│◖▪ ⌂╠┘⌐◒ꜝ♇♪─ ≢№╡ ⱳꜞⱴכ

─ⱨ□כ☻♩☻♥♇ⱪ≢№╢≤ ⅎ ▪ⱪꜞ◔כ◦ꜛfi⌐ ⇔√ ─

⅜ ⌐╟╡ ╠⅛≤⌂∫√  
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Fig. 4-19 D≤ ◖▪◘▬☼─  

 

4.3.2.  SMFǛɆɓɇº ǡ ( ) 

4.3.1.≢─◦Ⱶꜙ꜠כ◦ꜛfi ╩ ∆═ↄ 3 ≢ ⇔√ⱳꜞⱴכ ≤ SMF

─ ╩ ∫√ ≢│SMF≤─ ╩ ⌐ ∆╢√╘⌐

─ ≢ ╩ ⇔√ ⌂⅔ ⌐│ⱪ꜡כⱩ⌐ ™√ ⱨ□▬Ᵽ─ ╙

∆═⅝≢│№╢⅜ ⱨ□▬Ᵽ─ │dB/km─○[15]♄כ≤ ⌐ ↄ

™√2 m─ ⱨ□▬Ᵽ≢│ ≢⅝╢╙─≤⇔√  

 

SMF≤─  

ᵑ-1 ꜞ ⱨ□꜠fi☻  ( Fig. 4-20 (a)) 

ⱳꜞⱴכ ╩ ⇔⌂™ ≢ ⱪ꜡כⱩ╩ ⇔ Ⱨכ◒ ( )╩

 

ⱪ꜡כⱩ SMF 

ⱪ꜡כⱩ 105 mmF SI-MMF NA:0.22 (∆═≡─ ╩ ⌂ ⅛≈ NA⌂

ⱨ□▬Ᵽ)  

 [ ⌐ ∆╢ ] ⱨ꜠Ⱡꜟ (SMF- ) ⱨ꜠Ⱡꜟ ( -105 mmF SI-

MMF) (SMF-105 mmF SI-MMF) 

 

ᵑ-2 ⱳꜞⱴכ (SI-MMF )  ( Fig. 4-20 (b)) 

ⱳꜞⱴכ ╩ⱪ꜡כⱩ ⌐ ◖▪╩ ⇔ Ⱨכ◒ ( )

╩  

0
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ⱪ꜡כⱩ SMF 

ⱪ꜡כⱩ 105 mmF SI-MMF NA:0.22 (∆═≡─ ╩ ⌂ ⅛≈ NA⌂

ⱨ□▬Ᵽ) 

[ ⌐ ∆╢ ] ⱨ꜠Ⱡꜟ (SMF- ) ⱨ꜠Ⱡꜟ ( -ⱳꜞⱴכ

) (SMF-ⱳꜞⱴכ ) (ⱳꜞⱴכ )ⱨ꜠Ⱡꜟ (ⱳ

ꜞⱴכ - )ⱨ꜠Ⱡꜟ ( -105 mmF SI-MMF) (ⱳꜞⱴכ

-105 mmF SI-MMF) 

 

ᵑ-3 ⱳꜞⱴכ (SI-MMF )  

 ᵑ-1≢ √ꜞⱨ□꜠fi☻ ≤ᵑ-2≢ √ⱳꜞⱴכ (SI-MMF )─

╩ ∆╢↓≤≢ ─ ╩ ∆╢↓≤⅜≢⅝╢ ↓─ ╩ⱳꜞⱴכ

≤⇔≡ ⇔ 8 ch.─ ╠⅛♃כ♦ ╩ ⇔√  

 [ ⌐ ∆╢ ]  (SMF-105 mmF SI-MMF)ⱨ꜠Ⱡꜟ ( -ⱳꜞ

ⱴכ ) (SMF-ⱳꜞⱴכ ) (ⱳꜞⱴכ )ⱨ꜠Ⱡ

ꜟ (ⱳꜞⱴכ - ) (ⱳꜞⱴכ -105 mmF SI-MMF) 

 

ᵒ-1 ꜞⱨ□꜠fi☻  ( Fig. 4-20 (c)) 

ⱳꜞⱴכ ╩ ⇔⌂™ ≢ ⱪ꜡כⱩ╩ ⇔ Ⱨכ◒ ( )╩

 

ⱪ꜡כⱩ SMF 

ⱪ꜡כⱩ SMF 

 [ ⌐ ∆╢ ] ⱨ꜠Ⱡꜟ (SM- )ⱨ꜠Ⱡꜟ ( -SMF)

(SMF-SMF) 

 

ᵒ-2 ⱳꜞⱴכ (SMF)  ( Fig. 4-20 (d)) 

ⱳꜞⱴכ ╩ⱪ꜡כⱩ ⌐ ◖▪╩ ⇔ Ⱨכ◒ ( )

╩  

ⱪ꜡כⱩ SMF 

ⱪ꜡כⱩ SMF 

[ ⌐ ∆╢ ] ⱨ꜠Ⱡꜟ (SMF- ) ⱨ꜠Ⱡꜟ ( -ⱳꜞⱴכ

) (SMFⱳꜞⱴכ ) (ⱳꜞⱴכ )ⱨ꜠Ⱡꜟ (ⱳ

ꜞⱴכ - ) ⱨ꜠Ⱡꜟ ( -SMF) (ⱳꜞⱴכ - SMF) 

 

ᵒ-3 ⱳꜞⱴכ (SMF )  

 ᵒ-1≢ √ꜞⱨ□꜠fi☻ ≤ᵒ-2≢ √ⱳꜞⱴכ (SMF )─

╩ ∆╢↓≤≢ ─ ╩ ∆╢↓≤⅜≢⅝╢ ↓─ ╩ⱳꜞⱴכ
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(SMF )≤⇔≡ ⇔ 8 ch.─ ╠⅛♃כ♦ ╩ ⇔

√  

 [ ⌐ ∆╢ ]  (SMF-SMF) ⱨ꜠Ⱡꜟ ( -ⱳꜞⱴכ

) (SMF-ⱳꜞⱴכ ) (ⱳꜞⱴכ ) ⱨ꜠Ⱡꜟ (ⱳ

ꜞⱴכ - ) (ⱳꜞⱴכ - SMF) 

 

ᵓ ⱳꜞⱴכ - SMF  

ᵑ-3ᵒ-3≢ ⇔√ ─ ╩ ╘╢↓≤≢ ⱳꜞⱴכ ─

╛ⱨ꜠Ⱡꜟ ≤™∫√╒≤╪≥─ ╩ ∆╢↓≤⅜≢⅝╢ ↓─ ╩ⱳ

ꜞⱴכ -SMF─ ≤⇔≡ ⇔√ ⌂⅔ ↓─ ╘√™ⱳꜞⱴכ

-SMF ⌐╙ ⅜ ↕╣∏⌐ ╕╣≡™╢╙── ™∏╣╙

│╒≤╪≥ ∂⌂™≤ ↕╣╢√╘ ≢⅝╢╙─≤⇔√  

[ ↕╣∏⌐ ╢ ]  (SMF-105 mmF SI-MMF) (SMF-SMF) 

 

 

Fig. 4-20 SMF≤─  

 

 ⅔╟┘ⱨ◊♩▪♪꜠☻ ≢ ⇔√ 2 ─ⱳꜞⱴכ ─ ⌂╢◖▪

╩ ∆╢◖▪⌐ ⇔ ╩ ∫√ ⌂⅔ ─ ≢ ⇔

√ SI ⱳꜞⱴכ ─ │30 mmⱨ◊♩▪♪꜠☻ ≢ ⇔√ GI

ⱳꜞⱴכ ─ │15 mm≤⌂∫≡™╢  

≢ ⇔√ SI ⱳꜞⱴכ ─ⱳꜞⱴכ (SI-

MMF )ⱳꜞⱴכ (SMF ) ─ ╩╙≤⌐ ⇔√ ⱳꜞⱴ

SMF
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1310 nm
105mmF

SI-MMF

Power 
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SMF

8 ch.cores

Laser
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כ - SMF  ╩Fig. 4-21⌐ ∆ ⌂⅔ Fig. 4-21⌐ ╕╣≡™⌂™◖▪

⌐≈™≡│ ⅜ ╘≡ ⅝ↄ ch. ─┌╠≈⅝─ ╩ ⇔⅝╣⌂™√╘

≤⇔√ ╕√ ⱳꜞⱴכ (SI-MMF ) ⱳꜞⱴכ

(SMF ) ⌐≈™≡│ Appendix⌐ ⇔√   

 

 

Fig. 4-21 ≢ ⇔√ SIⱳꜞⱴכ ≤SMF─  

 

 Figure 4-21╟╡ SMF≤─ │ⱴ☻◒ 9 mm≢0.54 dB≢№∫√

≢ ⇔√Fig. 3-23─ ╟╡ ∆╢◖▪│◖▪ 4.8 mm ◖▪ ╖ 4.6 mm≢

№╢↓≤⅜╦⅛∫≡™╢ ⇔√⅜∫≡ Table 4-2≢ ⌐ ⇔√ ╟╡ ◦Ⱶꜙ꜠כ◦ꜛfi

≢│0.10.2 dB─ ⅜ ↕╣╢⅜ ─ ≢│∕╣╩0.4 dB ∫≡

™╢↓≤⅜╦⅛╢ ↓─ ≤⇔≡│ ⅜ ≢⌂⅛∫√↓≤⅜ ⅎ╠╣╢ ⌐

SMF≢ ∆╢ ≢│◖▪ ─ ⌐╟╡ ─ │ ⇔

≢ ╠╣╢ ╩ ↕∑≡⇔╕℮ ≢ Fig. 4-21╟╡ ⱴ☻◒ 9 mm

≢ SMF≤─ │ ╩ ╡ ⅜ 9 mm⅛╠ ⅝ↄ⌂╢ ╙⇔ↄ│ ↕ↄ⌂╢↓≤

≢ │ ⇔≡™╢↓≤⅜╦⅛╢ ↓─ ─ Fig. 4-22⌐Fig. 4-21≤ ∆╢

≢ NFP⅛╠ ╘╠╣╢MFD╩ ∆ Fig. 4-22╟╡ SMF≤─ ™ ╩ ⇔

√◖▪ ≢│ MFD⅜ ≢№╢SMF─9.1 mm≤ ⇔≡⅔╡ ─

⌂╡ ≢ ↕╣╢ ─ ╙ ↄ⌂∫√≤ ⅎ╠╣╢ ╕√ ↓─MFD─

⌐ ⅎ MFD⅜ ≤ ≢ ™ ╩ ⇔≡™╢↓≤⅛╠ NFP⅜ ™

╩ ⇔≡⅔╡ ◖▪╩ ∆╢ SMF≤─ ╣√ ⅜ ⇔√≤ ⅎ╠╣╢  
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Fig. 4-22 ≢ ⇔√ SI ⱳꜞⱴכ ─MFD  

 

 ™≡ ⱨ◊♩▪♪꜠☻ ≢ ⇔√ GI ⱳꜞⱴכ ─ ⌐ ⇔≡╙

SI ≤ ─ ≢ ╩ ⇔√ ⇔√ GI ⱳꜞⱴכ ≤SMF

─ ╩ Fig. 4-23⌐ GI ⱳꜞⱴכ ─ MFD ╩ Fig. 4-24⌐

∆ ╕√ ⌐ ™√ ─ ⌐≈™≡│ Appendix⌐ ⇔√  

 

Fig. 4-23 ⱨ◊♩▪♪꜠☻ ≢ ⇔√ GI ⱳꜞⱴכ ≤SMF ─  

 

0

2

4

6

8

10

12

6 7 8 9 10 11 12 13

M
F

D
 (
m

m
)

Mask aperture width (mm)

hor. ver.

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

3 4 5 6 7 8 9 10 11 12 13 14 15

C
o

u
p

lin
g
 l
o

s
s
 (

d
B

)

Mask aperture width (mm)



 

 

 

4  SiOx ≤◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ ─ ─ⱳꜞⱴכ  

96 

 

Fig. 4-24 ⱨ◊♩▪♪꜠☻ ≢ ⇔√ GI ⱳꜞⱴכ ─MFD  

 

 Figure 4-23╟╡ ⱴ☻◒ 6 mm─ ⌐ 0.14 dB≤ ╘≡ ™ ╩ ⇔≡

™╢ ↓╣│ IEC ≢№╢0.35 dB─ [16]╩ √⇔≡⅔╡ ≢№╢

≤™ⅎ╢ ↓─ │ Appendix⌐ ⇔√ ⌐ ⇔√╟℮⌐ ─

⅜ ↕ↄ ⇔≡ ⅜ ≢⅝≡™╢↓≤ ↕╠⌐│ ⇔√ ⅜≢⅝√↓

≤⅜ ⅝™ ◦Ⱶꜙ꜠כ◦ꜛfi ≤ ∆═ↄ D = 0.6%GI ⱳꜞⱴכ ─

◖▪ ≤ SMF≤─ ─ ╩ Table 4-4⌐ ∆ ⌂⅔ Table 4-2≤ ⌐

Table 4-4 ─ ╩ ∆☿ꜟ╩ ≢Ɫ▬ꜝ▬♩⇔≡™╢  

 

Table 4-4 GI ⱳꜞⱴכ ─◖▪ ▪◖ה ↕≤SMF≤─

@D = 0.6% 

 

 

Table 4-4╟╡ ◖▪ 6 mm ◖▪ ╖5.5 mm─ ─ │0.2 dB≢№╡

⅜ ╩ ╢ ≤⌂∫√ ◦Ⱶꜙ꜠כ◦ꜛfi ╩ ⅜ ╢↓

≤│ ⅎ╠╣⌂™⅜ 3 ≢╙ ═√ ╡ GI ⱳꜞⱴכ ≢│◖▪

⌐ ™ D⅜ ∆╢ ⌐№╡ Table 4-4≤─ ⅜ ∏⇔╙ ⇔ↄ⌂™↓≤⅜ ─

0

2

4

6

8

10

12

14

3 4 5 6 7 8 9 10 11 12 13 14 15

M
F

D
 (
m

m
)

Mask aperture width (mm)

hor. ver.

2 3 4 5 6 7 8 9 10 11 12 13 14 15

2 7.8 4.9 2.2 1.0 0.5 0.3 0.2 0.2 0.5 0.2 0.2 0.2 0.3 0.2

3 5.0 1.4 0.4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3

4 2.5 0.4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3

5 1.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

6 0.7 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

7 0.5 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1

8 0.4 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1

9 0.4 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.0 0.0 0.0

10 0.4 0.2 0.2 0.3 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.0 0.0 0.0

11 0.4 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.0

12 0.5 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1

13 0.5 0.4 0.4 0.4 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.1 0.1 0.1

14 0.6 0.5 0.5 0.5 0.4 0.4 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.2

15 0.6 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.2

D = 0.6 %
Core width (µm)

C
o

re
 h

e
ig
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t (
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m

)



 

 

 

4  SiOx ≤◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ ─ ─ⱳꜞⱴכ  

97 

⌐ ⅜∫√≤ ⅎ╠╣╢ D = 0.4%─ ⌐│ ─ │0.1 dB≢

№╡ ╠╣√ ╩ ∫≡™╢↓≤⅜ ⅛∫√  

 

4.3.3.  SMFǛɆɓɇº ǡ ȱɕɒɜȢ( ) 

ⱳꜞⱴכ ╩ ∆╢ ☼꜠⌐╟╢ ⅜ ↕╣╢ ∕↓≢ ≢│

MFD≤Ⱶ☻▪ꜝ▬ⱷfi♩♩꜠ꜝfi☻─ ╩ ⇔√  

 ⌐ 2≈─ ⅜ ↕╣╢ MFD─Ⱶ☻ⱴ♇♅ ⌐╙ ☼꜠╛ ☼꜠

─ ⌐╟╡ ⅜ ∂╢ ↓╣╠╩ ⇔√ ⱨ□▬Ᵽ ─ h│

(4-10)≢ ↕╣╢[17]╕√ ⌐ ⅜ ∆╢↓≤≢╙ │ ∂╢⅜ ─

╛ ⅝↕ ⌐╟∫≡ ∂╢ ⅜ ⌂╢√╘ ≢│ ⌐™╣≡™⌂™ (4-10)

│●►☻ⱦכⱶ ─ ≢№╡ ●►☻ⱦכⱶ ⌂ ⱦכⱶ⌐─╖ ╡ ≈ l

│ x0│ ☼꜠(Ⱶ☻▪ꜝ▬ⱷfi♩)q │ ☼꜠ z│ ⱨ□▬Ᵽ ─ w1

│ ⱨ□▬ⱣMFD─1/2─ w2│ ⱨ□▬ⱣMFD─1/2─ ╩∕╣∙╣

⇔≡™╢  

 

– = Ὧ Ὡὼὴ Ὧ  ‫ ᾀ  ‫  ὼ—  

Ë = 
 

 

‫ ᾀ  ‫ ρ  
‗ᾀ

“‫
 

 

 ↓↓≢ ☼꜠⅔╟┘ ⱨ□▬Ᵽ ─ ⅜ ™≤ ∆╢≤ (4-10)│ ─ (4-

13)⌐ ≢⅝╢  

 

– = Ὧ Ὡὼὴ  

 

 SMF(MFD:8.2 mm)⅛╠─ ╩●►☻ⱦכⱶ≤╖⌂⇔ SMF ╩ ⇔√ ─Ⱶ☻

▪ꜝ▬ⱷfi♩≤ ⌐≈™≡ (4-13)╩ ™≡ ⇔√ ╩Fig. 4-25⌐ ∆  

 

(4-10) 

(4-11) 

(4-12) 

(4-13) 



 

 

 

4  SiOx ≤◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ ─ ─ⱳꜞⱴכ  

98 

 

Fig. 4-25 SMF ╩ ⇔√ ─Ⱶ☻▪ꜝ▬ⱷfi♩≤ ─  

 

Figure 4-25╟╡ SMF ─ ≢│ 0.5 dB♩꜠ꜝfi☻⅜ 1.5 mm≢№╢↓≤⅜╦⅛

╢  

≈≠™≡ ⇔√ⱳꜞⱴכ ─Ⱶ☻▪ꜝ▬ⱷfi♩♩꜠ꜝfi☻╩ ⌐ ╘√

╩Fig. 4-26⌐ ∆   

 

 

Fig. 4-26 ⱳꜞⱴכ ─Ⱶ☻▪ꜝ▬ⱷfi♩♩꜠ꜝfi☻  

 

 ⅔╟┘ ⱨ□▬Ᵽ⌐│SMF╩ ™√ ╘⌐Ⱨכ◒ ╩ ∫√ ⱨ□▬

Ᵽ╩Ⱨכ◒ ≢0.5 mm∏≈ ⱳꜞⱴכ ─◖▪ ⌐☻♥♇Ⱨfi◓⸗כ♃

╩ ™≡☻◐ꜗfi∆╢↓≤≢ ─ ╩ ⇔ Ⱨכ◒ ⅛╠─ ╩Ⱶ☻▪ꜝ▬

ⱷfi♩ ≤ ⇔√ ⱳꜞⱴכ ≤SMF ≢─Ⱶ☻▪ꜝ▬ⱷfi♩♩꜠ꜝfi☻╩

◖▪ ≢ ⇔√ ╩ ⌐Fig. 4-27Fig. 4-28⌐ ∆ ⌂⅔ Fig. 4-27Fig. 

4-28│ ≤⇔≡ ∕╣∙╣─ ⅔╟┘ ◖▪ ⌐⅔↑╢Ⱶ☻▪ꜝ▬ⱷ

fi♩♩꜠ꜝfi☻─ ╩ ⇔≡⅔╡ ∕╣ ─ ⌐≈™≡│Appendix⌐ ⇔√  
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Fig. 4-27 SIⱳꜞⱴכ ─Ⱶ☻▪ꜝ▬ⱷfi♩♩꜠ꜝfi☻ 

 

 

Fig. 4-28 GI ⱳꜞⱴכ ─Ⱶ☻▪ꜝ▬ⱷfi♩♩꜠ꜝfi☻ 

 

 Figure 4-27 Fig. 4-28╟╡ ⌐ GI ⱳꜞⱴכ ─◖▪ 3 mm≢│ ™Ⱶ☻

▪ꜝ▬ⱷfi♩♩꜠ꜝfi☻╩ ⇔≡™╢↓≤⅜╦⅛╢ ⌐◖▪ ─ 0.5 dB♩꜠ꜝfi

☻╩ ∆╢≤ 3 mm GI ⱳꜞⱴכ │±2 mm≤⌂∫≡⅔╡ Fig. 4-23

Fig. 4-24⌐ ⇔√∕─ ─ ⅜ ∆±1.5 mm╟╡ ⅝™ ↓─ ≤⇔≡ Fig. 4-16

≢ ⇔√ ╡ ↓─◖▪ │ ◖▪◘▬☼╩ ∫≡⅔╡ ◄ⱣⱠ♇☿fi♩ ⅜◒

ꜝ♇♪⌐╕≢ ╖ ⇔≡⅔╡ MFD⅜ ⇔≡™╢↓≤⅜ →╠╣╢ (4-13)≢ ⇔≡™

╢ ╡ ─MFD⅜ ⅝™ ⌐ Ⱶ☻▪ꜝ▬ⱷfi♩⅜ ∂√ ≢№∫≡╙

╩ ≢⅝╢↓≤⅛╠ ™Ⱶ☻▪ꜝ▬ⱷfi♩♩꜠ꜝfi☻⅜ ╠╣√╙─≤ ⅎ╠╣╢

≢ ◖▪ ↕ ≢│™∏╣╙0.5 dB♩꜠ꜝfi☻⅜±1.5 mm≤⌂∫≡⅔╡ ◖▪ ⌐

╟╢ ™⅜ ╠╣≡™⌂™ ↓╣│◖▪ ─ ⌐ ℮ ─ ⅜◖▪ ↕

⌐ ⅎ╢ │ ↕™√╘≤ ⅎ╠╣╢  

 ↓↓≢ ≤⇔≡ⱴ☻◒ 12 mm─SI ⱳꜞⱴכ ─ ─Ⱶ☻▪

ꜝ▬ⱷfi♩♩꜠ꜝfi☻⌐≈™≡ ≢ ╠╣√ ≤ ≢ ╠╣√ ─ ╩ ℮  

Fig. 4-22╟╡ ◖▪⅜ ∆MFD│ ≢9.3 mm≢№╢⅛╠ (4-13)⌐ ∆╢↓≤

≢ ⌂ ─Ⱶ☻▪ꜝ▬ⱷfi♩♩꜠ꜝfi☻⅜ ╠╣╢ ⌂⅔ ⌐ ═√ ╡ (4-

13)│ ◖▪⌐ ⇔≡ ╡ ≈ ≢№╢⅜ ↓↓≢│ ─╖─ ≢№╢↓
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≤⅛╠ ◖▪ ⌐│ ⌐ ╡ ≈╙─≤⇔√ ↓─╟℮⌐⇔≡ ╠╣√ ≤

⌐ ╠╣√Ⱶ☻▪ꜝ▬ⱷfi♩♩꜠ꜝfi☻╩Fig. 4-29⌐ ⌐ ∆  

 

 

Fig. 4-29 SIⱳꜞⱴכ ≤SMF ─Ⱶ☻▪ꜝ▬ⱷfi♩♩꜠ꜝfi☻  

 

Figure 4-29╟╡ ≤ ⅜⅔⅔╗⌡ ⇔≡™╢↓≤⅜╦⅛∫√ ⇔√⅜∫

≡ ◖▪╩ √⌂™ⱳꜞⱴכ ⌐≈™≡╙ ⌐ ╠╣√MFD⅛╠Ⱶ☻▪

ꜝ▬ⱷfi♩♩꜠ꜝfi☻╩ ≢⅝╢↓≤⅜ ↕╣√ ≈╕╡ Fig. 4-26─╟℮⌂☻♥♇Ⱨ

fi◓⸗כ♃╩ ∆╢ ╩ ∑∏≤╙ ◖▪⅛╠─ ╩ ∆

╢↓≤≢ №╢ ─ ≢Ⱶ☻▪ꜝ▬ⱷfi♩♩꜠ꜝfi☻╩ ≢⅝╢↓≤⅜ ⅛∫√  

 

4.3.4.  Ɇɓɇº ǫǡ ɈȢȋɒȍɊɜȱǡ☼  

 4.3.3.⌐≡ ⱳꜞⱴכ ─Ⱶ☻▪ꜝ▬ⱷfi♩♩꜠ꜝfi☻⌐ ∆╢ ╩ ∫√⅜

ⱳꜞⱴכ ⅜◦fi◓ꜟ⸗כ♪≢⌂™ ⱨ□▬Ᵽ≤─Ⱶ☻▪ꜝ▬ⱷfi♩│

ⱳꜞⱴכ ─ ⅜♪כ⸗ ↕╣╢ ⅜№╢ ⌐ ≢ ∆╢ CPO

╩ ⅎ╢≤ ⱳꜞⱴכ ─ │ ↄ ⌐ ⇔√ ╩♪כ⸗

∆╢ ⅜ ™ ≢Ⱶ☻▪ꜝ▬ⱷfi♩⅜ ∂√ ─ ⅜

─ ⌂╢ ⌐♪כ⸗ ∆╢▬ⱷכ☺╩Fig. 4-30⌐ ∆  
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Fig. 4-30 ⅜ ─ ⌐♪כ⸗ ∆╢▬ⱷכ☺ 

 

Figure 4-30≢│ ⌐ ⇔√ ⅜ ─ ⌐♪כ⸗ ⅛╣≡

∆╢ ╩ ⇔≡⅔╡ ─┼♪כ⸗ │ 2 ≢ ═√╟℮⌐ ⌂╡ ≢

╠╣╢ ─0 ( ─▪◖│♪כ⸗( ⌐ Ⱨכ◒╩ ≈─⌐ ⇔ 1

♪♇ꜝ◒-▪◖│≢♪כ⸗ ⌐ 2≈─Ⱨכ◒╩ ∫≡™╢ ⇔√⅜∫≡ ⱨ□

▬Ᵽ≢№╢SMF≤ ⌐Ⱶ☻▪ꜝ▬ⱷfi♩⅜ ∂√ ◖▪ ⌐ Ⱨכ◒╩

≈ ≥♪כ⸗ ⇔ ⌐♪כ⸗ ⌐ ∆╢ ⅜ ╕╢ ⱳꜞⱴכ

─ ─┼♪כ⸗ │ 4.3.1.≢ ⌐ ⇔√ ╡ ─◦fi◓ꜟ⸗כ♪♦Ᵽ▬☻≤

─ ─ ⌐ ⅜ ∆╢ ≤⌂╡℮╢ ∕↓≢ ≢│ ⱳꜞⱴכ ┼─

Ⱶ☻▪ꜝ▬ⱷfi♩⅜ ♪כ⸗ ⌐ ⅎ╢ ╩ ⇔ Ⱶ☻▪ꜝ▬ⱷfi♩⅜ ∂

√ ─ ╩ ∆╢  

╩♪כ⸗  ∆╢ⱳꜞⱴכ ─⸗♦ꜟ≤⇔≡ Table 4-3⌐≡ D = 1%≢SMF≤

─ ╩ ⌐∆╢ ◖▪◘▬☼ 11Ĭ11 mm ─ SI ⱳꜞⱴכ ╩ ⇔√

FIMMWAVE≢ ⇔√D = 1%◖▪◘▬☼11Ĭ11 mm ─SIⱳꜞⱴכ ─ ⸗

╩♪כ Fig. 4-31⌐ ∆ Fig. 4-31≢│ ⅜♪כ⸗ ∆ ⅜ ™ ⌐ ─♪כ⸗

╩ ⇔ ╕√ ⇔√ │≡™≈⌐♪כ⸗ ∂ ─ ≡⇔≥♪כ⸗ ∫√

⌂⅔ ⌐│D = 1%◖▪◘▬☼11Ĭ11 mm ─SIⱳꜞⱴכ │3 ─

╙♪כ⸗ ⇔≡™╢⅜ ⌐ ∆╢ SMF≤─ ⌐⅔™≡ 3 ─ │♪כ⸗

─ ⅜ ╠╣⌂⅛∫√√╘ ↓↓≢│ ⇔√  
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Fig. 4-31 D = 1%◖▪◘▬☼11Ĭ11 mm ─SIⱳꜞⱴכ ─  ♪כ⸗

 

™≡ Fig. 4-32⌐ ⇔√◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ╩ ⇔ ⱨ□▬Ᵽ≢№╢SMF

≤─Ⱶ☻▪ꜝ▬ⱷfi♩╩ ↕∑√≤⅝⌐ ⱳꜞⱴכ ─ ⌐♪כ⸗(0)

↕╣╢ ─ ╩ ⇔√ ≢│ Fig. 4-32─ (x) ─╖⌐SMF╩Ⱶ☻▪

ꜝ▬ⱷfi♩↕∑√ ⌐ⱳꜞⱴכ ─ ⌐♪כ⸗ ↕╣╢ ─ ╩ Fig. 

4-33≤⇔≡ ∆⅜ (y) ╙ ⇔√ 2 ⌐Ⱶ☻▪ꜝ▬ⱷfi♩╩ ⅎ√ ─

┤╢╕™⌐≈™≡│Appendix⌐ ⇔√  

 

 

Fig. 4-32 ◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ 
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Fig. 4-33 Ⱶ☻▪ꜝ▬ⱷfi♩≤ⱳꜞⱴכ ─ ─┼♪כ⸗ ─

 

 

 Figure 4-33╟╡ Ⱶ☻▪ꜝ▬ⱷfi♩⅜ ↕™ ⌐│ⱳꜞⱴכ ─ כ⸗

♪┼─ ⅜ ≢№╢─⌐ ⇔ Ⱶ☻▪ꜝ▬ⱷfi♩⅜ ⅝ↄ⌂╢⌐≈╣≡ כ⸗

♪┼─ ⅜ ⇔ ─┼♪כ⸗ ⅜ ⇔≡™ↄ ⅜ ≢⅝√ ≈≠

™≡ Ⱶ☻▪ꜝ▬ⱷfi♩⅜ ∂√ ─ SMF⅛╠ⱳꜞⱴכ ┼♪כ⸗

─ ╩Fig. 4-34⌐╕≤╘√  

 

 

Fig. 4-34 Ⱶ☻▪ꜝ▬ⱷfi♩≤ⱳꜞⱴכ ─┼♪כ⸗ ─  
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 ↕≡ 4.3.3.≢╙ ═√╟℮⌐ Ⱶ☻▪ꜝ▬ⱷfi♩⌐╟╢ │0.5 dB⅜ ≤⌂╢

Fig. 4-34╟╡ Ⱶ☻▪ꜝ▬ⱷfi♩⅜1.5 mm≤⌂╢ ≢ ⅜ 0.5 dB≤⌂∫≡™╢

↓≤⅜╦⅛╢ ∕↓≢ Ⱶ☻▪ꜝ▬ⱷfi♩⅜1.5 mm ─ ⌐ ⇔≡Fig. 4-33╩ ╘

≡ ∆╢≤ ╙ ─┼♪כ⸗ ⅜ ™Ⱶ☻▪ꜝ▬ⱷfi♩(x = 1.5 mm)≢╙

│91 %≤ ™↓≤⅜╦⅛╢ ≈╕╡ Ⱶ☻▪ꜝ▬ⱷfi♩ ╩0.5 dB

⌐ ⅎ√ ⌐│ ⱳꜞⱴכ ─ ─┼♪כ⸗ │ ≢№╢↓≤⅜

⇔√  

 ─ ╟╡ Ⱶ☻▪ꜝ▬ⱷfi♩ ⅜ 0.5 dB≤⌂╢ ≢│ ⱳꜞⱴכ

┼─ Ⱶ☻▪ꜝ▬ⱷfi♩⅜ ♪כ⸗ ⌐ ⅎ╢ │ ↕ↄ כ⸗

♪┼─ ⅜ ≢№╢↓≤╩ ⇔√ ≢ ─ ≢│ⱳꜞⱴכ ─

╣(◖▪-◒ꜝ♇♪ ╣ ♪כ⸗╢╟⌐( ─ │ ↕╣≡™⌂™ ╕√

─∏╣(♅ꜟ♩)╙ⱳꜞⱴכ ♪כ⸗─ ⌐ ╩ ⅎ╢ ⇔√⅜∫≡ ⱳꜞ

ⱴכ ⌐│ ♪כ⸗ ╩ ∆╢√╘⌐╙ ⌂ ⅜ ╘╠╣╢

↓≤⅜ ╘≡ ╠⅛≤⌂∫√  

 

4.4. SiOx -Ɇɓɇº  לּ 

4.4.1.  SiOx ǛɆɓɇº ǡ ( ) 

SMF≤─ ⌐ ⅝ SiOx ≤ⱳꜞⱴכ ─ ╩ ∆

═ↄ ╕∏│◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╢ ╩ ∫√ ⌐ ⇔≡─ │4.3.1.≤

≤⇔ ◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ│Fig. 4-6⌐ ⇔√⸗♦ꜟ─ ─SMF╩SiOx

≤⇔√╙─≤⇔√ ╕√ Lcon.│ (4-8)≢ ⇔ ⅝ ⅝ⱳꜞⱴכ

─┼♪כ⸗ ─╖╩ ⇔√  

4.3≢ ™√ ≤ ⌐ ╕∏ⱳꜞⱴכ ─D╩ ⇔ ◖▪ ≤◖▪ ↕╩

↕∑≡ SiOx ≤─ ╩ ⇔√ ∕─ ∆═≡─D (0.1 ~ 2%)⌐ ⇔≡

╩ ⇔ ⌂╢ D⌐ ⇔≡ ⌂◖▪ ╩ ⇔√ ─

╩ Fig. 4-35⌐╕≤╘√ ⌂⅔ SiOx ≤─ ╩ ∆ⱳꜞⱴכ ─

◖▪ ⌐≈™≡│Appendix⌐ ⇔√  
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Fig. 4-35 ⱳꜞⱴכ ◖▪ ─D≤ ─  

 

Figure 4-35╟╡ ⱳꜞⱴכ -SiOx ─ ─ │ Fig. 4-8⌐ ⇔√ 

SMF≤─ ≤ ⇔≡ ⌐ ™↓≤⅜ ↕╣√ ↓─ ™ │ⱳꜞⱴ

כ ≤ SiOx ⌐♅♇Ⱶ☻ⱴ♪ꜟכ▫ⱨ♪כ⸗─ ⇔≡™╢ ⇔

√SiOx │ Fig. 4-4⌐ ⇔√ ╡ D⅜3.9%≤ ↄ ◖▪◘▬☼⅜3 mm ≢№∫

≡╙◖▪ ⌐ ⅜ ⌐ ∂ ╘╠╣≡™╢(Table 4-1 )∕─√╘ ≤⌂╢ⱳ

ꜞⱴכ ╙ ─ ∂ ╘⅜ ╘╠╣╢⅜ ⱳꜞⱴכ ─D│

─ ≢╙ 2.0%≢№╡ ╩♅♇Ⱶ☻ⱴ♪ꜟכ▫ⱨ♪כ⸗─ ∆╢⌐│ ╠⌂™

⌐ ─ ∂ ╘│D⅜ ↕ↄ⌂╢⌐≈╣≡ ↄ⌂╢√╘ Fig. 4-12Fig. 4-13Fig. 4-14≢

∆≢⌐ ⇔√╟℮⌐ ◖▪◘▬☼≢│◄ⱣⱠ♇☿fi♩ ⅜◒ꜝ♇♪ ╕≢ ⅜∫≡⇔

╕℮ ⇔√⅜∫≡  Fig. 4-35⌐ ↕╣≡™╢╟℮⌐ 1.0% ─ D ≢│SiOx

≤─MFD─ ⌐ ⅜№╡ │1 dB ≤ ⅝ↄ⌂╢

ⱳꜞⱴכ ─D⅜ ∆╢↓≤≢ SiOx ─D = 3.9%⌐ ↄ√╘

╙ ⇔≡™ↄ ⌐№╢ ∕↓≢ SiOx ≤─ ╩ ∆≤⅝─ ⱳ

ꜞⱴכ ◖▪ (◖▪ ◖▪ ↕ D)≤ ∕─ ≢ ↕╣╢

╩ ╦∑≡Fig. 4-36⌐╕≤╘√  
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Fig. 4-36 ◖▪ SiOx ≤─ ─  

 

Figure 4-36╟╡ D = 2.0%≢╙ │0.25 dB≤ SMF≤─ ≤ ⇔≡

™ ╩ ⇔≡™╢↓≤⅜╦⅛╢ ╟╡ ꜞfi◒ ⌐ⱳꜞⱴכ ╩ ⇔√

⌐│ SMF≤─ ╟╡╙SiOx ≤─ ⅜ ꜡☻Ᵽ☺▼♇♩≤™℮

≢│ ⅜ ⅝™↓≤⅜ ↕╣√  

 

4.4.2.  SiOx ǛɆɓɇº ǡ ( ) 

ⱳꜞⱴכ ≤ SiOx ─ │ SiOx ─ ⅜ ≢№╢

√╘ ≢─▪ⱪ꜡כ♅│ ≢№∫√ ∕↓≢ ≢│ SiOx ≤ ™ ╩

∆╢ ⱨ□▬Ᵽ╩ ⇔ ∕─ ⱨ□▬Ᵽ≤─ ╩ ≢ ∆╢↓≤≢ SiOx

≤─ ╩ ∆╢↓≤≤⇔√  

™◖▪-◒ꜝ♇♪ ─ ╩ ∆╢◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ≤⇔≡ ↕╣≡™

╢UHNA (Ultra-High NA)◦ꜞ[18]☼כ─ ╩ Table 4-5⌐SiOx Ɽꜝⱷכ♃

╩ ⇔≡╕≤╘√  

 

Table 4-5 SiOx ≤ ™ ╩ ≈◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ─Ɽꜝⱷכ♃  

 

 

SiOx SI Horizontal GI Square GI

SiOx

3ú3 mm 3ú3 mm 4ú3 mm 4ú4 mm

SiOx 0.25 dB 0.32 dB 0.42 dB

D=3.9 % D=2.0 % D=2.0 % D=2.0 %

SiOx Waveguide

MFD

Component

Cross-sectional

image

3.1ɛm

3 ɛm

3
 ɛ
m

D 3.9%

UHNA1

4.0ɛm

2.5 ɛmū

1.8%

@1310 nm
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 Table 4-5╟╡ UHNA1ⱨ□▬Ᵽ( UHNA1≤ ∆╢)│◖▪ ⅜ ≤ ≤

™℮ ™│№╢╙── D⅔╟┘MFD─ ≢SiOx ⌐ ™ ╩ ⇔≡™╢↓≤

⅜╦⅛╢ ∕↓≢ ≢│ SiOx ─ ≤⇔≡UHNA1╩ ⇔ ─

╩ ℮↓≤≤⇔√  

UHNA1≤─ ╩ ∆╢√╘⌐ SMF≤─ ≤ ⌐ ╩ ⇔

√  4.3.2.≢ ⇔√SMF ≤ ∆╢ ⅜ ™√╘ UHNA1≤─

─ ⌐≈™≡│Appendix⌐ ⇔√  

≢ ⇔√ SI ⱳꜞⱴכ ─ ╩╙≤⌐ ⇔√  

ⱳꜞⱴכ - UHNA1  ╩Fig. 4-37⌐ ∆ ╕√ ⌐ ™

√ ─ ⌐≈™≡│ Appendix⌐ ⇔√  

 

 

Fig. 4-37 ≢ ⇔√ SI ⱳꜞⱴכ ≤UHNA1─  

  

Figure 4-37╟╡ Fig. 4-21≢ ⇔√SMF≤─ ≤ ⇔ ⅛⌂╡ ⅝⌂

╩ UHNA1⌐ ⇔≡ ⇔≡™╢↓≤⅜╦⅛╢ ↓╣│ ─ ╡ MFD─ ⅝⌂Ⱶ☻ⱴ

♇♅⅜ ≢№╢≤ ⅎ╠╣╢ ╕√ ⱴ☻◒ 10 mm─ ⌐ ⅜ ╩ ╡

∕─ │1.84 dB≢№╢↓≤⅜╦⅛╢ Fig. 3-23─ ╟╡ ∆╢◖▪│◖▪

6.0 mm ◖▪ ╖ 5.1 mm≢№∫√ ∕↓≢ ⌂╠┘⌐UHNA1─Ɽꜝⱷכ♃╩

⇔≡◦Ⱶꜙ꜠כ◦ꜛfi≢ ─ ╩ ╘√≤↓╤ 1.55 dB≢№╡ ⅔⅔╗⌡

≤ ⇔√ ⅜ ╠╣≡™╢↓≤⅜ ≢⅝√  

™≡ ⱨ◊♩▪♪꜠☻ ≢ ⇔√ GI ⱳꜞⱴכ ─ ⌐ ⇔≡╙

SI ≤ ─ ≢ ⇔√ ╩Fig. 4-38⌐ ⇔ ⌐ ™√

⌐≈™≡│Appendix⌐ ⇔√  
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Fig. 4-38 ⱨ◊♩▪♪꜠☻ ≢ ⇔√ GI ⱳꜞⱴכ ≤UHNA1─

 

  

GI ⱳꜞⱴכ ≢│ⱴ☻◒ 7 mm─ ⌐ ⅜ ╩ ╡ ∕─

│1.47 dB≢№╢ ≢ ≢№╢D = 0.6%─ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ╠╣√

─ │1.09 dB≢№∫√ ─ ╡ GI ⱳꜞⱴכ ─ ◖▪

≢─D ╩ ⇔ D = 0.4%≤⇔≡ ∆╢≤1.65 dB≤⌂╡ ╟╡ ⌐ ™

⅜ ╠╣√ ↓─╟℮⌐ SiOx ╩ ⇔√ UHNA1≤─ ─ │◦

Ⱶꜙ꜠כ◦ꜛfi ≤⅔⅔╗⌡ ⇔≡™╢↓≤⅜ ⇔√ ╕√ SMF≤ ⇔≡

UHNA1≤─ ⅜ ⅝™↓≤⅛╠ ─ ꜞfi◒⌐⅔™≡╙ SiOx ≤─

⅜ꜞfi◒꜡☻Ᵽ☺▼♇♩⌐ ⅎ╢ ⅜ ⅝ↄ⌂╢↓≤⅜ ↕╣√  

 

4.5. Ɇɓɇº ǡ  

4.5.1.  Ɇɓɇº ǛSMF¢SiOx ǡ ǡ  

 ↓╣╕≢─ ╩╙≤⌐ ⇔≡™√SMF≤SiOx ─ ⌐ⱳꜞⱴכ

╩ ⇔√ ⌐ ∂╢ ╩ ⇔√ ⌐│ 4.3.4.4.≢

SMF ⌂╠┘⌐ SiOx ⌐ ⇔≡ ⌐ ⇔√ ╩ ™╢ ⌂⅔ ⌐

⇔√ │ ≤╙⌐ ♪כ⸗ ─ ─╖╩ ⇔≡⅔╡ כ⸗

♪ ≢│ ≤ ╩ ╣ ⅎ≡╙ │ ≢№╢ ⇔√⅜∫≡ ⱳꜞⱴכ

≢─ │ ⌐ ╦╠∏ ⌐ ⇔√ ─ ─

≤⇔≡ ℮↓≤⅜≢⅝╢ ↓─ ╩╙≤⌐ ─ ╩ ╘╢  

Figure 4-8 Fig. 4-35╟╡ ╩ ∆ⱳꜞⱴכ ─◖▪ (◖▪ ◖

▪ ╖)│ ⱳꜞⱴכ ─D╛ │╙∟╤╪ ∆╢ ⌐╟∫≡ ⌂

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3 4 5 6 7 8 9 10 11 12 13 14 15

C
o

u
p

lin
g
 l
o

s
s
 (

d
B

)

Mask aperture width (mm)



 

 

 

4  SiOx ≤◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ ─ ─ⱳꜞⱴכ  

109 

╢↓≤⅜ ⇔≡™╢ ∕─√╘ ⱳꜞⱴכ ─ ╩ ∆╢√╘

⌐│ⱳꜞⱴכ ╩ ∆╢ ≢◖▪◘▬☼⅜ ∆╢ SSC ─ ⌐╟

∫≡ │ ⅝ↄ ∆╢↓≤⌐⌂╢ ≢ ⇔√ⱳꜞⱴכ ─

≢№╢ⱨ◊♩ꜞ♁◓ꜝⱨ▫ ⱨ◊♩▪♪꜠☻ │™∏╣╙ⱨ◊♩ⱴ☻◒─ ≢ ╕

√ ▬fiⱪꜞfi♩ ─♪ꜟכ⸗│≢ ⌐╟∫≡◖▪ │ ⌐ ≢№╢↓≤

⅛╠ ⌐ ⇔√ⱪ꜡☿☻≢№╢≤ ⅎ╢ ≢ ↓╣╠─ ⱪ꜡☿☻≢

│ ◖▪ ╖│☻Ⱨfi◖כ♩ ─ ≢ ↕╣╢√╘ ◖▪╩ ↕ ⌐ ⌐

↕∑╢↓≤│ ≢№╢ ╕√ D│ⱳꜞⱴכ ─ ⌐╟╡

⌐ ╕╢ ≢№╡ ≢ ─ ╩≤╢ ∕↓≢ ≢│ ⱳꜞⱴכ ─

D⅔╟┘◖▪ ↕╩ ⇔ ◖▪ ╩ ⌐ ↕∑╢↓≤≢ ⱳꜞⱴכ ─

╩ ≢⅝╢◖▪ ╩ ∆╢↓≤≤⇔√   

 

4.5.2.  Ɇɓɇº ǛSMF¢SiOx ǡ (SSC ) 

╕∏│╟╡ ⌂ ≢№╢ SSC ╩ ⇔⌂™ ≢ ⌂◖▪ ╩ ∆╢

ⱳꜞⱴכ ⌐ ⇔≡SMF⌂╠┘⌐SiOx ≤─ ╩ ∆╢  

ⱳꜞⱴכ ≤ SMF⅔╟┘ SiOx ─ ─ ╩ ≤∆╢

╩ ─ ≢ ∆╢  

ᵑ ⱳꜞⱴכ ─D ◖▪ ↕╩ ⇔ SMF⅔╟┘SiOx ≤─

╩ ⇔ ⅜ ≤⌂╢ ≤∕─ ╩ ∆◖▪ ╩  

ᵒ D◖▪ ↕╩ ↕∑≡ ⌂╢ ⌐⅔↑╢ ╩ ⇔ ⅜

≤⌂╢ ≤∕─ ╩ ∆◖▪ ╩ ≤⇔≡  

 

≤⇔≡ D = 0.7%◖▪ ↕5 mm─ⱳꜞⱴכ ≤ ≤─

╩Table 4-6⌐ ∆  

 

Table 4-6 D = 0.7%◖▪ ↕5 mm─ⱳꜞⱴכ ≤SMF SiOx ≤─ 

 

 

Table 4-6╟╡ ◖▪ 4 mm≢ ⅜ ╩≤╡ 2.36 dB≢№╢↓≤⅜╦⅛

╢ ↓─ ╩∆═≡─D ⌂╠┘⌐◖▪ ↕⌐ ⇔≡ ∆╢↓≤≢ ⱳꜞⱴכ

⅜ ╡ ╢ ╩ D ◖▪ ↕⌐ ⇔≡╕≤╘╢↓≤⅜≢⅝╢ ↓─╟℮⌐⇔≡

╕≤╘√ ⱳꜞⱴכ ≤ SMF SiOx ≤─ ╩ ⌐

Table 4-7 4-9⌐╕≤╘√ ⌂⅔ ⌐ ∆ ╩╕≤╘√Table≢│ ⌂

D = 0.7 %

 = 5 mm 2 3 4 5 6 7 8 9 10 11 12 13 14 15

SMF 0.18 0.37 0.48 0.49 0.45 0.41 0.37 0.35 0.35 0.37 0.40 0.44 0.50 0.57

SiOx 2.78 2.00 1.88 1.97 2.15 2.38 2.64 2.89 3.14 3.39 3.64 3.88 4.10 4.32

2.96 2.38 2.36 2.46 2.60 2.79 3.01 3.24 3.49 3.76 4.04 4.32 4.60 4.89

(mm)

(dB)
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╩ ∆ ≤⇔≡ 1.5 dB╩ ∆◖▪ ╩ 1.5 dB⅛≈4.2.4.

≢ ⇔√ ꜞfi◒≢ⱳꜞⱴכ ⌐ ↕╣╢ 2.4 dB╩ ∆◖▪ ╩

2.4 dB⅛≈ⱨ꜠Ⱡꜟ ╩ ⇔√ ⌐ ↕╣╢ 3.1 dB╩ ∆◖

▪ ╩ 3.1 dB╩ ∆◖▪ ╩ ≢ ⇔≡™╢ ╕√ Table 4-7 4-9≢

⇔√ ╩ ∆ ⱳꜞⱴכ ─◖▪ ⌐≈™≡│Appendix⌐

⇔√  

 

Table 4-7. SIⱳꜞⱴכ ─  

 

 

Table 4-8. GI ⱳꜞⱴכ ─  

 

 

Table 4-9. GI ⱳꜞⱴכ ─  

 

 

 Table 4-7 Table 4-8 Table 4-9─ ⌐╟╡ ⱳꜞⱴכ ─ ⌐╟∫≡

⅜ ∆ ( )⅜ ⅝ↄ ⌂∫≡™╢↓≤⅜╦⅛╢

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

2 10.0 7.6 6.8 5.8 4.5 3.6 3.0 2.6 2.4 2.2 2.1 2.0 2.0 2.0 2.0 1.9 2.0 2.0 2.1 2.2

3 15.9 8.7 5.7 4.1 3.3 2.7 2.4 2.2 2.1 2.0 2.0 1.9 1.9 1.9 2.0 2.1 2.2 2.3 2.5 2.6

4 13.2 7.1 4.7 3.5 2.9 2.5 2.3 2.1 2.1 2.1 2.0 2.0 2.1 2.1 2.2 2.3 2.4 2.5 2.6 2.7

5 11.5 6.3 4.4 3.4 2.8 2.5 2.4 2.2 2.2 2.2 2.2 2.2 2.2 2.3 2.4 2.5 2.6 2.7 2.7 2.7

6 10.6 6.0 4.3 3.4 2.9 2.7 2.5 2.4 2.4 2.4 2.4 2.4 2.4 2.5 2.6 2.6 2.7 2.7 2.7 2.7

7 10.0 5.9 4.3 3.5 3.1 2.8 2.7 2.6 2.6 2.6 2.6 2.6 2.6 2.7 2.7 2.7 2.7 2.7 2.8 2.8

8 9.6 5.9 4.4 3.7 3.3 3.0 2.9 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.9 2.9 2.9 2.9 2.9 2.9

9 9.5 5.9 4.6 3.9 3.5 3.3 3.2 3.1 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.1 3.1 3.1 3.1

10 9.4 6.1 4.8 4.1 3.8 3.5 3.4 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3

11 9.4 6.2 5.0 4.4 4.0 3.8 3.7 3.6 3.6 3.6 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

12 9.4 6.4 5.3 4.7 4.3 4.1 4.0 3.9 3.9 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8

13 9.5 6.7 5.5 4.9 4.6 4.4 4.3 4.2 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1

14 9.7 6.9 5.8 5.2 4.9 4.7 4.5 4.5 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4

15 9.8 7.1 6.0 5.5 5.1 4.9 4.8 4.8 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7

C
o

re
 h

e
ig

h
t 

(µ
m

)

Lowest

coupling loss

(dB)

D (%)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

2 10.4 7.7 6.5 6.0 4.9 4.0 3.3 2.9 2.6 2.4 2.2 2.1 2.1 2.0 2.0 2.0 2.0 2.0 2.1 2.0

3 18.2 9.7 6.2 4.5 3.6 2.9 2.6 2.3 2.2 2.1 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.1

4 15.5 7.7 5.1 3.9 3.1 2.7 2.4 2.2 2.1 2.1 2.1 2.0 2.1 2.1 2.1 2.1 2.1 2.1 2.2 2.3

5 13.3 6.8 4.7 3.6 3.0 2.7 2.4 2.3 2.3 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.3 2.3 2.4 2.5

6 11.8 6.4 4.6 3.6 3.1 2.8 2.6 2.5 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.5 2.5 2.6 2.6

7 10.9 6.3 4.6 3.7 3.2 2.9 2.8 2.7 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6

8 10.4 6.2 4.7 3.9 3.4 3.2 3.0 2.9 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8

9 10.1 6.3 4.8 4.1 3.7 3.4 3.2 3.1 3.1 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.9 2.9 2.9 2.9

10 9.9 6.4 5.0 4.3 3.9 3.6 3.5 3.4 3.3 3.3 3.3 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.1

11 9.9 6.6 5.3 4.6 4.2 3.9 3.7 3.6 3.6 3.5 3.5 3.5 3.5 3.5 3.5 3.4 3.4 3.4 3.4 3.4

12 9.9 6.8 5.5 4.8 4.4 4.2 4.0 3.9 3.9 3.8 3.8 3.8 3.8 3.7 3.7 3.7 3.7 3.7 3.7 3.7

13 10.0 7.0 5.7 5.1 4.7 4.5 4.3 4.2 4.2 4.1 4.1 4.1 4.0 4.0 4.0 4.0 4.0 4.0 3.9 3.9

14 10.1 7.2 6.0 5.4 5.0 4.7 4.6 4.5 4.4 4.4 4.4 4.4 4.3 4.3 4.3 4.3 4.3 4.3 4.2 4.2

15 10.2 7.4 6.3 5.6 5.3 5.0 4.9 4.8 4.7 4.7 4.7 4.6 4.6 4.6 4.6 4.6 4.6 4.5 4.5 4.5

C
o

re
 h

e
ig

h
t (

µ
m

)

Lowest

coupling loss

(dB)

D (%)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

2 10.6 6.8 5.3 4.5 4.0 3.7 3.4 3.3 3.1 3.0 2.8 2.6 2.4 2.3 2.2 2.1 2.1 2.0 2.0 2.0

3 282.9 14.3 9.0 6.4 5.0 4.0 3.4 2.9 2.6 2.4 2.2 2.1 2.1 2.0 2.0 2.0 2.0 2.0 2.0 2.0

4 19.2 11.0 7.0 5.1 4.0 3.3 2.8 2.5 2.3 2.2 2.1 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

5 17.4 9.1 6.0 4.5 3.6 3.0 2.6 2.4 2.2 2.1 2.1 2.0 2.0 2.0 2.0 2.1 2.0 2.0 2.0 2.1

6 15.7 8.0 5.5 4.1 3.4 2.9 2.6 2.4 2.2 2.2 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.2

7 14.3 7.4 5.2 4.0 3.3 2.8 2.6 2.4 2.3 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.3

8 13.2 7.1 5.0 3.9 3.3 2.9 2.6 2.4 2.3 2.3 2.2 2.2 2.2 2.2 2.3 2.2 2.3 2.3 2.3 2.4

9 12.4 6.8 4.9 3.9 3.3 2.9 2.7 2.5 2.4 2.4 2.3 2.3 2.3 2.3 2.4 2.3 2.3 2.4 2.4 2.4

10 11.7 6.7 4.9 3.9 3.3 3.0 2.7 2.6 2.5 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4

11 11.3 6.6 4.9 4.0 3.4 3.1 2.8 2.7 2.6 2.5 2.5 2.5 2.5 2.5 2.4 2.4 2.4 2.4 2.4 2.4

12 11.0 6.6 5.0 4.1 3.5 3.2 2.9 2.8 2.7 2.6 2.6 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

13 10.7 6.6 5.0 4.1 3.6 3.3 3.0 2.9 2.8 2.7 2.6 2.6 2.6 2.6 2.5 2.5 2.5 2.5 2.5 2.5

14 10.6 6.7 5.1 4.2 3.7 3.4 3.1 3.0 2.9 2.8 2.7 2.7 2.7 2.6 2.6 2.6 2.6 2.6 2.5 2.5

15 10.5 6.7 5.2 4.3 3.8 3.5 3.2 3.1 3.0 2.9 2.8 2.8 2.7 2.7 2.7 2.6 2.6 2.6 2.6 2.6

D (%)

C
o

re
 h

e
ig

h
t 

(µ
m

)

Lowest

coupling loss

(dB)

©2024 Optica  

©2024 Optica  

©2024 Optica  
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⅜2.4 dB╩ ╢☿ꜟ( ) ╩ ⅎ╢≤ SI │46 GI

│53 GI ≢│92≢№╡ GI ◖▪│SI ≤ ⇔≡ ⅝™↓≤⅜ ⇔√ ↓

╣│ⱳꜞⱴכ ≢─ ⅜ ⱳꜞⱴכ ─◖▪◘▬☼ ⌂╠┘⌐

D─ ⌐ ⇔≡ ™♩꜠ꜝfi☻╩ ∆↓≤╩ ⇔≡™╢ ╕√ GI ╟╡╙↕╠

⌐ ⅝⌂♩꜠ꜝfi☻╩ GI ◖▪⅜ ⇔≡™╢↓≤⅛╠ GI │ ♩꜠ꜝfi☻─ ≢

SI ⌐ ≢№╢↓≤⅜ ⅛∫√ ↓╣│ ─ ╡ GI ◖▪─MFD⅜SI ≤ ⇔

≡ ◖▪◘▬☼ D─ ⌐ ≢№╢√╘≤ ⅎ╠╣╢  

 ≢ 1.5 dB╩ ╢ ( )│ ™∏╣─ ≢╙ ⇔≡⅔╠

∏ SSC ╩ ⇔⌂™ⱳꜞⱴכ ≢│ ⌐ ⅜№╢↓≤⅜ ╠⅛≤⌂

∫√  

 

4.5.3.  Ɇɓɇº ǛSMF¢SiOx ǡ (SSC ) 

≈≠™≡ SSC ╩ ⇔√ ≢ ⌂╢◖▪ ╩ ∆╢ⱳꜞⱴכ ⌐≈™≡

╩ ∫√ ⌐│ ⱳꜞⱴכ ─D ◖▪ ↕╩ ⇔√ ≢ SMF⌂╠

┘⌐ SiOx ≤─ ⅜ ≤⌂╢◖▪ ╩∕╣∙╣ ⇔ ∕─ ≢─

─ ─ ╩ ⇔√ ↓─≤⅝ ⱳꜞⱴכ ⱪ꜡☿☻─ ≢№╢◖

▪ ─ ╩ ⅛⇔ ◖▪ ⅜ ≢ ⌂∫≡╙╟™≤∆╢ ≢ ╘√

─ ≤ Fig. 4-5≢ ⇔√ⱳꜞⱴכ ⌐ ↕╣╢ ╩ ∆╢↓

≤≢ ⱳꜞⱴכ ─ ꜞfi◒ ⅜ ⅎ╢ ≢─ⱷꜞ♇♩⌐≈™≡ ∆

╢  

⌂⅔ SSC│ ⌐◖▪ ╩ Ɽכ♥╢∆ ≢ ∆╢⅜ Ɽכ♥ ⅜ ⌂

⅜♪כ⸗ ⌐ ⇔ ⌂ ⅜ ╠╣∏ ⅜ ∂╢ ⅜№╢

♪כ⸗─↓ ⌐ ℮ │ ⌐ ╣≡™⌂™ ⱳꜞⱴכ Ɽכ♥─ ╩

∆╢√╘⌐│ Ɽכ♥₈ ─ ₉≤₈ - ─ ₉⅜ →╠╣╢⅜ כ♥

Ɽ ─ │♦Ᵽ▬☻◘▬☼┼─ ⅜ ↕╣╢√╘ - │

─ ─ ≈≤ ⅎ╠╣╢  

 ─╙≤ ⱳꜞⱴכ ≤SMF⅔╟┘SiOx ─ ─ ╩

≤∆╢ ╩ ─ ≢ ∆╢  

ᵑ ⱳꜞⱴכ ─D ◖▪ ↕╩ ⇔ SMF⅔╟┘SiOx ≤─ ⅜

≤⌂╢◖▪ ╩  

ᵒ ŋ ≢ ⇔√◖▪ ≢─ⱳꜞⱴכ ─ ─ ╩  

ᵓ D◖▪ ↕╩ ↕∑≡ ⌂╢ ⌐⅔↑╢ ╩ ⇔ ⅜

≤⌂╢ ≤∕─ ╩ ∆◖▪ ╩ ≤⇔≡  

∕╣∙╣─ ☻♥♇ⱪ╩ ⌐ ∆╢  

 

ᵑ ⱳꜞⱴכ ─D ◖▪ ↕╩ ⇔ SMF⅔╟┘SiOx ≤─ ⅜
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≤⌂╢◖▪ ╩  

 │∂╘⌐ ⱳꜞⱴכ ─D ◖▪ ↕╩№╢ ≢ ⇔ ◖▪ ╩ ⌐ ↕∑

√≤⅝─SMF≤─ ⌂╠┘⌐SiOx ≤─ ╩∕╣∙╣ ∆╢

≤⇔≡ D = 0.7%◖▪ ↕5 mm─ⱳꜞⱴכ ≤ ≤─

╩Table 4-10⌐ ∆  

 

Table 4-10 D = 0.7%◖▪ ↕5 mm─ⱳꜞⱴכ ≤SMF SiOx ≤─ 

 

 

 

ᵒ ŋ ≢ ⇔√◖▪ ≢─ ⱳꜞⱴכ ─ ─ ╩  

 Table 4-10╟╡ SMF≤─ ╩ ≤∆╢◖▪ │2 mm≢№╡ ∕─ ─

│0.18 dB≢№╢↓≤⅜╦⅛╢ ⌐ SiOx ≤─ ╩ ≤∆╢◖▪

│4 mm≢№╡ ∕─ ─ │1.88 dB≢№╢ ⇔√⅜∫≡ D = 0.7%─ⱳꜞⱴכ

─ ≢ ◖▪ ╩ ⇔√ ─ │0.18 dB + 1.88 dB─2.06 dB≤

∆╢↓≤⅜≢⅝╢  

 

ᵓ D ◖▪ ↕╩ ↕∑≡ ⌂╢ ⌐⅔↑╢ ╩ ⇔  

ᵑ ᵒ─ ╩∆═≡─D ⌂╠┘⌐◖▪ ↕⌐ ⇔≡ ∆╢↓≤≢ ⱳꜞⱴכ

⅜ ╡ ╢ ╩ D ◖▪ ↕⌐ ⇔≡╕≤╘╢↓≤⅜≢⅝╢ ⌐D

⌐◖▪ ↕≤⇔ ⱳꜞⱴכ ≢ ⌂◖▪ ╩ ⇔√ ⌐ ↕╣╢

─ ╩Table 4-11⌐ ∆ ╕√ ─ ╩ GI GI ⱳꜞⱴכ

⌐ ⇔≡╙ ∆╢↓≤≢ ╠╣√ ╩ Table 4-12Table 4-13⌐∕╣∙╣ ⇔√

⌂⅔ Table 4-114-13≢ ⇔√ ≤ ∆╢ⱳꜞⱴכ ─◖▪ ⌐

≈™≡│Appendix⌐╕≤╘√  

 

Table 4-11. SIⱳꜞⱴכ ─  

 

D = 0.7 %

 = 5 mm 2 3 4 5 6 7 8 9 10 11 12 13 14 15

SMF 0.18 0.37 0.48 0.49 0.45 0.41 0.37 0.35 0.35 0.37 0.40 0.44 0.50 0.57

SiOx 2.78 2.00 1.88 1.97 2.15 2.38 2.64 2.89 3.14 3.39 3.64 3.88 4.10 4.32

(mm)

(dB)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

2 10.0 7.6 6.8 5.7 4.5 3.6 3.0 2.6 2.2 2.0 1.7 1.5 1.3 1.1 1.0 0.9 0.8 0.7 0.7 0.6

3 15.9 8.6 5.7 4.1 3.3 2.7 2.3 1.9 1.6 1.5 1.5 1.5 1.6 1.7 1.8 1.8 1.8 1.8 1.8 1.9

4 13.2 7.1 4.7 3.5 2.9 2.4 2.0 1.8 1.6 1.6 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7

5 11.5 6.3 4.4 3.4 2.8 2.4 2.1 1.9 1.9 1.8 1.8 1.7 1.7 1.6 1.6 1.6 1.6 1.6 1.6 1.6

6 10.5 6.0 4.2 3.4 2.9 2.5 2.2 2.1 2.0 1.9 1.8 1.7 1.7 1.7 1.6 1.6 1.6 1.6 1.6 1.6

7 9.9 5.8 4.3 3.5 3.0 2.7 2.4 2.3 2.1 2.0 1.9 1.8 1.8 1.7 1.7 1.7 1.7 1.6 1.6 1.6

8 9.6 5.8 4.4 3.6 3.2 2.8 2.6 2.4 2.3 2.2 2.1 2.0 1.9 1.9 1.8 1.8 1.8 1.8 1.7 1.7

9 9.4 5.9 4.5 3.8 3.4 3.0 2.8 2.6 2.5 2.4 2.3 2.2 2.1 2.1 2.0 2.0 2.0 1.9 1.9 1.9

10 9.3 6.0 4.7 4.0 3.6 3.3 3.0 2.9 2.7 2.6 2.5 2.4 2.3 2.3 2.2 2.2 2.2 2.1 2.1 2.1

11 9.3 6.2 5.0 4.3 3.8 3.5 3.3 3.1 2.9 2.8 2.7 2.7 2.6 2.5 2.5 2.5 2.4 2.4 2.4 2.3

12 9.4 6.4 5.2 4.5 4.1 3.8 3.6 3.4 3.2 3.1 3.0 2.9 2.9 2.8 2.8 2.7 2.7 2.7 2.6 2.6

13 9.5 6.6 5.4 4.8 4.4 4.1 3.8 3.6 3.5 3.4 3.3 3.2 3.1 3.1 3.0 3.0 3.0 2.9 2.9 2.9

14 9.6 6.8 5.7 5.1 4.6 4.3 4.1 3.9 3.8 3.6 3.6 3.5 3.4 3.4 3.3 3.3 3.2 3.2 3.2 3.2

15 9.8 7.1 6.0 5.3 4.9 4.6 4.4 4.2 4.0 3.9 3.8 3.8 3.7 3.7 3.6 3.6 3.5 3.5 3.5 3.5

Lowest

coupling loss

(dB)

D (%)

C
o

re
 h

e
ig

h
t (

µ
m

)
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Table 4-12. GI ⱳꜞⱴכ ─  

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

2 10.4 7.6 6.5 5.9 4.9 4.0 3.3 2.8 2.5 2.1 1.9 1.7 1.5 1.4 1.2 1.1 1.0 1.0 1.1 1.0

3 18.2 9.7 6.2 4.5 3.6 2.9 2.5 2.1 1.8 1.6 1.5 1.2 1.1 1.1 1.1 1.2 1.3 1.4 1.5 1.7

4 15.5 7.7 5.1 3.9 3.1 2.6 2.3 1.9 1.8 1.5 1.4 1.3 1.3 1.4 1.4 1.5 1.6 1.7 1.9 1.9

5 13.3 6.8 4.7 3.6 3.0 2.6 2.2 2.0 1.8 1.6 1.6 1.5 1.6 1.6 1.7 1.8 1.8 1.8 1.8 1.8

6 11.8 6.4 4.6 3.6 3.1 2.7 2.4 2.2 2.0 1.8 1.8 1.8 1.9 1.8 1.8 1.8 1.8 1.8 1.8 1.8

7 10.9 6.2 4.6 3.7 3.2 2.8 2.6 2.4 2.2 2.1 2.1 2.0 2.0 1.9 1.9 1.9 1.9 1.9 1.9 1.9

8 10.4 6.2 4.7 3.8 3.4 3.0 2.8 2.6 2.4 2.3 2.2 2.2 2.1 2.1 2.0 2.0 2.0 2.0 2.0 2.0

9 10.1 6.3 4.8 4.0 3.5 3.2 3.0 2.8 2.6 2.5 2.4 2.4 2.3 2.3 2.2 2.2 2.2 2.2 2.2 2.2

10 9.9 6.4 5.0 4.2 3.8 3.4 3.2 3.0 2.8 2.7 2.7 2.6 2.5 2.5 2.4 2.4 2.4 2.4 2.4 2.4

11 9.9 6.5 5.2 4.5 4.0 3.7 3.4 3.2 3.1 3.0 2.9 2.8 2.8 2.7 2.7 2.7 2.6 2.6 2.6 2.6

12 9.9 6.7 5.4 4.7 4.3 3.9 3.7 3.5 3.4 3.3 3.2 3.1 3.0 3.0 3.0 2.9 2.9 2.9 2.9 2.9

13 10.0 6.9 5.7 5.0 4.5 4.2 4.0 3.8 3.6 3.5 3.4 3.4 3.3 3.3 3.2 3.2 3.2 3.2 3.2 3.2

14 10.1 7.1 5.9 5.3 4.8 4.5 4.2 4.1 3.9 3.8 3.7 3.7 3.6 3.6 3.5 3.5 3.5 3.5 3.4 3.4

15 10.2 7.4 6.2 5.5 5.1 4.8 4.5 4.3 4.2 4.1 4.0 3.9 3.9 3.8 3.8 3.8 3.8 3.7 3.7 3.7

Lowest

coupling loss

(dB)

D (%)

C
o

re
 h

e
ig

h
t 

(µ
m

)

 

 

Table 4-13. GI ⱳꜞⱴכ ─  

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

2 10.6 6.8 5.3 4.4 3.9 3.6 3.3 3.1 3.0 2.8 2.7 2.5 2.2 2.0 1.8 1.7 1.5 1.5 1.4 1.2

3 282.7 14.3 9.0 6.4 5.0 4.0 3.4 2.9 2.5 2.2 2.0 1.7 1.6 1.5 1.3 1.1 1.1 1.0 1.1 1.1

4 19.2 11.0 7.0 5.1 4.0 3.3 2.8 2.4 2.1 1.9 1.7 1.5 1.3 1.2 1.1 1.1 1.2 1.2 1.3 1.4

5 17.4 9.1 6.0 4.5 3.6 3.0 2.6 2.2 1.9 1.8 1.6 1.4 1.3 1.2 1.2 1.3 1.4 1.4 1.5 1.6

6 15.7 8.0 5.5 4.1 3.4 2.8 2.5 2.1 1.9 1.7 1.5 1.4 1.3 1.3 1.4 1.4 1.5 1.6 1.7 1.8

7 14.3 7.4 5.1 4.0 3.3 2.8 2.5 2.1 2.0 1.7 1.6 1.5 1.5 1.5 1.5 1.6 1.7 1.7 1.8 1.8

8 13.2 7.1 5.0 3.9 3.2 2.8 2.5 2.2 2.0 1.8 1.7 1.6 1.6 1.6 1.7 1.7 1.7 1.7 1.7 1.7

9 12.4 6.8 4.9 3.9 3.3 2.9 2.5 2.3 2.1 1.9 1.8 1.7 1.7 1.7 1.8 1.7 1.7 1.7 1.7 1.7

10 11.7 6.7 4.9 3.9 3.3 2.9 2.6 2.4 2.2 2.0 1.9 1.8 1.8 1.8 1.8 1.7 1.7 1.7 1.7 1.7

11 11.3 6.6 4.9 3.9 3.4 3.0 2.7 2.4 2.3 2.1 2.0 2.0 1.9 1.8 1.8 1.8 1.8 1.7 1.7 1.7

12 11.0 6.6 4.9 4.0 3.4 3.0 2.7 2.5 2.3 2.2 2.1 2.0 1.9 1.9 1.8 1.8 1.8 1.8 1.8 1.7

13 10.7 6.6 5.0 4.1 3.5 3.1 2.8 2.6 2.4 2.3 2.2 2.1 2.0 1.9 1.9 1.9 1.8 1.8 1.8 1.8

14 10.6 6.6 5.1 4.2 3.6 3.2 2.9 2.7 2.5 2.3 2.2 2.1 2.1 2.0 1.9 1.9 1.9 1.8 1.8 1.8

15 10.5 6.7 5.2 4.3 3.7 3.3 3.0 2.8 2.6 2.4 2.3 2.2 2.1 2.1 2.0 2.0 1.9 1.9 1.9 1.9

C
o

re
 h

e
ig

h
t 

(µ
m

)

Lowest

coupling loss

(dB)

D (%)

 

 

 Table 4-11Table 4-12Table 4-13╟╡ ≢ ⇔√SSC ≤ ⇔≡ ⱳ

ꜞⱴכ ≢ ─ ⅜ ⅝ↄ ↕╣≡™╢↓≤⅜╦⅛╢ ↓╣│SSC

─ ⌐╟╡ ⌐ כⱳꜞⱴ╩♪ꜟכ▫ⱨ♪כ⸗√∑╦ ≢

∆╢↓≤⅜≢⅝╢√╘ ╩ ≢⅝√√╘≢№╢ ⌐ Table 4-11⌐ ⇔√SI

─ⱳꜞⱴכ ≢│ ─ ≢ 1.0 dB╩ ⇔≡™╢ ↓─

│ 4.2.4.≢ ⇔√ 2.4 dB≤ ⇔≡ ⌐ ↕ↄ ⱳꜞⱴכ ╩

ꜞfi◒⌐ ∆╢ ⅜ ⌐№╢↓≤⅜ ↕╣√  

⇔⅛⇔⌂⅜╠ Table 4-11≢│1.5 dB─ ╩ ∆ ( )│ ≢№╡ ⌐◖

▪ ↕ │ 1 mm─ ≢ 1 dBↄ─ ⅜ ↕╣╢↓≤⅛╠

╩ ∆╢√╘⌐│ ⇔™ ♩꜠ꜝfi☻⅜ ↕╣╢↓≤⅜ ⅛∫√  

 ≢ Table 4-12Table 4-13╟╡ ⱳꜞⱴכ ─GI ⌐╟∫≡ ( )

⅜ ⇔≡™╢ ⅜ ≢⅝╢ ↓─ │ GI ⱳꜞⱴכ ≢ ⌐ ↕

≢ ≤⌂∫≡™╢ ↓─ ─ │ GI ⱳꜞⱴכ ─◖▪◘▬☼╛

D⅜ ⇔√ ─ ─ ⅜ SI ≤ ⇔≡ ╛⅛≢№╢√╘⌐ Ɽꜝⱷכ♃

─ ┼─ ⅜ ↕╣√√╘≢№╢ ⇔√⅜∫≡ ╩ ⇔√

♩꜠ꜝfi☻─ ≢ GI ⱳꜞⱴכ ⅜SI ⌐ ═≡ ╩ ∆↓≤⅜ ╠⅛≤⌂

∫√  
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4.6. Ɇɓɇº ǡ ∏ 

↓╣╕≢─ ╩╙≤⌐ SMF≤SiOx ─ ⌐ ⌂╢ ╩ ∆╢ⱳꜞⱴ

כ ╩ ⇔√ ⌐ ≢ ∂╢ ╩╕≤╘ ╩ ∆╢  

4.5.2.⅔╟┘ 4.5.3.─ ╟╡ ⱳꜞⱴכ ┼─ SSC │ ─

⌐│ ≢№╢↓≤⅜ ⇔≡™╢ ≢ ╠╣√ ╩╙≤⌐ ⱳꜞⱴכ

─ ⌂╠┘⌐∕─ ╩ ∆ ╩ ⌐ Fig. 4-39⌐╕≤

╘√  

 

Fig. 4-39 ─ ≤ ◖▪  

 

Figure 4-39╟╡ ╩ ╢√╘⌐│ ◖▪ ↕⅜2 mm 3 mm⅛≈ ™D⅜

≢№╢↓≤⅜╦⅛╢ ↓╣╕≢ ⇔≡⅝√╟℮⌐ ─℮∟ ◖▪◘▬☼3 

mm D = 3.9%─SiOx ≤─ ─ ╘╢ ⅜ ⅝™ ⇔√⅜∫≡

─ ⌐│ ⱳꜞⱴכ ─◖▪ ╙ SiOx ⌐ ™ ╩ ≤⇔

√√╘≤ ⅎ╠╣╢ ╩ ∆ ◖▪ ↕⅜ 2 3 mm≤

⅜╒≤╪≥ ╠╣≡™⌂™─⌐ ⇔ ◖▪ │SMF ≢SI ─◖▪ │14 mm≤

⌂╡ ─ ≤ ⇔≡⅛⌂╡ ⅝™↓≤⅜╦⅛╢ ↓╣│ D = 2.0%≤ ™

SI ◖▪⅜ ─ ⅛╠ ™◖▪ ┼─ ∂ ╘ ╩ ⇔≡⅔╡ ♪כ⸗

─◄ⱣⱠ♇☿fi♩ ⅜ ↕™↓≤⌐ ⇔≡™╢ ≈╕╡ SI ◖▪≢│◖▪ ╩

⇔≡╙ SMF≤─ ╩ ↕∑╢꜠ⱬꜟ≢ MFD╩ ↕∑╢↓≤│ ⇔ↄ ╦

╡⌐◖▪ ╩ →╢ ⅜№╢↓≤⅜ ⇔√ ↓─ SI ⱳꜞⱴכ ─

Si waveguide core

SiOx waveguide core Polymer waveguide core
SMF core

0.6dB

Total

coupling loss

Refractive index profile

of polymer Waveguide

SI
(photo lithography)

Horizontal GI
(photo address)

Square GI
(imprint)

Core width

2.0%

D Core height

3ɛm 2ɛm

1.0dB 1.7% 5ɛm 2ɛm

1.0dB 1.8% 5ɛm 3ɛm

MFD

@ lowest loss condition

width height

3.7ɛm3.0ɛm

4.1ɛm3.3ɛm

4.2ɛm3.5ɛm

Side 1 Side 2

Side 1

Core width Core height

14ɛm 2ɛm

2ɛm 2ɛm

2ɛm 3ɛm

MFD
width height

11.8ɛm2.9ɛm

3.7ɛm3.9ɛm

3.6ɛm3.9ɛm

Side 2
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◖▪ ≢│ ≢─◖▪ ⅜3 mm≤14 mm≤ ⅝⌂ ⅜ ⇔≡⅔╡ ⌐

Ɽכ♥⌂ ⅜ ≤⌂╢↓≤╩ ⇔≡™╢ ≢ GI ⱳꜞⱴכ │ ≢─

◖▪ ⅜3 mm≢№╡ Ɽכ♥⌂⅛╛ ≢ ™ ╩ ⇔≡™╢ ─

╟╡ ◦Ⱶꜙ꜠כ◦ꜛfi≢│ ⇔⌂⅛∫√ ♪כ⸗ ⌐ ™ ∂╢ ─ꜞ☻◒

─ ⅛╠ SI ≤ ⇔≡GI ⱳꜞⱴכ ⅜ ╩ ∆↓≤⅜╦⅛∫√  

↕≡ Si │ ™D⌐╟∫≡ ╘≡ Ⱨ♇♅⌂ ⅜ ⌂─⌐ ⇔ SMF│◒

ꜝ♇♪ ─ ⌐╟╡ 250 mm≤™∫√ ™Ⱨ♇♅≢⇔⅛ ⅜≢⅝⌂™[19]

∕↓≢ Fig. 4-39─╟℮⌐ⱳꜞⱴכ ╩ ─ ⌐☻ⱳ♇♩◘▬☼ ≤⇔≡

∆╢ ⌐ ⌐Ⱨ♇♅ ╩ ∆╢↓≤⅜≢⅝╣┌↕╠⌐ⱳꜞⱴכ ─ ꜞ

fi◒ ─ ⅜ ∆↓≤⌐⌂╢ Ⱨ♇♅ ─√╘⌐│ ⱳꜞⱴכ ≢ →

╩ ∆╢ ⅜№╢[20]⅜ D⅜ ™ ≈╕╡◖▪ ┼─ ∂ ╘ ⅝

™ ≢│ → ⅜ ↕╣╢↓≤⅜ ╠╣≡™╢[21]Fig. 4-39╟╡ ⌐

╟╠∏ ⇔√ ─ ≢ ™D(1.7%2.0%)≢ ⌂◖▪ ╩ ∆↓≤⅜╦⅛

╢ ⇔√⅜∫≡ Fig. 4-39≢ ╠╣√☻ⱳ♇♩◘▬☼ ≤⇔≡─ │ Ⱨ

♇♅ ≤⇔≡─ⱳꜞⱴכ ╙ ∆↓≤⌐⌂╢  

⌐ 4.2.4.≢ ⇔√ ꜞfi◒ ⌐ⱳꜞⱴכ ⌐ ↕╣╢ 2.4 

dB(ⱨ꜠Ⱡꜟ ╖≢3.1 dB)≤─ ╩ ℮ Fig. 4-39╟╡ ─

│ SIⱳꜞⱴכ ≢0.6 dB GI ⅔╟┘ GI ⱳꜞⱴכ ≢

1.0 dB≤⌂∫≡⅔╡ 2.4 dB╩ ⅝ↄ ∫≡™╢ ↓─ ⌂ ⌐

╟∫≡ ─ ⌐ ⇔√ ⱳꜞⱴכ ─○ⱨ☿♇♩⌐╟╢

╩ ╢↕╠⌂╢ ☼꜠╩ ∆╢↓≤╙ ≤⌂╢ ↕╠⌐ ┼─ ╙

∆╢↓≤⅜≢⅝╢√╘ ╟╡ ™ ╩ ╢↓≤⅜≢⅝╢↓≤⅜ ⇔√  

╟╡ ⱳꜞⱴכ ─ ⌐╟∫≡ ꜞfi◒ ─ ⌐ ∆╢↓≤⅜

≢⅝╢↓≤╩ ⇔ ꜞfi◒─ ╩ ╘╢ ≤⇔≡ⱳꜞⱴכ ⅜ ↕

╣╢↓≤╩ ⇔√  

 

4.7.  

 ≢│ ⱳꜞⱴכ ─CPO ╩ ⅎ ◦fi◓ꜟ⸗כ♪ ⱨ□▬Ᵽ≤SiOx

─ ⌐ ∆╢ ꜞfi◒╩ ⇔ ≢─ⱳꜞⱴכ ⱷꜞ♇♩

╩ ⇔√ │∂╘⌐ ⱳꜞⱴכ ⌐ ℮ ╩ ╙╡ ─

⌐ ↕╣╢ ╩2.4 dB (ⱨ꜠Ⱡꜟ 3.1 dB)≤ ⇔√ ≈≠™≡ ⌂╢

╩ ∆╢ⱳꜞⱴכ ─ ╩ ⌐ ⇔ ◦fi◓ꜟ⸗כ♪ ⱨ□▬

Ᵽ≤─ ╩ ≤∆╢ ≢│ ™∏╣─ ≢╙0 dB≤╒≤╪≥

⅜ ∂⌂™↓≤⅜ ⇔√ ≢ SiOx ≤─ │ SI 0.25 dB 

GI 0.32 dB GI 0.42 dB ≤⌂╡ SMF≤─ ≤ ⇔≡ ⅝™↓≤

╩ ⇔√  
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 ≈≠™≡ 3 ≢ ⇔√ⱳꜞⱴכ ╩ ™≡ SMF⌂╠┘⌐SiOx ╩

⇔√UHNA1≤─ ╩ ⇔ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ↕╣╢ ≤ ⇔√

╩≤╢↓≤╩ SI ◖▪≤ GI ◖▪─ ≢ ⇔√  

⌐ SMF⅔╟┘SiOx ≤─ ─ ⅛╠ ⱳꜞⱴכ ─ ◖

▪ ╩ ⇔√ ⱳꜞⱴכ ─ ╩ ⅛⇔√ SSC ╩ ∆╢↓≤≢

⌐╟╠∏ ◖▪ ─ │ 1.0 dB≤⌂╡ ⇔√

╩ ⅝ↄ ╢↓≤⅜ ⇔√ ⇔√⅜∫≡ ⱳꜞⱴכ ─ │ ≢─ⱷꜞ♇

♩⅜ ⌐ ⅝ↄ ♦Ᵽ▬☻ ─ ╩ ↕∑╢↓≤≢CPO ⌐ ≢⅝╢↓

≤╩ ╠⅛⌐⇔√ SI ⱳꜞⱴכ │ ⅜ ─ ≤ ⇔≡ ↕™

⅜ ╩ ∆◖▪ ⅜ ≢№╢↓≤ ↕╠⌐│ ◖▪ Ɽכ♥─ ⅜

≢№╢↓≤⅛╠ ─ⱴכ☺fi│ ↕™ ⇔≡GI ⱳꜞⱴכ │

─ ⌐╟∫≡◖▪ ↕╛D─ ⌐ ∆╢ⱴכ☺fi⅜ ⅝ↄ ♩꜠ꜝfi☻─ ⌐

≢⅝╢↓≤⅜ ⇔√  
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5  

CPOꞌ Ǟ ǄǒɆɓɇº  

ǡּד  

5.1.  

CPO┼─ ╩ ⅎ╢℮ⅎ≢ ⱳꜞⱴכ ⌐│™ↄ≈⅛ ⅜ ∆╢

╕≢⌐ ⇔√ ꜞfi◒╩ ∆╢≤ ⱳꜞⱴכ │ASIC ⌐ ↕╣╢↓≤⅛

╠ ≢─ ⅜ ↕╣╢ ⅜ ™ ⱳꜞⱴכ│ ╛ ╣√

╩ ∆ ≢ ╛ ⅜ ↕╣╢↓≤⅜ ™ ∕↓≢ ≢│ CPO ╩

⇔ ◦fi◓ꜟ⸗כ♪ⱳꜞⱴכ ≤ SMF SiOx ≤─ ⌂╠┘

⌐ Si ⅛╠─▪♦▫▪Ᵽ♥▫♇◒ ≢─ ╩ ⇔ Ɽꜝⱷ

╩♃כ ∆╢↓≤≢ ∕─ ─ ╩ ∆╢ ⌐ⱳꜞⱴכ

◖▪─ ╛ ⅜ ─ ⌐ ⅎ╢ ╩ ∆╢  

 

5.2. Ɇɓɇºǡ  

ⱳꜞⱴכ │ ⌐ ╣√ ≢№╢⅜ ∕─ │ ╩ ⇔≡

™╢ⱳꜞⱴכ⌐ ⅝ↄ ⇔≡™╢ ⱳꜞⱴכ│ ≤ ⌐ ↕╣

╢[1] 

│ ╩ ⅎ╢↓≤≢ ⌐⌂╡ ≢ ↑╢ ╩ ≈ⱳꜞⱴכ╩ ∆

│ ╙ ∆╢↓≤≢ ─ ⌐ ∆↓≤⅜≢⅝╢√╘ ꜞ◘▬◒

ꜟ⅜ ≢№╢ ╕√ ⌐╟╡ ↕∑╢↓≤≢ ╙ ≤⌂╢

│ ≤ ─ ╩ ∟ ∆╢↓≤≢ ⅜ ╖ ≢ ⇔√

╩ ∆╢ ∕─√╘ ⌂ ╩ ⇔ ≢─ ╛ ┼─

⅜ ↄ ⌐ ⌐ ∆↓≤│≢⅝⌂™  

⌐ⱳꜞⱴכ╩ ∆╢ ─ │ ╕⇔ↄ⌂™√╘

─ │ ╕╣⌂™ │ ⌐ ≤◄Ⱡꜟ◑כ╩ ≤⇔

⌐ ⅜№╢ ∕↓≢ⱳꜞⱴכ ─ ≤⇔≡│ ↄ [2]⅜

™╠╣╢↓≤⅜ ™ ≢│ ─ ⌐╟∫≡ꜝ☺◌ꜟ or◌♅○

fi ╩ ⅝ ↓⇔ ╩ ↕∑╢[3] ─ ≤⇔≡ ⅜ ╘≡

ↄ ↑≢№╢↓≤ ╕√ ≢─ ⅜ ⌂√╘ ◖☻♩╛

┼─♄ⱷכ☺⅜ ⌂™⌂≥─ ⅜№╢ ≢ ≤ ⇔≡

│ ⌐ ∆╢ ⅜№╡ ⱳꜞⱴכ ─ ⌐№√∫≡│ ─

⅜ ≤⌂∫≡™╢ ⌐ ≢│JPCA [4]╛Telcordia[5]⌐ ↕╣╢╟

℮⌐ ≢─ ⅜ ╘╠╣≡⅔╡ ⱳꜞⱴכ ⌐ ↑≡ ↑
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≡│ ╣⌂™ ≢№╢  

∕↓≢ ≢│ ⱳꜞⱴכ ─CPO ╩ ⅎ ⱳꜞⱴכ ─

╩ ∆╢↓≤≤⇔√  

╕∏ ⌂ⱳꜞⱴכ─ ≤∕─ ╩ ∆╢[6] 

 

ה (Tm) 

 ( ) ⅛╠ ⌐ ∆╢ ─↓≤  

 

☻ꜝ●ה (Tg) 

 ●ꜝ☻ ⅛╠◗ⱶ ⌐ ∆╢ ─↓≤ ⱳꜞⱴכ─ ⌂ ─ ≈≢№╢

●ꜝ☻ ≢│ ╛ ⌂≥⅜ ⅝ↄ ∆╢√╘ ╛

▪ⱪꜞ◔כ◦ꜛfi⌐ ╦∑≡ ╩ ∆╢↓≤⅜ ≤⌂╢ ⌂⅔ ◗ⱶ ≢─ │

≤⌂╡ ╩ ™√ ╙ ╩ ∆╢↓≤⅛╠ ⌂≥⌐ ↕╣╢↓≤⅜

™ ⅜ ™ⱳꜞⱴכ│●ꜝ☻ ╙ ™ ⌐№╢  

 

ה [7] 

 ─ ⅝™ⱳꜞⱴכ≢│ ⱳꜞⱴכ─ ╩ ↕∑╢√╘─◄Ⱡꜟ◑כ⅜ ↕

∑╢√╘─◄Ⱡꜟ◑כ≤ ⇔≡ ↕™√╘ ╩ ↓∆  

 

ה  

 (a) (b)≢ ↕╣╢↓≤⅜ ™ ⅜ ╩ ∆╢

≤ ⌐│a = 3b─ ⅜№╢[8]ⱳꜞⱴכ─ │ ≤

⇔≡ ⌐ ⅝™√╘ ⌐ ™◖▪◘▬☼⅜ ⇔ ⌐ ╩

╓∆ ⅜ⱳꜞⱴכ ─ ≤⇔≡╟ↄ →╠╣╢ ╕√ CPO ╩

ⅎ√ ⱳꜞⱴכ │ꜞ☺♇♪⌂ ⌐ ↕╣╢ ⅜ ↄ ⱳꜞⱴכ≤

─ ⅜ ─ ⅝™ⱳꜞⱴכ┼─ ╛└∏╖╩ ╖ ─

⅛╠─ ╩ ⅝ ↓∆  

 

ה  

 │ ╩ ∆╢ ≤ ╩ ∆╢ ─ ─ ≤⇔≡ ↕╣ ─

(5-1)≢ ↕╣╢ ⌂⅔ ─n╩ c╩ ─ v╩ ─ ≤

⇔√  

 

n = c / v 

 

─ │ ╩ ∆╢ ─ ⌐╟∫≡ ↕╣╢√╘ │

(5-1) 
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⌐ ∆╢ ─ ╩ ∆ ≤⇔≡ Lorentz-Lorenz─ ⅜╟ↄ ╠╣≡⅔╡

╙ ⌂ │ (5-2)≢ ↕╣╢[9]⌂⅔ (5-2)│ ─ ≢─╖ ≢№╡

╩n ╩a≢ ⇔≡™╢  

 

ὲ ρ

ὲ ς

τ“

σ
‌ 

 

↓↓≢ ⌐ ℮ ─ ⌐╟∫≡ ╙ ╩ ↑ ⌐

╙ ∆╢↓≤⌐⌂╢ Lorntz-Lorenz─ ╩ t≢ ∆╢↓≤≢ (5-3)╩ ╢ ↓↓

≢ ‌│ ‌│ ╩ ∆  

 

‬ὲ

‬ὸ
 
ὲ ς ὲ ρ

φὲ

ρ

‌
 
‬‌

‬ὸ
‌  

 

 (5-3)╟╡ ─ │ ≤ ⌐ ∆╢↓≤⅜╦⅛╢

⌐ⱳꜞⱴכ≢│ (5-3)─ ≢№╢ ⌐╟╢ ⅜ ≢№╡

⌐ ℮ ⌐╟∫≡ ⅜ ∆╢ ⌂ ⱳꜞⱴכ≢№╢PMMA(ⱳꜞ

ⱷ♃◒ꜞꜟ ⱷ♅ꜟ)│dn/dt = -1.2Ĭ10-4 /K╩ ∆[10]ⱳꜞⱴכ─ │

⌐ ⇔≡⅔╡ ⌐╟∫≡↕╕↨╕⌂ ╩ ╡ ╢⅜ ⅔⅔╗⌡10-4 /K○כ♄כ

─ ╩ ∆   

 

─ ●ꜝ☻ │ ⌐ ⅝ↄ ⇔

╟╡╙ ─ ≢│ⱳꜞⱴכ⅜ ⇔ ⱳꜞⱴכ ─ ⅜ ≢

⅝⌂™ ⇔√⅜∫≡ ⱳꜞⱴכ ╩ ⌐ ∆╢√╘⌐│ ↓╣╠ⱳꜞⱴכ─

∆ │ ╟╡╙ ™ ╩ ∆↓≤⅜ ≢№╡ ─ │⌂™ ≢

ⱳꜞⱴכ ⅜ ∆ ⌂╠┘⌐ │ ⌐╟∫≡ ⅜

∆╢↓≤⅜ ↑╠╣⌂™ ⌐│ │ⱳꜞⱴכ ─◖▪◘▬☼⌐

─ │◖▪ ◒ꜝ♇♪─ ≈╕╡│ ┼─ ⅜ ⅝™

D╩ ↕∑╢  

∕↓≢ ≢│ⱳꜞⱴכ─ ─ ↑╢↓≤─≢⅝⌂™

╩ ⇔ ⌐ ≤⇔≡ (Coefficient of Thermal Expansion : CTE)

─ dn/dt╩ ™≡ ╩ ╘╢  

 

 

 

 

(5-2) 

(5-3) 
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5.3. [ ] דּ ∟ ǡ  (ȠɈɎɕºȠɐɜ)לּ

5.3.1.  ȠɈɎɕºȠɐɜɋȰɔǡ  

5.2.≢ ⇔√ⱳꜞⱴכ─ ≤ ─ ─2≈─Ɽꜝⱷכ

♃╙ ⱳꜞⱴכ─ ⌐ ⇔≡™╢ ⇔√⅜∫≡ ↓╣╠─Ɽꜝⱷכ♃ ╟╡

↕╣╢ ╙№╢↓≤⅛╠ ─ ╟╡ ⌐ ⌐≡ ⌐

№╢ⱳꜞⱴכ ↑ⱳꜞⱴכ ⌐ ⇔≡ ∕╣╠─Ɽꜝⱷכ♃⅜ ↕╣╢↓≤

│ ⌂™ ∕↓≢ ≢╙ 4 ≤ ⌐ ∆≢⌐ ↕╣ ↕╠⌐ Ɽꜝⱷכ♃⅜

↕╣≡™╢OrmoCore⌂╠┘⌐OrmoClad╩ⱳꜞⱴכ─⸗♦ꜟ≤⇔≡ ⇔ ⱳꜞⱴכ─

≈ ⅜ⱳꜞⱴכ ─ ⌐≥─╟℮⌐ ╩ ⅎ╢─⅛ ⌐ ⌂╢

╩ ≈ ─ ⌐ ⇔≡ ╩ ∫√  

 

 

Fig. 5-1 ╩ ⇔√◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ 

 

Figure 5-1⌐ ─ ≢ ⇔√Ɽꜝⱷכ♃⌂╠┘⌐◖▪─ ⸗♦ꜟ ∕─

╩ ∆╢√╘─ ╩ ∆ ≤⇔≡1310 nm╩ ⇔≡™╢ ↓↓≢

ASIC ─ │ 95 oC[11]≢№╡ Fig. 5-1≢ ⇔√ ─

150 oC│ ≤ ⅎ╠╣╢⅜ ↓─╟℮⌂ ≢─ ⅜ ≢⅝√ ⱴכ

☺fi╩ ≢⅝╢≤™∫√ ⅛╠ ◦Ⱶꜙ꜠כ◦ꜛfi─ ≤⇔≡150 oC╩ ⇔

√  

4 ≢ ⇔√ⱨ◊♩ꜞ♁◓ꜝⱨ▫ ⱨ◊♩▪♪꜠☻ ▬fiⱪꜞfi♩ ⌐╟∫

≡ ↕╣╢ SI GI GI ◖▪⌐ ⅎ ◖▪─ ╩

∆═ↄ ♩כ◐☻⸗ ⌐╟∫≡ ↕╣╢ GI ◖▪╩⸗♦ꜟ≤⇔≡ ⇔√  

SMF≤─ ╩ ∆╢ ≢ ⱳꜞⱴכ ≢ ↕∑╢═⅝Ɽꜝⱷכ♃≤⇔

≡◖▪ ◖▪ ↕ D ⅜№╢ ≢│ ≤dn/dt⅜ ⅎ╢ ╩

SI
(photo lithography)

Square GI
(Imprint)

Horizontal GI
(Photo address)

ḯ
n n n

Core size

( )

DḲ0.4 %

Core SizeḲ4ɛmṌ 15 ɛm

Ḳt (25  Ṍ150 )

C
o

re
 s

iz
e

SMF

ȹḲ0.4 %

Ḳ8.2ɛm

Ḳ1310 nm

ncore(25 )Ḳ1.54

CTEcore (20-150 )Ḳ150 ppm/K

dn/dtcoreḲ-2.2ú10-4 /K

dn/dtcladdingḲ-2.7ú10-4 /K

Circular GI
(Mosquito)

n

Core size
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∆═ↄ D╩SMF≤ ∂0.4%⌐ ↕╠⌐ ◖▪│◖▪ =◖▪ ↕≤⌂╢ ≤⇔

◖▪─ ≤≤╙⌐Core size (2h, 2w)≤⇔≡ ⇔√ ⌂⅔ ◖▪ ≢─

⌐≈™≡│ ─ (4-1)(4-6)≢ ⇔ ≢ √⌐ ⇔√ GI ◖▪⌐

⇔≡│ ─ r╩ ™≡ ─ (5-4) (5-5)≢ ⇔√  

 

 GI ὲὶ   ὲ  ρ ɀ ῳὲ     [|r| ֔ w] 

ὲὶ  ὲ     [|r| > w] 

 

│4 ≤ ⌐ ⇔√ SMF─ ─ ⌐♪כ⸗ Pin╩ ⇔

⅜∕─ⱳꜞⱴכ ⌐ ⇔√ ⱳꜞⱴכ ─ ╠⅛♪כ⸗ ↕

╣√ Pout╩ ╘╢↓≤≢ Lcon.╩ (4-8)≢ ╢ ╕√ ⱳꜞⱴכ ⅜ⱨ

♪כ⸗כꜙ ⱴꜟ♅⸗כ♪ ∆╢ ≢№∫≡╙ ⱳꜞⱴכ ─ ⌐♪כ⸗

⇔√ ─╖╩ ⇔ ∕╣ ─ ⌐♪כ⸗ ⇔√ ⌐≈™≡│ ≤⇔≡

⇔√  

ⱳꜞⱴכ ≤ ≤─ ╩ ⅎ╢ ≢─ ∏╣⅜ ↕╣⌂

↑╣┌⌂╠⌂™⅜ ─ ≢│ ─ⱳꜞⱴכ ≤SMF≤─ ╩ ⇔

⅜ ∂≡╙ ∏╣│ ∂⌂™╙─≤⇔√ ─CPO ╩ ⅎ╢≤ ⱳꜞ

ⱴכ ─ ─ ≈≢№╢ ╩ ⅛⇔√ ⅜ ↕╣ ⱳꜞⱴכ─

∆ ⅝⌂ │♅ꜗⱠꜟ ─ ∏╣╩ ↕∑╢ ⅜№╢ ⇔⅛⇔⌂⅜╠ ≢

│ ⌂◖▪◘▬☼─ CTE⌐╟╢ ⅜ SMF≤─ ⌐ ⅎ╢ ⌐≈™≡ ⌐

∆═ↄ ⌐ ╠∏ │ ⌂▪ꜝ▬ⱷfi♩⅜ ↕╣≡™╢ ╩ ⇔√  

╕√ SMF╩ ⇔≡™╢ ●ꜝ☻─CTE⅜10 -1 ppm/Kdn/dt⅜-1 ppm/K○כ♄כ

[12, 13]≤™∏╣╙ⱳꜞⱴכ ╩ ⇔≡™╢ⱳꜞⱴכ⅜ ∆ ╟╡ 1 ↕

ↄ ⌐ ⅎ╢ │╒≤╪≥⌂™ ╕√ ≢│ⱳꜞⱴכ ─

┼─ ⅛╠ ⱳꜞⱴכ ─ ─ ╩ ℮↓≤╩ ≤⇔≡

™╢ ∕─√╘⌐│ ╩ ∆╢ⱳꜞⱴכ─ ⅜ ⌐ ⅎ╢ ╩

∆╢↓≤⅜ ≤⌂╢ ∕↓≢ ≢│ⱳꜞⱴכ ≤ ∆╢SMF─

( )⌐≈™≡│ ⇔≡™╢  

 

5.3.2.  Ɇɓɇº -SMF ǡּד ∟  

│∂╘⌐ (=25 oC) ≢─ ⱳꜞⱴכ ≤SMF ─ ╩ ⌂╢◖▪◘

▬☼ ⌐ ⇔≡ ⇔√ ╩Table 5-1⌐ ∆ ⌂⅔ 0.35 dB[14]╩

0.35 dB0.5 dB╩ 0.5 dB1.0 dB╩ 1.0 dB╩ ≤⇔≡

⇔ ╩ ⌐╦⅛╡╛∆ↄ⇔≡™╢ Table 5-1╟╡ ™◖▪◘▬☼ ≢SMF≤

─ ( )╩ ⇔≡⅔╡ ⱳꜞⱴכ ⅜ ⌐╟╠∏ ™ ♩꜠ꜝfi

☻╩ ∆╢≤™ⅎ╢  

(5-4) 

(5-5) 
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Table 5-1 ⱳꜞⱴכ ≤SMF─ @25 oC 

 

 

ⱳꜞⱴכ ⅜4 mm─ ◖▪◘▬☼ ≢ ⌐GI ─ⱳꜞⱴכ

≤─ ⅜ ™( ) ⅜№╢ ↓╣│ ─ ⌐╟╡ ─♪כ⸗

⅜ ⇔≡™╢√╘≢№╢≤ ⅎ╠╣╢ GI ⱳꜞⱴכ ─

◖▪◘▬☼≤ MFD─ ╩Fig. 5-2⌐ ∆⅜ ◖▪◘▬☼ ≢ ⌐ MFD⅜

⇔≡™╢ ⅜ ≢⅝╢ ⌐ ⅝⌂ ╩ ⇔≡™╢◖▪◘▬☼ 4 mm─ GI

ⱳꜞⱴכ ⅛╠─ ╩ ⇔√Fig. 5-3╟╡ ╩◖▪ ⌐ ∂

╘⅝╣≡™⌂™↓≤⅜ ≢⅝╢ ↓─╟℮⌐◄ⱣⱠ♇☿fi♩ ─ ⅜ ⅎ╢↓≤≢

─♪כ⸗ ⅜SMF≤ ⇔≡ ⌐ ⇔√√╘ ⅝⌂ ╩

⇔√≤ ⅎ╠╣╢  

 

Fig. 5-2. GI ⱳꜞⱴכ ─◖▪◘▬☼≤MFD─  

 

 

Fig. 5-3. ◖▪◘▬☼4 mm─ GI ⱳꜞⱴכ ─  

< 0.35 dB

< 0.50 dB

< 1.0   dB

> 1.0   dB

Core size (mm) 4 5 6 7 8 9 10 11 12 13 14 15

SI 0.12 0.094 0.053 0.017 0.012 0.046 0.12 0.23 0.36 0.52 0.70 0.89

horizontal GI 0.33 0.11 0.068 0.050 0.044 0.055 0.086 0.14 0.21 0.29 0.39 0.50

square GI 1.5 0.35 0.12 0.062 0.036 0.021 0.012 0.012 0.019 0.034 0.056 0.084

circular GI 2.2 0.49 0.16 0.078 0.047 0.028 0.015 0.009 0.010 0.020 0.037 0.060
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≈≠™≡ ─ ╩ ∆═ↄ ≢№╢25 oC 150 oC─ ≢─

◖▪◘▬☼≤ D─ ╩ ∆╢ ↓↓≢ ⌐ ™◖▪◘▬☼│◖▪

─CTE │◖▪≤◒ꜝ♇♪ ∕╣∙╣─dn/dt─ ╩ ↑╢≤∆╢ ⌂⅔

⌐ ™ⱳꜞⱴכ ◖▪⅜ ∆ ⌂╠┘⌐ │ ≡ ≢№╢≤

⇔√ ↓─≤⅝ ◖▪◘▬☼ ─♪♇ꜝ◒ה▪◖ ⅔╟┘D─ │

t⌂╠┘⌐ t0 = 25 oC╩ ™≡ (5-6)(5-9)≢ ≢⅝╢  

 

Core size(t) = Core size(t0) × (1 + CTE×(t - t0))  

ncore(t) = ncore(t0) + {  × (t - t0) } 

ncladding(t) = ncladding(t0) + {  × (t - t0) } 

D(t) = 
  

 

 

 ⌂⅔ ⌐ ═√╟℮⌐ⱳꜞⱴכ │ꜞ☺♇♪ ┼─ ⅜ ↕╣╢√╘

(5-6)≢ ↕╣╢ ─ ≢─◖▪◘▬☼│ ─ ≢─◖▪◘▬☼≤│

⌂╢ ⅜ ╢ ꜞ☺♇♪ │ ⌐ⱳꜞⱴכ ╟╡╙ ↕™CTE╩ ∆↓≤

⅛╠ ⱳꜞⱴכ ─ ⌐ ℮ ╩ ∆╢ ⌐ ↄ≤ ↕╣╢ ⇔√⅜

∫≡ (5-6)≢ ⇔√◖▪◘▬☼│ ╩ ⇔⌂™ ≢─꞉כ◔♩☻כ☻

≢№╢≤™ⅎ ─╙≤≢ ╩ ™ ≢╙ⱳꜞⱴכ ─ ⅜

↕╣╢≤™℮ ⅜ ╠╣√ ─ ≢╙ ⌂ↄ ∆╢≤ ≢⅝╢  

 (5-7)(5-8)╟╡ ◖▪≤◒ꜝ♇♪∕╣∙╣─ │ ─ ∆dn/dt⌐╟∫≡

∆╢⅜ Fig. 5-1⌐ ⇔√╟℮⌐ ⸗♦ꜟ⌐ ™√OrmoCore⌂╠┘⌐OrmoClad

│ ⌂╢ dn/dt╩ ⇔≡™╢ ⸗♦ꜟ ⇔√ ORMOCERÈ ⌐ ╠∏ ╩

∆╢√╘⌐│◖▪≤◒ꜝ♇♪≢ ╩ ∆╢ ⅜№╡ ∕─√╘⌐ ─

╛ │ ⌂╢↓≤⅜ ™ ∕─ ─ ™⌐╟∫≡◖▪≤◒ꜝ♇♪⅜

∆ ─ │ ⌂╢↓≤⅜ ↕╣╢ ↓─◖▪≤◒ꜝ♇♪ ─ ─

─ │ ⌐ ℮D─ ⌐≈⌂⅜╡ ⌐ ╩ ⅎ╢↓≤⅜ ↕

╣╢  

╩ ™≡ ⱳꜞⱴכ ◖▪─Ɽꜝⱷכ♃─ ╩ ∆╢ ╕∏│

≤⇔≡ ⱳꜞⱴכ ─◖▪◘▬☼⅜ 8 mm ─ ≤◖▪◘▬☼ D─ ╩

Fig. 5-4⌐ ∆  

 

(5-6) 

(5-7) 

(5-8) 

(5-9) 
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Fig. 5-4. ⱳꜞⱴכ ─◖▪◘▬☼≤D─  

 

Figure 5-4╟╡ ⅜25 oC⅛╠150 oC⌐ ∆╢ ◖▪◘▬☼│ 2%─ ⌐

≤≥╕╢─⌐ ⇔ D│+104%─ ⅜ ╠╣≡™╢↓≤⅜╦⅛╢ ↓─D─ │ ◖▪≤

◒ꜝ♇♪ ─dn/dt─ ⌐ ⇔≡™╢ ─ │Fig. 5-1╟╡0.5Ĭ10-4 /K≢№╡

125 oC─ ⌐ ™ ⅜0.006 ⇔ ↓╣⅜D─ ⌐ ⅜∫≡™╢

╟╡ ─⸗♦ꜟ≢│ ⱳꜞⱴכ ⅜ ∆ ─ ≤⇔≡ ◖▪

◘▬☼≤ ⇔≡D─ ⅜ ⅝™↓≤⅜ ╠⅛≤⌂∫√ ↓↓≢ ◖▪⅜ ∆

MFD│◖▪◘▬☼─╖⌂╠∏ D⌐╙ ╩ ↑╢ ⇔√⅜∫≡ ⌐ ∆╢MFD

─ ╩ ∆╢ ⅜№╢ ∕↓≢ ≢◖▪◘▬☼8 mm⅛≈D=0.4%─ⱳꜞⱴכ

─ ╩ ⇔√ ╩Fig. 5-5⌐ ∆ Fig. 5-5≢│ ⌂╢ ╩

∆╢ⱳꜞⱴכ ╩ ⇔≡™╢  

 

Fig. 5-5. ⱳꜞⱴכ ◖▪◘▬☼8 mm ─MFD─  
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GI ◖▪⌐ ⇔≡│ ◖▪ ─ │◖▪ ⌂╠┘⌐◒ꜝ♇♪─ 2 ⱳꜞⱴכ ⌐

╟∫≡ ↕╣≡⅔╡ ─◖▪ ⌐ ⇔≡dn/dt╩ ∆╢↓≤│ ⇔™ ∕↓

≢ ≢│ ─ ≢─GI◖▪⅜ ∆ │ ∕─ ≢◖▪⌂

╠┘⌐◒ꜝ♇♪─ ╩ ™≡ ⇔√ ≢ ⇔√ Fig. 5-5╟╡ ⅛╠─

⌐ ™ ⌐╟╠∏MFD│ ∆╢ ╩ ⇔≡™╢ ╕√ GI◖▪│

SI ◖▪⌐ ═≡ ⅝⅜ ⅝™⅜ ↓╣│ ⌐╟╡ ─D⅜ ⇔ ◖▪ ┼

─ ─ ∂ ╘ ⅜ ╕∫√↓≤⌐ ™ ⌐╟╢◖▪ ┼─ ∂ ╘

⅜GI ◖▪≢ ⇔√↓≤╩ ⇔≡™╢  

─ ╩╙≤⌐ ⱳꜞⱴכ ≤SMF ─ ╩ ⌂╢◖▪◘▬☼

⌐ ⇔≡ ⌂╢ ≢ ⇔√ ╩Table 5-2⌐ ∆ Table 5-2╟╡ 50 

oC ─ ≢╙ ™◖▪◘▬☼ ≢SMF≤─ ⌂ ⅜ ↕╣≡™╢↓

≤⅜╦⅛╢ ↓╣│ Fig. 5-4, 5-5≢ ⇔√ ╡ ⌐◖▪◘▬☼╛D│ ∆╢

╙── ∕╣⌐╟╢MFD ⌐╟∫≡ ∂╢ ┼─ │ ⅝ↄ⌂™↓≤╩ ⇔≡

™╢ ≢ 150 oC≢│ 0.35 dB─ ( ה )⅜ ⇔≡⅔╡ MFD

─ ⅜ ≢⅝⌂™꜠ⱬꜟ≢ ⅝ↄ⌂∫≡™╢↓≤⅜╦⅛╢ 150 oC≤™℮ │

⌐ ⇔√ ╡ ⌂ ≢│№╢╙── ⌐ ™ ≢─ ⅜ ╘╠╣╢

╕√ ⱳꜞⱴכ⅜ ∆ ─ ⅜ ⸗♦ꜟ≤⇔√ ╟╡╙ ⅝™

⌐│ ⅜ ⅝ↄ⌂╢≤ ⅎ╠╣╢  
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Table 5-2 ⌂╢ ≢─ⱳꜞⱴכ ≤SMF─  

 

 

5.3.3.  Ɇɓɇº -SiOx ǡּד ∟  

 SMF≤─ ⌐ ⅝ ⱳꜞⱴכ ≤SiOx ╩ ∆╢  

│∂╘⌐ SiOx ⅜ ∆ ─ ⌐≈™≡ ∆╢ SiOx

╩ ∆╢2 ─ │ ◖▪ SiOx dncore/dt = 9.5Ĭ10-6 /K◒ꜝ

♇♪ SiO2 dncladding/dt = 1.4Ĭ10-5 /K≤⇔√[15]⌂⅔ ⱳꜞⱴכ≤ ⌂╡↓╣╠ ◦ꜞ

◖fi ─ │dn/dt⅜ ─ ╩ ⇔≡™╢⅜ ↓╣│ (5-3)≢ ⇔√ ─

╩ ∆Lorentz-Lorenz₡ ₢ ─ 1 ─ ─ ⅜ ≢№╢

√╘≢№╢ SiO2─CTE│1.1 ppm/K≢№╡ ╘≡ ↕ↄ Lorentz-Lorenz

─ ⅜ ⌐ ↕™↓≤⅜╦⅛╢ ↕≡ ↓─╟℮⌐SiOx ─ ⅜ ∆dn/dt

─ │ⱳꜞⱴכ ─dn/dt≤ ∆╢≤1 ↕ↄ ◖▪-◒ꜝ♇♪ ─dn/dt

╙ 5.5Ĭ10-6 /K≤⅛⌂╡ ↕™ ↓╣╠─ Ɽꜝⱷכ♃╩ ⇔ ⌂╢

Core size (mm) 4 5 6 7 8 9 10 11 12 13 14 15

SI 0.48 0.40 0.25 0.12 0.051 0.036 0.075 0.16 0.28 0.42 0.59 0.78

horizontal GI 0.28 0.34 0.31 0.23 0.17 0.13 0.12 0.14 0.18 0.24 0.32 0.41

square GI 0.20 0.22 0.26 0.25 0.21 0.15 0.11 0.066 0.038 0.020 0.011 0.011

circular GI 0.24 0.22 0.28 0.28 0.24 0.19 0.14 0.091 0.055 0.030 0.016 0.010

Core size (mm) 4 5 6 7 8 9 10 11 12 13 14 15

SI 0.33 0.29 0.18 0.086 0.033 0.033 0.082 0.17 0.30 0.45 0.62 0.80

horizontal GI 0.18 0.23 0.21 0.16 0.12 0.10 0.10 0.13 0.18 0.25 0.33 0.43

square GI 0.29 0.15 0.16 0.16 0.13 0.094 0.061 0.035 0.018 0.010 0.010 0.019

circular GI 0.42 0.16 0.18 0.18 0.16 0.12 0.084 0.051 0.028 0.014 0.009 0.012

Core size (mm) 4 5 6 7 8 9 10 11 12 13 14 15

SI 0.20 0.19 0.11 0.048 0.018 0.035 0.10 0.19 0.32 0.48 0.65 0.84

horizontal GI 0.16 0.13 0.12 0.10 0.1 0.1 0.1 0.13 0.19 0.26 0.35 0.46

square GI 0.62 0.16 0.10 0.086 0.067 0.045 0.026 0.013 0.008 0.011 0.022 0.040

circular GI 0.92 0.21 0.12 0.10 0.085 0.062 0.039 0.021 0.010 0.007 0.013 0.026

50 

75 

100 

Core size (mm) 4 5 6 7 8 9 10 11 12 13 14 15

SI 0.77 0.59 0.37 0.20 0.09 0.05 0.07 0.14 0.25 0.39 0.56 0.74

horizontal GI 0.56 0.59 0.49 0.37 0.27 0.20 0.17 0.17 0.20 0.25 0.32 0.40

square GI 0.31 0.46 0.49 0.44 0.36 0.28 0.20 0.14 0.093 0.057 0.032 0.018

circular GI 0.29 0.47 0.53 0.49 0.42 0.33 0.25 0.18 0.12 0.077 0.046 0.026

Core size (mm) 4 5 6 7 8 9 10 11 12 13 14 15

SI 0.63 0.50 0.32 0.16 0.07 0.04 0.07 0.15 0.26 0.41 0.57 0.76

horizontal GI 0.42 0.47 0.40 0.30 0.22 0.17 0.14 0.15 0.19 0.24 0.32 0.41

square GI 0.22 0.34 0.38 0.35 0.28 0.22 0.15 0.10 0.064 0.036 0.019 0.012

circular GI 0.22 0.33 0.40 0.39 0.33 0.26 0.19 0.13 0.087 0.052 0.029 0.016

125 

150 

©2025 Optica  
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≢SiOx ⅜ ∆ Ɽꜝⱷכ♃≤ ◖▪⅛╠ ↕╣╢ ╩ ⇔ Table 

5-3⌐╕≤╘√  

 

Table 5-3 ⌂╢ ≢─SiOx ─Ɽꜝⱷכ♃≤ ─  

  

 

 Table 5-3╟╡ ⇔√dn/dt─ ↕↕⌐╟╡ ◖▪≤◒ꜝ♇♪≤╙⌐ ─ │

↕ↄ ≤⇔≡D─ ╙╒≤╪≥ ╠╣≡™⌂™↓≤⅜╦⅛╢ ╕√ CTE─

√╘⌐Core size─ ╙⌂ↄ D─ ╙№╦∑≡ ◖▪⅛╠ ↕╣╢

⌐╙ │⌂™ ⇔√MFD╙25 oC⅛╠150 oC┼─ ≢№∫≡╙

0.006 mm ─ ⇔⅛⌂ↄ ↓╣╕≢ ⇔≡⅝√ⱳꜞⱴכ ⅜ ∆ ─

≤ ⇔≡╙ ≢⅝╢╒≥ ↕™ ∕↓≢ ⌐ ╩ ⇔≡ ╘√

SMF≤─ ≤─ ⌂ ─√╘ ↕╠⌐│ⱳꜞⱴכ ─

⌐─╖ ∆╢═ↄ ─ SiOx ≤─ ≢ SiOx

─ │ ∆╢↓≤≤⇔√  

─╙≤ ⌂╢◖▪◘▬☼ ╩ ∆╢ⱳꜞⱴכ ⌐ ⇔≡

SiOx ≤─ ╩ ⇔√ ≢│ ≤⇔≡ ⌂╢ ⌐ ⇔≡◖▪

◘▬☼4 mm─ⱳꜞⱴכ ≤SiOx ≤─ ╩ ⇔√ ╩Fig. 5-6⌐

∆ ⌂⅔ ∆═≡─◖▪◘▬☼⌐ ∆╢ ⌐≈™≡│ Appendix⌐ ⇔√  

 

Temperature (
o
C) 25 50 75 100 125 150

n core 1.506 1.507 1.507 1.507 1.507 1.507

n cladding 1.447 1.447 1.448 1.448 1.448 1.449

D (%) 3.872 3.864 3.855 3.847 3.838 3.830

Core size 3.000 3.000 3.000 3.000 3.000 3.000

MFD_x 3.108 3.109 3.110 3.111 3.112 3.114

MFD_y 3.139 3.140 3.141 3.142 3.143 3.144

NFP
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Fig. 5-6 ⌂╢ ≢─SiOx ≤◖▪◘▬☼4 mmⱳꜞⱴכ ─ 

 

 

Figure 5-6╟╡ 25 oC≢│SiOx ≤─ ™ ╩ ⇔≡™╢↓≤⅜╦⅛╢

↓╣│ 4 ≢╙ ⇔√ ╡ ⱳꜞⱴכ ≤ SiOx ─D─ ⌐ ⇔

≡™╢ ≢ ─ ⌐ ™ ≢ ─ ⅜ ╠╣ 150 oC≢│SI ⱳ

ꜞⱴכ ⌐≡ 1.3 dB╕≢─ ⅜ ≢⅝╢ ↓╣│ ⌐ ™ⱳꜞⱴכ

─D⅜ ∆╢↓≤≢ SiOx ≤─D─Ⱶ☻ⱴ♇♅⅜ ∆╢ ⌐ ™√

√╘≢№╢  

 

5.4. [ ] דּ ∟ ǡ )לּ ) 

5.4.1.  dn/dtǡ  

 ≢─ ⌐╙ 2 ≢ ⇔ⱳꜞⱴכ ╩ ∆╢ ≈╕╡ ⱨ◊

♩ꜞ♁◓ꜝⱨ▫ ≢ ⇔√ SI ⱳꜞⱴכ ⅔╟┘ⱨ◊♩▪♪꜠☻ ≢

⇔√ GI ⱳꜞⱴכ ─2 ─ ╩ ∫√ ↓─≤⅝ ⱳꜞⱴכ

≤⇔≡ ⱨ◊♩ꜞ♁◓ꜝⱨ▫ ⌐│ORMOCERÈ ⱨ◊♩▪♪꜠☻ ⌐│ ⱬכ◒ꜝ

▬♩ ─ⱡꜟⱲꜟⱠfi ╩ ™≡™╢ 5.3.⌐≡ⱳꜞⱴכ ─

⌐│ ╩ ∆╢ⱳꜞⱴכ─ ⅜ ⅝⌂ ╩ ⇔≡™╢↓

≤⅜╦⅛∫√ ∕↓≢╕∏│∕╣∙╣─ⱳꜞⱴכ⅜ ∆dn/dt╩ ⌐ ⇔√  

 dn/dt─ ⌐│ 3 ≤ ⌐ⱷ♩ꜞ◖fi ─ⱪꜞ☼ⱶ◌ⱪꜝ╩ ⇔√ ⌐│

⅜ ↕╣≡⅔╡ ◘fiⱪꜟ╩ ↕∑⌂⅜╠ ╩ ∆╢↓≤⅜≢⅝

╢ ─ ≤ ─ ╩Fig. 5-7⌐ ∆  
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Fig. 5-7. ─ ≤  

 

 ╩ ™≡ ⌂╢ ⌐ ⇔≡ⱳꜞⱴכ─ ╩ ∆╢↓≤≢ ⱳꜞⱴכ─

dn/dt╩ ∆╢ ╕∏ ⱨ◊♩ꜞ♁◓ꜝⱨ▫ ≢ ™√ ORMOCERÈ

3 (OrmoCoreOrmoCladOrmoMix)─ ╩ ⌂╢ ⌐ ⇔≡ ⇔√ ╩Table 

5-4 Table 5-5 Table 5-6⌐ ∆ ╕√ Fig. 5-8⌐ 1310 nm≢─ ─

╩╕≤╘√  

 

Table 5-4 OcmoCore─ ─  

 

 

Table 5-5 OcmoClad─ ─  

 

 

Table 5-6 OrmoMix─ ─  

 

 

50 50

ФзЇЭ

ᾁ Ṁ

Refractive index
Sample temperature(̆ ) 30 40 50 60 70 80 90 100

wavelength(nm) TE TM TE TM TE TM TE TM TE TM TE TM TE TM TE TM

Measured value

404 1.58235 1.58271 1.58091 1.5819 1.5801 1.5801 1.5801 1.57874 1.57694 1.57739 1.57532 1.57567 1.57396 1.57423 1.57233 1.57233

632.8 1.55157 1.55148 1.55059 1.55013 1.54951 1.54924 1.54826 1.54762 1.547 1.54664 1.54583 1.54493 1.54421 1.54385 1.54268 1.54268

831.5 1.54312 1.5432 1.5424 1.5424 N/A N/A 1.53989 1.54007 1.53846 1.53837 1.53712 1.53729 1.53577 1.53568 1.53424 1.53442

Culculated value
1310 1.53633 1.53665 1.53587 1.53654 N/A N/A 1.5333 1.53436 1.53149 1.53179 1.5299 1.53144 1.52889 1.52918 1.52735 1.52774

1550 1.53504 1.53542 1.53463 1.53546 N/A N/A 1.53206 1.53331 1.53015 1.53054 1.52851 1.53035 1.52757 1.52794 1.52603 1.52647

Refractive index
Sample temperature(̆ ) 30 40 50 60 70 80 90 100

wavelength(nm) TE TM TE TM TE TM TE TM TE TM TE TM TE TM TE TM

Measured value

404 1.56445 1.56491 1.56255 1.56291 1.56091 1.561 1.55955 1.55964 1.55746 1.55728 1.55592 1.55582 1.55383 1.55419 1.55264 1.55273

632.8 1.53503 1.53493 1.53322 1.53295 1.53177 1.53141 1.53006 1.52978 1.52816 1.52797 1.52644 1.52625 1.5249 1.52444 1.52308 1.52299

831.5 1.52678 1.52704 1.52507 1.52524 1.52371 1.52398 1.52218 1.52226 1.52055 1.52064 1.51865 1.51874 1.51703 1.51748 1.51513 1.51548

Culculated value
1310 1.52009 1.52082 1.51849 1.51923 1.51721 1.51826 1.51593 1.51646 1.51459 1.51501 1.5125 1.51292 1.51073 1.51232 1.5088 1.50968

1550 1.51881 1.51965 1.51723 1.5181 1.51597 1.51719 1.51474 1.51538 1.51347 1.51396 1.51134 1.51184 1.50954 1.51138 1.5076 1.5086

Refractive index
Sample temperature(̆ ) 30 40 50 60 70 80 90 100

wavelength(nm) TE TM TE TM TE TM TE TM TE TM TE TM TE TM TE TM

Measured value

404 1.57631 1.57603 1.57504 1.57486 1.57315 1.57332 1.57152 1.57161 1.56989 1.56998 1.56835 1.56844 1.56663 1.56644 1.56527 1.56499

632.8 1.5452 1.54493 1.54412 1.54385 1.54259 1.54232 1.54115 1.54079 1.53962 1.53935 1.538 1.53782 1.53674 1.5362 1.53521 1.53484

831.5 1.5373 1.53738 1.53631 1.5363 1.53487 1.53496 1.53308 1.53325 1.53146 1.53172 1.53031 1.53043 1.52867 1.52867 1.52714 1.52731

Culculated value
1310 1.53118 1.53166 1.53028 1.53058 1.52891 1.52945 1.52669 1.52752 1.52496 1.52587 1.52436 1.52485 1.52223 1.52289 1.52072 1.52153

1550 1.53004 1.53061 1.52915 1.52952 1.52779 1.52845 1.52549 1.52646 1.52372 1.52478 1.52325 1.52383 1.52101 1.52182 1.51951 1.52045
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Fig. 5-8 1310 nm─ORMOCERÈ ─  

 

 Table 5-4 Table 5-5 Table 5-6╟╡ ◘fiⱪꜟ─ ⌐ ™ ה ⌐ ╦╠∏

⅜ ⇔≡™╢↓≤⅜╦⅛╢ ↓╣│5.2≢ ═√ ╡ ⱳꜞⱴכ≢│ (5-3)₡ ₢

─ ⅜ ⅝™√╘ ⌐ ⇔≡ │ ─ ⌐ ╩∆╢√╘≢№

╢ ╕√ OrmoCore≤OrmoClad─ ≢№╢OrmoMix─ │ ∆═≡─

≢OrmoCore≤OrmoClad─ ─ ╩≤∫≡™╢↓≤⅜ ≢⅝╢ ≤

⇔≡ 633 nmTE ─ nTE─ ╩Table 5-7⌐╕≤╘√ ╕√ Table 5-7

─ ⌐ OrmoMix─ ⅛╠─ ≢ ↕╣╢ OrmoMix─ ╩ ⇔≡

™╢  

 

Table 5-7 ORMOCERÈ ─ @632.8 nm≤OrmoMix─  

 

 

Table 5-7─ ≤ ╟╡ ⅜╒≤╪≥ ⇔≡™╢↓≤⅜ ≢⅝╢ ⇔

√⅜∫≡ OrmoMix─ │ ⌐ ╦╠∏ OrmoCore≤ OrmoClad─

⅛╠ ⌐ ≢⅝╢↓≤⅜╦⅛∫√  

≈≠™≡  TE ─ nTE─ ⌐ ∆╢ ⅝╩ dnTE/dt≤⇔≡ ⇔ ⌂╢

⌐ ⇔≡ ⇔√ ╩Table 5-8⌐╕≤╘√  

 

Table 5-8 ORMOCERÈ ─dn/dt─  

 

1.505

1.510

1.515

1.520

1.525

1.530

1.535

1.540

20 40 60 80 100

R
e

fr
a

c
ti
v
e

 i
n
d

e
x

Temperature ( )

OrmoCore OrmoClad OrmoMix

Sample temperature(ṹ) 30 40 50 60 70 80 90 100

OrmoCore 1.552 1.551 1.550 1.548 1.547 1.546 1.544 1.543

OrmoClad 1.535 1.533 1.532 1.530 1.528 1.526 1.525 1.523

OrmoMix 1.545 1.544 1.543 1.541 1.540 1.538 1.537 1.535

CalculatedOrmoMix 1.545 1.544 1.543 1.541 1.540 1.539 1.537 1.535

dnTE/dt(˷10-4) OrmoCore OrmoClad OrmoMix

404 nm -1.5 -1.7 -1.6

632.8 nm -1.3 -1.7 -1.5

831.5 nm -1.3 -1.6 -1.5

1310 nm(calculated) -1.3 -1.6 -1.5

mailto:各Ormocer樹脂の屈折率@632.8
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 Table 5-8≢ ∆═⅝│ OrmoCore≤OrmoClad─ ≢№╢OrmoMix─dnTE/dtt

⅜ ⌐╟╠∏ ⌐ ─ ⅛≈ ⅛╠ ↕╣╢ ⌐ ⇔™ ╩≤∫≡™╢↓

≤≢№╢ ≈╕╡ Table 5-7─ ≤ ╦∑≡ OrmoMix─ ⌂╠┘⌐

─ │ OrmoCore≤ OrmoClad─ ⌐ ↄ ∆╢↓≤⅜ ╠⅛≤⌂∫√

≢ ⌐ ╠╣√ⱳꜞⱴכ─ dn/dt│Table 3-1≢ ⇔√ⱷכ◌

[16]≤ ⇔≡ ↕™ ↓╣│ ─ ™╛ ⱪꜞ☼ⱶ◌ⱪꜝ⌐╟╢ ⌐ ™

√ ─◘fiⱪꜟ⅜ ⅝ↄ ≤⇔√◦ꜞ◖fi►◄Ɫ⅜ ≤⇔≡

⇔ ⌐ ⇔⌂⅛∫√ ⅜ ⅎ╠╣╢  

 ≈≠™≡ ⱨ◊♩▪♪꜠☻ ≢ ™√ⱳꜞⱴכ ─ ≢№╢ⱡꜟⱲꜟⱠfi

⌐≈™≡╙ ─ ╩ ∫√ ╩Table 5-9 Table 5-10⌐ ∆ ⌂⅔ ORMOCERÈ

─ ╟╡ ⌐ ⇔≡ ─ │ ≢№╢↓≤⅜ ≢⅝√√╘ ⱡꜟⱲꜟ

Ⱡfi ⌐ ⇔≡│20 oC ╖≢ ╩ ⇔√  

 

Table 5-9 ⱡꜟⱲꜟⱠfi ─ ─  

 

 

Table 5-10 ⱡꜟⱲꜟⱠfi (◒ꜝ♇♪)─ ─  

 

 

Table 5-11 ⱡꜟⱲꜟⱠfi ─dn/dt─  

 

 

ORMOCERÈ ≤ ⌐TE ─ nTE─ ⌐ ∆╢ ⅝╩dn/dt≤⇔≡ ⇔

⌂╢ ⌐ ⇔≡ ⇔√ ╩Table 5-11⌐╕≤╘√ Table 5-11╟╡ ◖▪-◒

ꜝ♇♪ ─ ⌐ │╒≤╪≥⌂™↓≤⅜╦⅛╢ 1310 nm⌐⅔

Sample temperature(̆ )

wavelength(nm) TE TM TE TM TE TM TE TM TE TM

404 1.51211 1.50981 1.51027 1.50797 1.50742 1.50714 1.50475 1.50254 1.50199 1.49977

632.8 1.48759 1.48686 1.48594 1.48566 1.48337 1.48309 1.48079 1.48061 1.47794 1.47776

831.5 1.48361 1.48205 1.482224 1.48031 1.47967 1.47783 1.47719 1.47526 1.47435 1.47242

1310 1.48139 1.47871 1.47859 1.47629 1.47773 1.47408 1.47536 1.4712 1.47253 1.46838

1550 1.48107 1.47813 1.47794 1.47555 1.47747 1.47342 1.47512 1.47045 1.4723 1.46764

Measured value

Calculated value

Refractive index
30 50 70 90 110

Sample temperature(̆ )

wavelength(nm) TE TM TE TM TE TM TE TM TE TM

404 1.50474 1.50213 1.50259 1.50013 1.49995 1.4984 1.49738 1.49511 1.49462 1.49234

632.8 1.48181 1.48145 1.4799 1.47962 1.47759 1.47742 1.47517 1.47488 1.47263 1.47239

831.5 1.4769 1.47507 1.47489 1.47301 1.47264 1.47064 1.47031 1.46822 1.46757 1.46574

1310 1.47345 1.4697 1.47056 1.46736 1.46908 1.46483 1.46685 1.46248 1.46385 1.45997

1550 1.47284 1.46866 1.46976 1.46625 1.46845 1.46368 1.46623 1.46134 1.46318 1.45883

Measured value

Calculated value

Refractive index
30 50 70 90 110

dnTE/dt (˷10
-4
)

404 nm

632.8 nm

831.5 nm

1310 nm(calculated)

-1.4

-1.3

-1.3

-1.3

-1.5

-1.4

-1.3

-1.3

core cladding
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↑╢◖▪≤◒ꜝ♇♪─ dn/dt │ 0.3Ĭ10-5≢№╡ Table 5-8⅛╠ ╘╠╣╢ OrmoCore≤

OrmoMix─ dn/dt ≤ ⇔≡ 1/10 ≤ ↕™ ↓╣│ ⱨ◊♩▪♪꜠☻ ⌐╟

∫≡ ∆╢◖▪-◒ꜝ♇♪ ─ │ UV ─ ⌐╟╢╙─≢№╡ ⱬכ☻─ⱳ

ꜞⱴכ ⌐ ⅝⌂ ™⅜⌂™√╘≤ ↕╣╢ ⇔√⅜∫≡ ⱨ◊♩▪♪꜠☻ ≢ ↕

╣√ⱳꜞⱴכ │ ⌐ ℮ ─ ╩ ↕∑ ≢

─ ⅜ ≢⅝╢↓≤⅜╦⅛∫√  

 

5.4.2.  MFDǡּד ∟  

 ≈≠™≡ ⱳꜞⱴכ ─ ─ ╩ ∆═ↄ ⅛╠─

NFP╩ ⇔ ∕─ ╩ ∆╢↓≤≤⇔√ ⌐ ™√ ╩Fig. 5-9⌐ ∆

⌐╟∫≡ ⌂Ɑꜟ♅▼ ☺כ♥☻╩ ⌐ ⇔ Ɑꜟ♅▼ ⌐ⱳ

ꜞⱴכ ╩ ⇔√ ╕√ ⱳꜞⱴכ ⌐ ☿fi◘╩ ╡ ↑

─ⱳꜞⱴכ ╢™≡⇔כ♃♬⸗╩  

 

 

Fig. 5-9 ⱳꜞⱴכ ─NFP  

 

╕∏ ⱪ꜡כⱩ≢№╢SMF⌐ ⅛╠─ ╩ ⇔ ⱪ꜡כⱩ╩ ⇔≡™╢

╩☺כ♥☻ ⅛∆↓≤≢ ⇔√ ⅜ ≤⌂╢ ≢ ∆╢ ∕─ Ɑ

ꜟ♅▼ ⌐ ╩ ⅎ╢↓≤≢ⱳꜞⱴכ ─ ╩ ↕∑╢↓≤≢ ⱳꜞⱴכ

◖▪⅛╠ ↕╣╢NFP─ ╩ ⇔√  

 ≢ ↕╣√ SI ⱳꜞⱴכ ─NFP ╩ ⌂╢ ╩

≈◖▪⌐ ⇔≡ ⇔√ ╩Table 5-12⌐ ∆ ⌂⅔ ─ √⇔כ♃♬⸗│⌐

─ ⌐│ ─◖▪ ╩ ⇔√ ╕√ Table 5-12─NFP ⅛╠

⌂╠┘⌐ ─MFD╩ ⇔ Table 5-13Table 5-14⌐∕╣∙╣╕≤╘√  

 

 

 

 

 

Laser

1310 nm

Waveguide

SMF-28

Peltier

element

NFP camera

29.8 mm

30.0 mm

Thermal 

sensor

Voltage

source
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Table 5-12 NFP─◖▪ ≤ ─  

 

 

Table 5-13 MFD≤◖▪ ─  

 

Table 5-14 MFD≤◖▪ ─  

 

1.3 3.3 4.8 7.1 7.6

room

temperature

46

62

81

100

NFP
Core width (mm)

T
e
m

p
e
ra

tu
re

 (o
C

)

1.3 3.3 4.8 7.1 7.6

22 25.4 7.97 7.77 8.65 9.47

46 27.7 7.16 8.07 8.87 9.40

62 27.8 8.48 7.98 8.85 9.62

81 28.4 7.18 8.15 8.37 9.75

100 28.0 7.74 8.00 8.72 9.04

Core width (mm)

T
e
m

p
e
ra

tu
re

 (
 

o
C

)

(mm)

1.3 3.3 4.8 7.1 7.6

22 17.4 9.23 8.45 7.72 8.55

46 10.0 9.60 8.57 7.99 7.85

62 9.70 10.9 8.44 8.38 7.85

81 9.36 9.9 8.06 7.74 7.72

100 10.5 10.3 8.10 8.07 8.02

Core width (mm)

T
e
m

p
e
ra

tu
re

 (
 

o
C

)

(mm)
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 Table 5-13╟╡ ≢─MFD─◖▪ ⌐ ∆╢≤ MFD─ ╩

╢◖▪ │ 4.8 mm≢№╢↓≤⅜╦⅛╢ ↓─ ⌐⅔↑╢ MFD─ ╩ ∆═

ↄ ≤ ∂ ≢◦Ⱶꜙ꜠כ◦ꜛfi╩ ™ ⇔√ ≤ ─ ╩Fig. 

5-10⌐ ∆  

 

 

Fig. 5-10 ⌐⅔↑╢ ≤ ≢ ╠╣√◖▪ ≤ MFD─  

 

Figure 5-10╟╡ ◦Ⱶꜙ꜠כ◦ꜛfi ╙◖▪ 4.8 mm≢ MFD│ ╩ ∫≡™╢↓≤

⅜ ⇔√ ╕√ ∕─ ─MFD⌐≈™≡╙ ⅔⅔╗⌡ ≤ ⇔≡™╢↓≤⅜╦⅛

╢  

≢ Table 5-14≢│ ─MFD⌐≈™≡│◖▪ 7.1 mm ⌐ ╩ ⇔≡™

╢ ↓∟╠⌐≈™≡╙◦Ⱶꜙ꜠כ◦ꜛfi╩ ™ ◖▪ ≤ ─MFD⌐≈™≡Fig. 5-

11⌐ⱪ꜡♇♩⇔√ Fig. 5-11╟╡ ◦Ⱶꜙ꜠כ◦ꜛfi ≢│ MFD│ ╩ ⇔≡⅔╠

∏ ≤ ⌂╢ ╩ ⇔≡™╢↓≤⅜╦⅛╢ ↓╣│Table 5-14⅛╠╙╦⅛╢╟℮⌐

◖▪ 7.1 mm │ MFD─◖▪ ⅜ ↕™ ≢№╡ ─MFD⌐│

╒≤╪≥ ⅜⌂ↄ ⌐╟∫≡ ≤⇔≡ ↕╣√╙─≤ ⅎ╠╣╢  

 

 

Fig. 5-11 ⌐⅔↑╢ ≤ ≢ ╠╣√◖▪ ≤ MFD─  
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≈≠™≡ Table 5-13 Table 5-14⌐≡ ⅜ ≢│ ≢─NFP⌂╠┘⌐MFD

─ ⌐ ⇔√≤↓╤ ⌐ ℮MFD─ ⅜ ╠╣≡⅔╡ ⱳꜞⱴכ

─ ⅜ ╩ ∆↓≤⅜ ≢⅝╢ MFD─ ╩◖▪ ◖▪ ↕≢

⌐ ∆═ↄ ⌐ ─MFD─ ╩MFDave.≤⇔ Table 5-15

⌐╕≤╘⌂⅔⇔√  

 

Table 5-15 MFDave.≤◖▪ ─  

 

 

Table 5-15╟╡ ◖▪ 1.3 mm⅔╟┘7.6 mm≢│ ≤≤╙⌐MFD─ ⅜

⅜ ≢⅝╢ ↓╣│ ⌐ ™D⅜ ⇔ ◖▪ ┼─ ∂ ╘ ⅜ ⇔√

√╘≢№╢ ≢ ∕─ ─◖▪≢│MFD─ │ ╠╣⌂⅛∫√ ↓╣│◖▪◘

▬☼ ⅜ ╩ ™√ ─ ™╙─≢№╡ ◦Ⱶꜙ꜠כ◦ꜛfi⌐ ⇔√ ≤

⅜ ╣⌂⅛∫√↓≤╛ ◒ꜝ♇♪⌐ 2 ─ ≢№╢ OrmoMix╩ ™√↓≤≢

⌂ ⅔╟┘ ─╝╠⅞⅜ ∂√↓≤ ↕╠⌐│◘fiⱪꜟ

─ ─ ⅜ ⅎ╠╣╢  

↕≡ Table 5-15≢│◖▪ 1.3 mm─MFD⅜ ⌐ ⅝ↄ ↕╣╢ ╙ ≢

⅝╢ ↓╣│◖▪ 1.3 mm⅜ ◖▪◘▬☼╩ ╢◖▪◘▬☼≢№╢↓≤⅛╠ ◖▪

╩ ∆╢ ⅜◖▪⅛╠ ⅝ↄ ╣∞⇔ ◒ꜝ♇♪⌐╕≢ ⅜∫√◄ⱣⱠ♇☿fi

♩ ⅜ ─ ≈╕╡│D─ ─ ╩ ⅝ↄ ↑╢↓≤╩ ⇔≡™╢ ↓

─ │ ◖▪◘▬☼╩ ⌐ ↕ↄ⇔≡☻ⱳ♇♩◘▬☼╩ ∆╢ Ɽכ♥ ⌐╟

╢ SSC ⅜ ⅝⌂ ╩ ∫≡⇔╕℮ ╩ ⇔≡™╢ ⇔√⅜∫≡ ☻

ⱳ♇♩◘▬☼ ─√╘─ Ɽכ♥ ─ SSC │ ⌐⅔↑╢ ╩

↑╛∆™↓≤╩ ⇔≡ ⌐ ∆╢ ⅜№╢↓≤⅜ ⇔√  

 

 

 

 

1.3 3.3 4.8 7.1 7.6

22 21.4 8.60 8.11 8.18 9.01

46 18.8 8.38 8.32 8.43 8.62

62 18.7 9.67 8.21 8.61 8.74

81 18.9 8.55 8.10 8.06 8.73

100 19.2 9.04 8.05 8.40 8.53

Core width (mm)

T
e
m

p
e
ra

tu
re

 (
 

o
C

)

(mm)
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5.5. [ ] דּ ȅ Ǌǒ¢Ɇɓɇº ǡ ∏ 

5.5.1.  ǡ  

 ↓↓╕≢─ ╩┤╕ⅎ SMF≤SiOx ⌐ⱳꜞⱴכ ╩ ⇔√

ꜞfi◒╩ ∆╢ ⌂⅔ ⌐4 ≢ ꜞfi◒≢─ⱳꜞⱴכ ◖▪─ ╩

⇔≡™╢⅜ Fig. 4-39≢ ⇔√ │ (25 oC)≢─ ≢№╡ ≢ ∂

╢ ┼─ ╩ ⇔≡™⌂™ ∕↓≢ ≢│ SMF≤SiOx ⌐ⱳꜞⱴ

כ ╩ ⇔√ ꜞfi◒≢─ⱳꜞⱴכ ◖▪─ ⌐≈™≡

╩ ⇔≡ ∆╢  

⌐4 ≢ ⇔√ ╡ ⱳꜞⱴכ ─ │ ∕╣∙╣─ ≢ ∂╢

─ ≤⇔≡ ⅎ╢↓≤⅜≢⅝ ╕√ ─ ╙∆═≡─ ⌐ ⇔≡

⌐ ╩ ⅎ╢≤ ⅎ╠╣╢↓≤⅛╠ ─ ⌐≈™≡╙ ─ ≤

⇔≡ ∆╢↓≤⅜≢⅝╢  

↕≡ ↓↓╕≢5.3.2.5.3.3.≢SMF ⌂╠┘⌐SiOx ≤ⱳꜞⱴכ ─

─ ⌐≈™≡ ╩ ∫≡⅝√ ╠╣√ ─ ╙ ∆═⅝

│ SMF≤ⱳꜞⱴכ ─ │ ⌐ ™ ⌐ ⅜ ∆╢─⌐

⇔ SiOx ≤─ ≢│ ⌐ ™ ⅜ ∆╢ ╩ ∆↓≤≢№╢

↓╣│ ⌐ ™ⱳꜞⱴכ ─D⅜ ∆╢√╘ D─ ™SMF≤─

─Ⱶ☻ⱴ♇♅⅜ ⅜╢ ≢ D─ ™ SiOx ≤─Ⱶ☻ⱴ♇♅⅜ ∆╢ ⌐

ↄ√╘≢№╢ ⇔√⅜∫≡ SMF≤SiOx ─ ⌐ⱳꜞⱴכ ╩ ⇔√ ≢

│ ⌐╟∫≡ ─ │ ↄ─◖▪◘▬☼ D ─ⱨ○♪כ꜠♩≢ ⌐

№╢≤™ⅎ╢ √∞⇔ ─ │ ⌐ ⇔ ℮╦↑≢│⌂ↄ ⱳꜞⱴכ

─ ⌐╟∫≡∕─┤╢╕™│ ⌂╢ ∕─√╘ ─ ≤⌂╢ ─╖

╩ ⇔√ⱳꜞⱴכ ─ ≤™∫√ ≢│ ╩ ⌐™╣╢

↓≤⅜≢⅝∏ ⌐╟∫≡ ⅝ↄ ⅜ ⇔ ꜞfi◒꜡☻Ᵽ☺▼♇♩╩ ⅝ↄ

⇔℮╢ ≤⌂∫≡⇔╕℮ ∕↓≢ ≢№╢25 oC ⌂╠┘⌐ ≤⇔≡

≤ ↕╣╢150 oC─2≈─ ╩ ⇔ ≢─ ╩ ∆

╢↓≤≢ ↕╣╢ ≢№∫≡╙ ≢ ⅜ ≢⅝╢ⱳꜞⱴ

כ ◖▪─ ╩ ∆╢↓≤╩ ⇔√  

 ≢│ ⱳꜞⱴכ ─◖▪ ≤⇔≡ Core size (◖▪ =◖▪ ↕)╩ ⇔

⇔≡⅝√ ⇔⅛⇔⌂⅜╠ Core size─ ≢│ⱳꜞⱴכ ─◖▪│ ⌐

↕╣≡⇔╕℮ ⱳꜞⱴכ ─◖▪│ ◖▪ ◖▪ ↕╩ ™ ≢

≢№╢↓≤⅛╠ ╩ ⇔√◖▪ ╩ ∆╢ ≢│ │ ≤

ⅎ ↓↓≢│ⱳꜞⱴכ ─◖▪⅜ (◖▪ ԛ◖▪ ↕)≤⌂╢ ╖ ╦∑⌐≈

™≡╙ ∆╢↓≤≤⇔√  

 │∂╘⌐ 25 oC 150 oC ≢─ SMF-ⱳꜞⱴכ ╩ ⇔√

⌂⅔ ≢│ ╩ ⌐∆╢ⱳꜞⱴכ ─ ╩ ⅎ≡─ ≢№



 

 

 

5  CPO ⌐ ↑√ⱳꜞⱴכ ─  

139 

╡ 4.3.1.≢ ™√ ─ ╩ ≢╙ ⇔√ 25 oC 150 oC⌐⅔↑╢SMF-

ⱳꜞⱴכ ─ ╩Fig. 5-12⌐ ∆ ⌂⅔ 25 oC ─SMF≤

ⱳꜞⱴכ ─ ⌐≈™≡│Table 4-3─ ╩ ⇔≡™╢  

 

 

Fig. 5-12 ◖▪ ╩ ⇔√ⱳꜞⱴכ ≤SMF─  

 

↓↓≢ Fig. 5-12⌐ ⇔√ ⌂╢ ≢─ │ ⅛≈ D

⌐⅔↑╢ⱳꜞⱴכ ─ ╩ ⇔√ ─ ≢№╡ ◖▪ ≢─

≢│⌂™↓≤ ╕√ ⌐ ⇔√D│25 oC≢─D≢№╢↓≤(150 oC≢│ ⌐◖▪-◒

ꜝ♇♪ ─dn/dt ⌐ ⇔≡D⅜ ⇔≡™╢)⌐ ∆╢ ⅜№╢ 150 oC≢─ ⌂╢

D─ⱳꜞⱴכ ⅜ ∆ SMF≤─ ≤ ∕─ ╩ ∆◖▪

▪◖ה ↕⌐≈™≡│Appendix⌐ ⇔√ Fig. 5-12╟╡ ─ ╩ ⅝ ↄ─

D ≢SMF≤─ (0.5 dB)╩ ⇔≡™╢↓≤⅜╦⅛╢ ⇔√⅜∫≡ √≤ⅎ

150 oC─╟℮⌂ ≢№∫≡╙ ⌂ⱳꜞⱴכ ─◖▪ ≢│ SMF

≤─ ⅜╒≤╪≥ ∂⌂™↓≤⅜ ⇔√  

≈≠™≡ 150 oC ≢─ⱳꜞⱴכ ≤SiOx ─ ╩ ⇔

─ ╩ ™≡Fig. 5-13⌐╕≤╘√ ⌂⅔ 25 oC ─ⱳꜞⱴכ -SiOx

─ ⌐≈™≡│Fig. 4-35─ ╩ ⇔≡™╢ ╕√ 150 oC≢─ ⌂

╢ D─ⱳꜞⱴכ ⅜ ∆SiOx ≤─ ≤ ∕─ ╩

∆◖▪ ▪◖ה ↕⌐≈™≡│Appendix⌐ ⇔√  

 

0.0

0.5

1.0

1.5

2.0

0.0 0.5 1.0 1.5 2.0

L
o

w
e
s
t 
c
o

u
p

lin
g
 l
o

s
s
 (
d

B
)

D(%) @ 25oC

SI

(25 )

SI

(150 )

Horizontal GI

(25 )

Horizontal GI

(150 )

Square GI

(25 )

Square GI

(150 )



 

 

 

5  CPO ⌐ ↑√ⱳꜞⱴכ ─  

140 

 

Fig. 5-13 ◖▪ ╩ ⇔√ⱳꜞⱴכ ≤SiOx ─  

 

 Figure 5-13╟╡ SiOx ≤─ │ ⅜ ⌐ ™ ⇔≡

™╢ ⅜ ╠╣≡⅔╡ SMF≤─ ≢ ╠╣√ ≤│ ⌂╢ ↓╣│

⌐╟∫≡ⱳꜞⱴכ ─D⅜ ⇔√ SiOx ♇ⱪ꜡ⱨ□▬ꜟ⅜ⱴ♪כ⸗─≥

♅fi◓∆╢ ⌐ ™√√╘≢№╢  

 ⌐ ↓↓╕≢─ ╩ ™≡ ╩ ⇔√ⱳꜞⱴכ ─

⌐≈™≡ ∆╢ ╘≡ ⱳꜞⱴכ ≤⇔≡ ∆╢ ꜞfi◒╩Fig. 5-14

⌐ ∆ ╕√ ⱪ꜡☿☻⌐╟∫≡ ↕╣╢ ≤⇔≡ ⱳꜞⱴכ ─D

⌂╠┘⌐◖▪ ↕│ ≢№╢↓≤≤∆╢ ≢ ⱴ☻◒ ⌐╟∫≡ ⌐ ⌂

ⱳꜞⱴכ ─◖▪ │ ⌐ ╦∑≡ ⌐ ≤⇔√  

 

 

Fig. 5-14 ⱳꜞⱴכ ─ ꜞfi◒  

 

 25 oC≢─ ◖▪ ⌐≈™≡│ ⌐ 4 ─Fig. 4-39≢ ⇔≡⅔╡ ◖▪

⌐ ∂╢ⱳꜞⱴכ ≢─ ─ │ SIⱳꜞⱴכ ≢0.6 

dB GI GI ⱳꜞⱴכ ≢1.0 dB≢№∫√ ↓─╟℮⌂ 25 oC≢

─ ◖▪ ∕╣∙╣─ⱳꜞⱴכ ⅜ 150 oC ≢ ∆ ─

╩ 25 oC≢─ ◖▪ ⌂╠┘⌐∕─ ⌐25 oC≢ ∆ ≤№╦∑

≡Fig. 5-15⌐╕≤╘√ Fig. 5-15╟╡ 25 oC≢│ ⌐╟╠∏1.0 dB─
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╘≡ ™ ╩ ⇔≡™√ ≢№∫≡╙ ≢│ ⅜ ⅝ↄ ⇔≡

⇔╕℮↓≤⅜ ⇔√ ⇔√⅜∫≡ ↕╣╢ ≢─ ╩ ╗

│ ⌐ ─ ⅜ ™ⱳꜞⱴכ ≢│ ≢∕─ ╩

≢⅝⌂™↓≤⅜ ↕╣√  

 

 

Fig. 5-15 25 oC≢─ ◖▪ ≤ⱳꜞⱴכ ─  

 

 ╕√ Fig. 5-15≢│ 150 oC≢─ │™∏╣─ ╩ ∆╢ⱳꜞⱴכ

≢╙ 4 ≢ ⇔√ 3.1 dB╩ ∫≡™╢⅜ ↓─╟℮⌂ ⌐

℮ │ꜞfi◒꜡☻Ᵽ☺▼♇♩╩ ⇔ ◦☻♥ⱶ ─ ╩ ⅛⇔⅛⌡⌂™ ∕

↓≢ 25 oC⌂╠┘⌐150 oC≢ ⌂ ╢ ™╩∆╢ ≈╕╡ ↕╣╢

≢ ⇔√ ╩ ∆ⱳꜞⱴכ ─ ╩ ∆╢  

 ─ ╩ ∆  

ᵑ ⱳꜞⱴכ ─D╩ ⇔ 25 oC 150 oC ≢ ⌂╢◖▪ ◖▪ ↕╩ ∆

╢ⱳꜞⱴכ ≤SMF─ ─ ╩ ℮  

 ≤⇔≡D = 0.4%─ ─SI ⱳꜞⱴכ ≤SMF─ ╩Table 5-16

Table 5-17⌐ ∆  

 

Table 5-16 SI ⱳꜞⱴכ (D = 0.4%)≤SMF─ @25 oC 

 

 

 

 

 

150 ṹ25 ṹ

0.6dB
SI

(photo lithography)

Horizontal GI
(photo address)

Square GI
(Imprint)

2.0%

ȹ

3ɛm

1.0dB 1.7% 5ɛm

1.0dB 1.8% 5ɛm

Side 1

14ɛm2ɛm

2ɛm2ɛm

2ɛm3ɛm

Side 2

2.6dB

2.3dB

2.2dB

2 3 4 5 6 7 8 9 10 11 12 13 14 15

2 8.1 5.5 3.0 1.5 0.9 0.7 0.5 0.5 0.4 0.5 0.5 0.6 0.5 0.7

3 5.5 1.9 0.6 0.3 0.2 0.1 0.1 0.2 0.2 0.2 0.3 0.4 0.4 0.5

4 3.1 0.6 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.5

5 1.6 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4

6 1.0 0.2 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.1 0.2 0.2 0.3 0.4

7 0.7 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.3

8 0.5 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.2 0.3

9 0.5 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.2 0.3

10 0.5 0.2 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.2 0.2 0.3

11 0.5 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3

12 0.5 0.3 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.4

13 0.6 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.4

14 0.6 0.4 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.3 0.3 0.4 0.5

15 0.7 0.5 0.5 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.5 0.5

C
o

re
 h

e
ig

h
t 

(µ
m

)

D = 0.4 %
Core width (µm)
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Table 5-17 SI ⱳꜞⱴכ (D = 0.4%)≤SMF─ @150 oC 

 

 

ᵒ ŋ ≢ ⇔√25 oC≤150 oC≢─ ╩ ∆╢  

 ≤⇔≡Table 5-18⌐ 25 oC≤150 oC─D = 0.4%─ ─SI ⱳꜞⱴכ ≤SMF

─ ╩ ⇔√ ╩ ∆  

 

Table 5-18 SI ⱳꜞⱴכ (D = 0.4%)≤SMF─  

(25 oC 150 oC≢─ ) 

 

 

ᵓ ⱳꜞⱴכ ─D╩0.1 ~ 2.0%≢ ↕∑ ᵑ ᵒ─ ╩ ╡ ⇔ ℮  

 

ᵔ ⱳꜞⱴכ ─ ⌂╢ ⌐ ⇔≡ᵑ ᵓ─ ╩ ℮  

 

ᵕ SiOx ≤ⱳꜞⱴכ ─ ⌐ ⇔≡ ᵑ ᵔ─ ╩ ℮  

≤⇔≡ Table 5-19⌐ 25 oC≤150 oC─D = 0.4%─ ─SIⱳꜞⱴכ ≤SiOx

─ ╩ ⇔√ ╩ ∆  

 

 

 

 

2 3 4 5 6 7 8 9 10 11 12 13 14 15

2 0.3 0.5 0.6 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.9 1.0 1.1

3 0.5 0.8 0.9 0.9 0.8 0.8 0.7 0.7 0.7 0.8 0.8 0.9 1.0 1.1

4 0.6 0.9 0.9 0.9 0.8 0.7 0.6 0.6 0.6 0.6 0.7 0.8 0.8 0.9

5 0.7 0.9 0.9 0.7 0.6 0.5 0.5 0.4 0.4 0.5 0.5 0.6 0.7 0.7

6 0.7 0.8 0.8 0.6 0.5 0.4 0.3 0.3 0.3 0.3 0.4 0.4 0.5 0.6

7 0.6 0.8 0.7 0.5 0.4 0.3 0.2 0.2 0.2 0.2 0.2 0.3 0.4 0.5

8 0.6 0.7 0.6 0.5 0.3 0.2 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.4

9 0.6 0.7 0.6 0.4 0.3 0.2 0.1 0.1 0.0 0.1 0.1 0.2 0.3 0.3

10 0.7 0.7 0.6 0.4 0.3 0.2 0.1 0.0 0.0 0.1 0.1 0.2 0.2 0.3

11 0.7 0.8 0.6 0.5 0.3 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.3 0.4

12 0.8 0.8 0.7 0.5 0.4 0.2 0.2 0.1 0.1 0.1 0.2 0.2 0.3 0.4

13 0.9 0.9 0.8 0.6 0.4 0.3 0.2 0.2 0.2 0.2 0.2 0.3 0.4 0.5

14 1.0 1.0 0.8 0.7 0.5 0.4 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.5

15 1.1 1.1 0.9 0.8 0.6 0.5 0.4 0.3 0.3 0.4 0.4 0.5 0.5 0.6

C
o

re
 h

e
ig

h
t 

(µ
m

)

D = 0.4 %
Core width (µm)

2 3 4 5 6 7 8 9 10 11 12 13 14 15

2 8.4 5.9 3.6 2.2 1.6 1.3 1.2 1.1 1.1 1.2 1.3 1.4 1.5 1.8

3 6.0 2.7 1.6 1.2 1.0 0.9 0.9 0.9 0.9 1.0 1.1 1.3 1.4 1.6

4 3.7 1.6 1.2 1.0 0.9 0.8 0.7 0.7 0.8 0.8 0.9 1.1 1.2 1.4

5 2.3 1.2 1.0 0.8 0.7 0.6 0.5 0.5 0.6 0.6 0.7 0.8 1.0 1.2

6 1.6 1.0 0.8 0.7 0.6 0.4 0.4 0.3 0.4 0.4 0.5 0.6 0.8 1.0

7 1.3 0.9 0.8 0.6 0.4 0.3 0.2 0.2 0.2 0.3 0.4 0.5 0.6 0.8

8 1.2 0.9 0.7 0.5 0.4 0.2 0.1 0.1 0.1 0.2 0.3 0.4 0.5 0.7

9 1.1 0.9 0.7 0.5 0.3 0.2 0.1 0.1 0.1 0.1 0.2 0.3 0.5 0.6

10 1.1 0.9 0.7 0.6 0.4 0.2 0.1 0.1 0.1 0.1 0.2 0.3 0.5 0.6

11 1.2 1.0 0.8 0.6 0.4 0.3 0.2 0.1 0.1 0.2 0.3 0.4 0.5 0.7

12 1.3 1.1 0.9 0.7 0.5 0.4 0.3 0.2 0.2 0.3 0.3 0.5 0.6 0.8

13 1.4 1.2 1.1 0.8 0.6 0.5 0.4 0.3 0.3 0.4 0.5 0.6 0.7 0.9

14 1.6 1.4 1.2 1.0 0.8 0.6 0.5 0.5 0.5 0.5 0.6 0.7 0.8 1.0

15 1.8 1.6 1.4 1.2 1.0 0.8 0.7 0.6 0.6 0.7 0.8 0.9 1.0 1.2

D = 0.4 %
Core width (µm)

C
o

re
 h

e
ig

h
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(µ
m

)
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Table 5-19 SI ⱳꜞⱴכ (D = 0.4%)≤SiOx ─  

(25 oC 150 oC≢─ ) 

 

 

 ↓↓╕≢≢ ╠╣√Table 5-18⌂╠┘⌐Table 5-19─℮∟ 25 oC 150 oC≢─

╩ ≤∆╢◖▪ (◖▪ ◖▪ ╖)⅜ ⅔╟┘ ≢ ╩ ╙

⌂SI ⱳꜞⱴכ ─ ≢№╢≤ ⅎ╠╣╢  

≈≠™≡ Table 5-18Table 5-19≢│◖▪ ↕⅔╟┘◖▪ ╩ ⌐ ↕∑≡

╩ ⇔≡™╢ ≢ ≢ ╘√ ╡ ⱳꜞⱴכ │ ⌐ ╦∑≡

◖▪ ╩ ⌐ ≢⅝╢⅜ ◖▪ ↕│ ⌐ ↕╣╢ ∕↓≢Table 5-18Table 5-

19─ ⌐ ⇔ №╢◖▪ ↕⌐ ⇔≡ ╩ ∆◖▪ ≤ ∕─ ─

╩ ⇔√ ≤⇔≡D = 0.4%─ ─SI ⱳꜞⱴכ ─ SMF⌂╠┘⌐SiOx

≤─25 oC 150 oC⌐⅔↑╢ ─ ⅜ ⱳꜞⱴכ ─ ◖▪ ↕⌐

⇔≡ ≤⌂╢ ╩ ∕─ ─ⱳꜞⱴכ ◖▪ ≤≤╙⌐Table 5-20⌐╕≤╘√  

 

Table 5-20 SI ⱳꜞⱴכ (D = 0.4%)≤SMF SiOx ─  

(25 oC 150 oC─ )≤∕─ ─ⱳꜞⱴכ ◖▪  

 

2 3 4 5 6 7 8 9 10 11 12 13 14 15

2 277.9 10.9 9.1 8.2 7.8 7.7 7.9 8.2 9.1 8.8 9.2 9.6 11.0 10.3

3 10.9 7.6 6.2 5.8 5.8 6.0 6.4 6.8 7.3 7.7 8.2 8.6 9.0 9.4

4 9.0 6.2 5.2 5.1 5.3 5.7 6.1 6.6 7.1 7.6 8.1 8.5 9.0 9.4

5 8.1 5.7 5.1 5.1 5.4 5.8 6.3 6.8 7.3 7.8 8.3 8.8 9.2 9.7

6 7.7 5.8 5.3 5.4 5.8 6.2 6.7 7.2 7.7 8.3 8.7 9.2 9.7 10.1

7 7.7 6.0 5.7 5.9 6.2 6.7 7.2 7.7 8.2 8.7 9.2 9.7 10.2 10.6

8 7.8 6.4 6.1 6.3 6.7 7.2 7.7 8.2 8.8 9.3 9.8 10.2 10.7 11.1

9 8.1 6.8 6.6 6.8 7.2 7.7 8.2 8.8 9.3 9.8 10.3 10.8 11.2 11.7

10 8.4 7.3 7.1 7.3 7.7 8.2 8.8 9.3 9.8 10.3 10.8 11.3 11.8 12.2

11 8.8 7.7 7.6 7.8 8.2 8.7 9.3 9.8 10.3 10.8 11.3 11.8 12.3 12.7

12 9.2 8.1 8.1 8.3 8.7 9.2 9.8 10.3 10.8 11.3 11.8 12.3 12.8 13.2

13 9.5 8.6 8.5 8.8 9.2 9.7 10.2 10.8 11.3 11.8 12.3 12.8 13.3 13.7

14 9.9 9.0 9.0 9.2 9.7 10.2 10.7 11.2 11.8 12.3 12.8 13.3 13.7 14.2

15 10.3 9.4 9.4 9.7 10.1 10.6 11.1 11.7 12.2 12.7 13.2 13.7 14.2 14.6

D = 0.4 %
Core width (µm)

C
o

re
 h

e
ig

h
t 

(µ
m

)

Total loss (dB) Core width (mm) Total loss (dB) Core width (mm)

2 1.1 10 7.7 7

3 0.88 8 5.8 5

4 0.71 9 5.1 5

5 0.52 9 5.1 4

6 0.34 9 5.3 4

7 0.20 9 5.7 4

8 0.10 9 6.1 4

9 0.06 9 6.6 4

10 0.08 9 7.1 4

11 0.13 9 7.6 4

12 0.22 9 8.1 4

13 0.33 9 8.5 4

14 0.48 10 9.0 4

15 0.63 10 9.4 4

D = 0.4 %

C
o

re
 h

e
ig

h
t 

(µ
m

)

SMF SiOx waveguide
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Table 5-20⌐≡ ⱳꜞⱴכ ≤SMF ─25 oC150 oC ⌐ ∆╢≤

ⱳꜞⱴכ ─◖▪ ↕9 mm ⌐ ╩ ∫≡™╢↓≤⅜╦⅛╢ ↓╣

│ ≢№╢ SMF─ ≤ ⇔≡™╢√╘≢№╢≤ ⅎ╠╣ ⌐ SMF─D│

0.4%⅛≈◖▪ │8.2 mm≢№╢(Fig. 5-1 ) ≢ SiOx ≤─ ≢

│◖▪ ↕5 mm─ ⌐ 5.1 dB╩ ⇔≡™╢ ↓╣│ ⌐Fig. 4-16≢

⇔≡™╢ ╡ ◖▪◘▬☼5 mm ≢ⱳꜞⱴכ ⅜ ∆MFD│ ≤⌂╡

≢№╢SiOx ─ ↕™☻ⱳ♇♩◘▬☼≤─ⱴ♇♅fi◓⅜ ™√╘≢№╢ ╕√  

SMF⌂╠┘⌐ SiOx ≤─ ⅜ ╩ ∆ⱳꜞⱴכ ─◖▪

│ Table 5-20╟╡[SMF◖▪ 9 mm ◖▪ ↕9 mm SiOx ◖▪ 4 mm ◖▪

↕5 mm]≢№╡ ◖▪ ⅜◖▪ ↕≤⅔⅔╗⌡ ⇔≡™╢↓≤⅜╦⅛╢ ≈╕╡

╩ ∆ ─ⱳꜞⱴכ ─◖▪⅜ ⌐ ™ ≢№╢↓≤╩ ⇔≡™╢⅜

↓╣│ ≢№╢ SMF⅔╟┘ SiOx ⅜™∏╣╙ ─ ╩ ⇔≡™

╢↓≤⌐ ∆╢  

↕≡ ≢ⱳꜞⱴכ ─◖▪ ↕│ ⌐ ⇔≡ ≤™℮ ╩

↑≡™╢ ⇔√⅜∫≡ Table 5-20─SMF⌂╠┘⌐SiOx ≤─ ╩

≤∆╢◖▪ [SMF◖▪ 9 mm ◖▪ ↕9 mm SiOx ◖▪ 4 mm ◖

▪ ↕5 mm]╩ ↕∑╢↓≤│≢⅝⌂™ ∕↓≢ ⱳꜞⱴכ ─◖▪ ↕╩ ≈─

⌐ ⇔√℮ⅎ≢ SMF⅔╟┘SiOx ≤─ ╩ ⇔√ ╩Fig. 5-

16⌐╕≤╘√  

 

 

Fig. 5-16 SI ⱳꜞⱴכ (D = 0.4%)≢─  

(25 oC 150 oC─ )  

 

Figure 5-16╟╡ ╩ ⇔√SMF≤SiOx ⌐ ⇔√ⱳꜞⱴכ

─ ⅜ ≤⌂╢ │ D = 0.4%─SI ⱳꜞⱴכ ≢│5.6 dB≢№╢
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↓≤⅜ ⇔√ ↓─5.6 dB≤™℮ │ ⌐ ∂╢ ≢│⌂ↄ 25 oC≤150 oC

≢∕╣∙╣ ∂╢ ─ ≢№╡ №ↄ╕≢╙№╢ ≢ ⅜

⌂┤╢╕™╩∆╢◖▪ ╩ ∆╢√╘─ ⌐∆⅞⌂™ Fig. 5-16≢│ ◖▪ ↕5 mm

─≤⅝⌐ ╩ ⇔≡™╢↓≤⅛╠ D = 0.4%─ ─SI ⱳꜞⱴכ

⌐ ⇔≡│ ↓─◖▪ ↕5 mm⅜ ╩ ⇔√ ◖▪ ≢№╢≤™ⅎ╢  

↓─╟℮⌐⇔≡ ⌂╢D ⌂╠┘⌐ ⌐ ⇔≡ ╩ ⇔√ ⌂◖

▪ ◖▪ ↕╩ ⇔√ ╩Table 5-21⌐╕≤╘√  

Table 5-21╟╡ ∂ ╘ ⅜ ≢⌂™D = 0.10.2%╩ ⅝ 25 oC≤150 oC─

╩ ⌐∆╢ⱳꜞⱴכ ─◖▪ ↕│ 5~6 mm ≤⌂∫≡⅔╡ SMF≤

SiOx ─◖▪◘▬☼─ ─ ╩ ∫≡™╢↓≤⅜ ⅛∫√ ≈╕╡ ꜞfi◒┼─

ⱳꜞⱴכ ╩ ⇔√ ╩ ⇔√ ≢─ ╩

⌐∆╢√╘⌐│ ™∏╣⅛─ ⌐ ⇔≡ ∆╢─≢│⌂ↄ ╩

∆╢╟℮⌂◖▪ ↕⅜ ≤™℮↓≤⅜ ⇔√ ≢ ⱳꜞⱴכ ─◖▪ ⌐

≈™≡│ ⱳꜞⱴכ ─ ≢ ≢№╢SMF №╢™│SiOx ⌐

™ ╩ ⇔≡⅔╡ ─ ╩ⱳꜞⱴכ ─◖▪ ≢ ℮↓≤≢

≤─ⱴ♇♅fi◓╩ ⇔≡™╢↓≤⅜╦⅛╢  

 

Table 5-21 SI ⱳꜞⱴכ ≤SMF⅔╟┘SiOx ─  

(25 oC 150 oC─ ) ≤∕─ ─◖▪  

 

 

╕√ Table 5-21╟╡ SMF≤SiOx ─25 oC≤150 oC─ ╩↕╠⌐

⇔√ ≈╕╡Table 5-21─2 ≤3 ─ ( ⌐≡↓─ ╩X≤

SMF SiOx waveguide
Core width (mm)

[SMF]

Core width (mm)

[SiOx waveguide]
Core height (mm)

0.10 1.4 12.6 11 7 9

0.20 0.4 8.7 9 6 7

0.30 0.3 6.5 9 5 6

0.40 0.5 5.1 9 4 5

0.50 0.7 4.2 9 4 5

0.60 0.8 3.5 10 4 5

0.70 0.7 3.1 10 3 5

0.80 1.1 2.7 10 3 5

0.90 1.2 2.3 10 3 5

1.0 1.3 2.1 11 3 5

1.1 1.4 1.9 11 3 5

1.2 1.5 1.8 11 3 5

1.3 1.6 1.6 11 3 5

1.4 1.7 1.5 11 3 5

1.5 1.7 1.4 11 3 5

1.6 1.8 1.3 11 3 5

1.7 1.9 1.3 11 3 5

1.8 1.9 1.2 11 3 5

1.9 1.4 1.7 11 3 6

2.0 1.4 1.7 11 3 6

Total coupling loss (dB) Polymer waveguide core design

D (%)
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∆╢) ╩ ⌐∆╢ │D = 2.0%SMF ─◖▪ 11 mm SiOx ─◖▪ 3 

mm ◖▪ ↕6 mm─ ≢№╢↓≤⅜╦⅛╢ ↓─╟℮⌐⇔≡ ╠╣√ⱳꜞⱴכ ─

◖▪ │ ╩ ⇔√ⱳꜞⱴכ ≢─ ╩ ⌐∆╢ SI

ⱳꜞⱴכ ≢─ ◖▪ ≤™ⅎ╢ ↓─ ◖▪ ≢│ ⱳꜞⱴכ │

D = 2.0%≤ ⅝™ ╩ ⇔≡⅔╡ ↓╣│D─ ™SiOx ⌐ ™ ≢№╢≤™ⅎ╢

↓─↓≤⅛╠ ╩ ⇔√ ≢№∫≡╙ 4 ≢ ⌐ ⇔√ ╡ SMF≤

─ ≤ ⇔≡ SiOx ≤─ ⅜ ⅝ↄ ─√╘⌐│

SiOx ≤─ ⅜ ↕╣╢↓≤⅜ ⇔√  

≈≠™≡ GI ⱳꜞⱴכ ⌂╠┘⌐ GI ⱳꜞⱴכ ⌐≈™≡╙

─ ╩ ∆╢↓≤≢ ⱳꜞⱴכ ≤SMF⅔╟┘SiOx ─

(25 oC 150 oC─ )╩ ╘√ SIⱳꜞⱴכ ─ ≤ ╦∑ ⌂╢D⌐

∆╢ⱳꜞⱴכ ≤SMF⅔╟┘SiOx ─ (25 oC 150 oC─

) ⅛╠ ╠╣╢ X╩Fig. 5-17⌐╕≤╘√ ⌂⅔ GI ⱳꜞⱴכ

⌂╠┘⌐ GI ⱳꜞⱴכ ─◖▪ ⌐≈™≡│Appendix⌐ ⇔√  

 

 

Fig. 5-17 ⌂╢ ─ⱳꜞⱴכ ─D≤X─  

 

 Figure 5-17╟╡ ⌐╟╠∏ D ≢X⅜ ™ ╩≤∫≡™╢↓≤⅜╦⅛╢

↓╣│∆≢⌐ ═√ ╡ SiOx ≤─ ⌐╟╢ ⅜ ⅝™√

╘≢№╢ GIⱳꜞⱴכ │D = 1.2%GIⱳꜞⱴכ ≢│

D = 1.6%≢D⅜ ≤⌂∫≡™╢ ↓─╟℮⌐ ─ ™⌐╟∫≡ ⱳꜞⱴכ

╩ ⇔√ ─ ⌂◖▪ │ ⅝ↄ ⌂╢↓≤⅜ ⇔√  
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5.5.2.  [ ] דּ ȅ Ǌǒ¢Ɇɓɇº ǡ  

Figure 5-17╟╡ X⅜ ╙ ↕™ ⅜ ⇔√ ꜞfi◒⌐ⱳꜞⱴכ ╩ ⇔

√ ─ ≢№╢≤™ⅎ╢ ↓─╟℮⌐⇔≡ ⇔√ ⌂╢ ─ⱳꜞⱴכ

─ ≤∕─ ─ ⅔╟┘150 oC ≢ ∂╢ ╩Fig. 5-18⌐╕≤

╘√  

 

 

Fig. 5-18 ╩ ⇔≡ ╠╣√ ◖▪ ≤ⱳꜞⱴכ ─ 

 

 

 Figure 5-18│25 oC⌂╠┘⌐150 oC≢ ⱳꜞⱴכ ≤SMF⅔╟┘SiOx

─ ⅜ ⌂ ╢ ™╩ ∆◖▪ ╩ ⇔≡⅔╡ 25 oC≢ ⇔≡™╢Fig. 

5-15≤ ∆╢≤ 25 oC≢─ │╗⇔╤ ⇔≡™╢↓≤⅜╦⅛╢ ≢ 150 

oC┼─ ⌐ ℮ │ Fig. 5-18≢│ ≢⅝≡⅔╡ ™∏╣─

≢№∫≡╙ ⱳꜞⱴכ ≢─ │150 oC≢2.0 dB≤ ↕™

↓─ │ 4 ≢ ⇔√ ≢№╢3.1 dB⌐ ⇔≡╙ ⌂ⱴכ☺fi╩ ⇔

≡™╢↓≤⅜╦⅛╢  

─ ╟╡ ⌂◖▪ ╩ ℮↓≤≢ ⱳꜞⱴכ ╩ ꜞfi◒⌐ ∆╢

↓≤≢─ ≢─ │ ╩ ⇔≡╙ ∆╢≤™ⅎ╢  

 

5.6. [ȋȰȌȋȹȯȌȬȘ ] דּ ȅ Ǌǒ¢Ɇɓɇº ǡ

∏ 

[17]⅛≈ ™ ♩꜠ꜝfi☻[18]╩ ⇔≈≈ ☻ⱳ♇♩◘▬☼ ╩ ™

⌂⅜╠ ⌂▪♦▫▪Ᵽ♥▫♇◒ │ CPO╩ ∆╢ ≤⇔≡ ↄ─

╩ ⇔≡⅔╡ ╩ ╘≡™╢ ▪♦▫▪Ᵽ♥▫♇◒ ⌐│ Si ◖▪≤

─ ◖▪ ─ ╩ ↕∑╢ ⅜№╢↓≤⅛╠ Si ⌐

⌂ⱳꜞⱴכ ⅜ ╩ ╘≡⅔╡ ⱳꜞⱴכ ─ ꜞfi◒ ≤

⇔≡ Si ≤─▪♦▫▪Ᵽ♥▫♇◒ ≤⇔≡─ ⅜ ↄ ↕╣≡™

╢[17, 19] ≢ ⌐ ╩ ╓⇔ ╢ⱳꜞⱴכ ─ ╩ ⌐

╣√ │ ⌂ↄ ▪♦▫▪Ᵽ♥▫♇◒ ≤⇔≡─ⱳꜞⱴכ ─

≢─ ⅜ ↕╣╢  

150 ṹ25 ṹ

1.6dB
SI

(photo lithography)

Horizontal GI
(photo address)

Square GI
(Imprint)

2.0%

ȹ

3ɛm

1.2dB 1.2% 5ɛm

1.1dB 1.6% 5ɛm

Side 1

11ɛm6ɛm

2ɛm3ɛm

2ɛm3ɛm

Side 2

1.5dB

1.9dB

1.9dB
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∕↓≢ CPO┼─ⱳꜞⱴכ ╩ ⇔ ╕∏│◦fi◓ꜟ⸗כ♪ⱳꜞⱴכ

─ Si ⅛╠─▪♦▫▪Ᵽ♥▫♇◒ ≢─ ╩ ⇔ ∕─ ⱳꜞ

ⱴכ ─ ╩ ∆╢↓≤≢ ─ ╩ ⇔√  

 

5.6.1.  ȋȰȌȋȹȯȌȬȘ  

 ▪♦▫▪Ᵽ♥▫♇◒ │ ⌂╢ ╩ ≈ 2≈─ ╩ ⌐ ↕

∑╢↓≤≢ ╩ ∆╢ ≢№╢ ▪♦▫▪Ᵽ♥▫♇◒ ⌐╟╢ Si ≤ⱳ

ꜞⱴכ ─ ─ ╩Fig. 5-19⌐ ∆[20] 

 

 

Fig. 5-19 ▪♦▫▪Ᵽ♥▫♇◒ ⌐╟╢ ─ [20] 

 

 

Fig. 5-20 ☻ꜝⱩ ─ ⸗♦ꜟ[21] 

 

▪♦▫▪Ᵽ♥▫♇◒ ♪כ⸗│ ⌐ ╡ ∂╢↓≤⅛╠ ↓↓≢│ ⌂⸗♦

ꜟ╩ ♪כ⸗≡™ ⌐╟╢ ─ ╩ ♪כ⸗∆ ╩ ⇔ ∕╣╩╙≤⌐

♪כ⸗ ─ ⌂ ╩ ∆╢[21]Fig. 5-20─╟℮⌐ ⇔√2≈─☻ꜝⱩ

─◖▪ ≢ ∂╢ ⌐≈™≡ ⅎ╢ ⌂⅔ ↓─2≈─◖▪│™∏╣╙◦fi◓ꜟ⸗

n0
2

N2(x)

n1
2

n0
2n0

2

xDD - a D + a0- a a

Ѐϯ 1 Ѐϯ 2

n1
2

©2018 IEEE  
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♪כ ╩ √∆☻♥♇ⱪ ─ ≢№╢≤ ∆╢ 2≈─ ◖▪ ─

⅜ ⌐ ╣≡™╢ ⅜ ∆╢ │♪כ⸗ ™⌐ ∑∏ ∕╣∙╣ ─⸗

╩♪כ ∆╢ ◖▪ ─ ⅜ ⇔√ 2≈─◖▪⅜ ∆╢ ⌐

╟∫≡ 1≈─ ⇔√ ⅜ ↕╣≡™╢≤╖⌂∑╢ כ☻╩♪כ⸗⌂℮╟─↓

Ɽכ⸗כ♪≤ ┬[22]↓─≤⅝ ⅜♪כ⸗כⱤכ☻─↓ ∆ ╙ ⱴ◒☻

►▼ꜟ─ ╩ √∆ ⅜№╡ ╩ ∆╢↓≤≢ ☻ꜝⱩ ≢№╢

♪כ⸗─┼2▪◖╠⅛1▪◖ h│ (5-10)≢ ╘╢↓≤⅜≢⅝╢ ⌂⅔ (p, q) = (1,2)

№╢™│(2,1)≢№╢  

 

h = 
᷿
ӓ

ӓ
╔z ╔

᷿ ◊ ╔z ╗   ╔ ╗z
ӓ

ӓ

 

 

 ⌂⅔ N│ ⇔√ ◖▪ ≢─ Np│◖▪ p─ uz│

ⱬ◒♩ꜟ w│ e0│ ─ Ep Hp│◖▪p─ ─ ⸗

♪כ *│ ╩ ∆ ↓↓≢ TE⸗כ♪⌐≈™≡ ⇔≡ ∆╢≤ Fig. 5-20─╟

℮⌂ ⌐⅔™≡ (5-11)⅜ ╠╣╢ ⌂⅔ D│◖▪Ⱨ♇♅(◖▪ )╩ u

w│ ╩ √∆ ╩ ∆  

 

h = ὲ ὲ Ὡὼὴ Ὀ ςὥ  

 

 ↓↓≢ b ԇ kn1≤⇔ (n12 ï n02) = 2 n12D╩ ™╢≤ │ ─ (5-12)≢ ∆

↓≤⅜≢⅝╢  

 

h = 
Ѝ

Ὡὼὴ Ὀ ςὥ  

 

(5-12)╟╡ ◖▪ ─ │ ◖▪◘▬☼ ↕╠⌐│◖

▪ Ⱨ♇♅⌐ ∆╢↓≤⅜╦⅛╢  

⌂╢ ◖▪ ≢─ │ ⌐│ ─ ≈ ─ ⅛╠ ∂

╢ ⇔⅛⇔⌂⅜╠ ≢ ∆╢ Si ◖▪≤ⱳꜞⱴכ ◖▪ ≢│ ─

≈ ⅜ ⅝ↄ ⌂∫≡⅔╡ ◖▪ ⅜ ⌐ ⇔√ ≢№∫≡╙ ─

│╒≤╪≥ ∂⌂™ ∕↓≢ Si Ɽכ♥⌐▪◖ ╩ ∆╢↓≤≢

⌐ ⇔≡ ⌐ ╩ ↕∑ ╕√ ⌐ ─◄ⱣⱠ♇☿fi♩ ╩ ∆

╢↓≤≢ ╩ ↕∑╢ ⅜≤╠╣≡™╢ ▪♦▫▪Ᵽ♥▫♇◒ ─ ─

(5-10) 

(5-11) 

(5-12) 
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╩Fig. 5-21⌐ ∆  

 

Fig. 5-21 ▪♦▫▪Ᵽ♥▫♇◒  

 

 Figure 5-21─╟℮⌂♥כⱤ ─ ⌐╟∫≡Si ≤ⱳꜞⱴכ ≢─

╩ ↕∑ ▪♦▫▪Ᵽ♥▫♇◒ ⌐╟╢ ⌂ ╩ ⇔≡™╢⅜ (5-

12)≢ ⇔√╟℮⌐ ♪כ⸗ ⌐╟∫≡ ↕╣╢▪♦▫▪Ᵽ♥▫♇◒ ≢│

⌐ ╩ ⅎ╢Ɽꜝⱷכ♃│↓╣╕≢ ⇔≡⅝√ ≤ ⇔≡ ↄ ∆═

≡─Ɽꜝⱷכ♃╩ ⌐ ∆╢↓≤│ ⇔™ ∕↓≢ ≢│ Si ─ ╩

⇔√℮ⅎ≢ ⱳꜞⱴכ ─ ◖▪◘▬☼ D╩ ↕∑╢↓≤≢

╩ ⇔≈≈ ─ ℮↓≤≤⇔√  

 

5.6.2.  ȋȰȌȋȹȯȌȬȘ ǡȠɈɎɕºȠɐɜɋȰɔ  

▪♦▫▪Ᵽ♥▫♇◒ ⌐ ™╢Si ─ ≤⇔≡ ◖▪ ╖ ◖▪

Ɽכ♥ ╩ ∆╢ ⅜№╢ ↓─℮∟ ◖▪ ╖ ◖▪ ⌐≈™≡│ [23, 24]╩

⌐ ⇔ Fig. 5-22⌐ ⇔√ ╕√ │◖▪(Sin1310 = 3.503)◒ꜝ♇♪(SiO2 n1310 

= 1.447)≤⇔√   

 

 

Fig. 5-22 ◦Ⱶꜙ꜠כ◦ꜛfi Si  

 

Ɽꜝⱷכ♃╩ ⇔≡ ◦Ⱶꜙ꜠כ◦ꜛfi♁ⱨ♩ FIMMWAVE≢ Si ─

─ ╩ ℮ Si ─◖▪ ╩0.08 mm 0.44 mm─ ≢ ⌐ ↕∑√≤

ЪзЫ˔Ί Ѐϯ

ЄзЀр Ѐϯ

ϯДϰϯНГϰАϼὫ›
ЄзЀр Г˔О

SiO2 layer

0.22 mm
0.44 mm

Si

SiO2 layer

0.22 mm
0.08 mm

Si

Si core

0.44 mm
0.08 mm
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⅝─ ╩Fig. 5-23⌐ ◖▪ 0.44 mm 0.08 mm⌐⅔↑╢ TE♪כ⸗

─ ╩MFD≤≤╙⌐Fig. 5-24⌐ ∆ ⌂⅔ 2 ≢ ⌐ ═√ ╡ Si

⅛╠─ ⌐≈™≡│MFD╩ ⌐ ∆╢↓≤⅜≢⅝⌂™⅜ ↓↓≢│

◖▪ ─1/e2─ ╩≤╢◖▪ ◖▪ ↕╩MFD_hor.MFD_ver.≤⇔≡

⇔√  

 

Fig. 5-23 Si ◖▪ ≤ ─  

 

 

Fig. 5-24 ♥כⱤ ≢─Si ≤MFD 

 

 Figure 5-24─ ╟╡ ◖▪ ⌐ ™ ⅜ ⇔≡™╢

⅜ ╠╣≡⅔╡ 0.08 mm≤™∫√ ╘≡ ™◖▪ ≢│ Si ─╟℮⌂ ™D

╩ ∆╢ ≢№∫≡╙◄ⱣⱠ♇☿fi♩ ─ ⅜ ∂╢↓≤⅜ ≢⅝√ ╕√

Fig. 5-23─ ╟╡ ◖▪ ╩ ↕∑╢↓≤≢ ⅜TE : 7.3 mm-1

13 mm-1 TM : 7.3 mm-1 10 mm-1─ ≢ ⌂↓≤⅜ ⇔√ ⌐ ═√╟℮⌐

▪♦▫▪Ᵽ♥▫♇◒ ╩ ↕∑╢√╘⌐│ Si ≤ⱳꜞⱴכ ─

╩ ↕∑╢ ⅜№╢ ∕↓≢ ⱳꜞⱴכ ─⸗♦ꜟ≤⇔≡ Fig. 5-25⌐ ⇔√

╩ ⇔ ⱳꜞⱴכ ─ ⅜♪כ⸗ ∆ ╩ ⌂╢◖▪◘▬☼⌐

⇔≡ ⇔√ ╩Fig. 5-26⌐ ∆  
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Fig. 5-25 ▪♦▫▪Ᵽ♥▫♇◒ ⱳꜞⱴכ ⸗♦ꜟ 

 

 

Fig. 5-26 ⱳꜞⱴכ ─◖▪◘▬☼ D≤ ─  

 

 Figure 5-26╟╡ ◖▪◘▬☼╩ ↕∑╢↓≤≢ ⱳꜞⱴכ ─ ⅜♪כ⸗

∆ │7.31 mm-1  7.38 mm-1≢№╢↓≤⅜ ⇔√ Fig. 5-23≢ ⇔√Si

─ ≤ ⌂╢ ⅜ ∆╢↓≤⅛╠ Si ≤ⱳꜞⱴכ ╩

↕∑╢↓≤≢ ─ ≢▪♦▫▪Ᵽ♥▫♇◒ ⅜ ∂╢↓≤⅜╦⅛╢ ∕↓≢ Si

─◖▪ ≤∕─ ⌐ Si ◖▪⅜ ∆ ╩ ⱳꜞⱴכ ─◖▪⅜

№╢ ≤⌂™ ≢ ∆╢ ◦Ⱶꜙ꜠כ◦ꜛfi⌐ ™√ ▬ⱷכ☺╩ Fig. 5-27⌐

╠╣√ ─ ╩Fig. 5-28⌐ ∆ Fig. 5-27≢│ Si ◖▪ ─◒ꜝ

♇♪≤⇔≡SiO2 ╩0.2 mm≤⇔≡™╢⅜ ╘ ╖ ─Si ≢│ ◖▪ ⌐

1.52.0 mm─ ◒ꜝ♇♪⅜ ∆╢[25] ≢ ∆╢Fig. 5-27⌐ ⇔√ ⸗♦ꜟ

SI
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≢│ ▪♦▫▪Ᵽ♥▫♇◒ ─ ╩ ≤⇔ ◒ꜝ♇♪╩◄♇♅fi◓⇔≡0.2 

mm╕≢ ↄ⇔√ ≤⇔≡ ⇔√ ⌂⅔ ↓─ ─ⱳꜞⱴכ ◖▪│D = 1%◖▪

◖▪ ↕│≤╙⌐3 mm≤⇔ ─♪כ⸗ │7.3 mm-1≢№╢  

 

 

Fig. 5-27 ▬ⱷכ☺ 

 

 

Fig. 5-28 Si ◖▪ ≤ ─  

 

 Figure 5-28╟╡ ◖▪ 0.12 mm ≢Si ◖▪⅜ ∆ ⅜7.3 mm-1≤

⌂╡ ⇔√ⱳꜞⱴכ ─◖▪≤ ⇔≡⅔╡ ▪♦▫▪Ᵽ♥▫♇◒ ⅜ ∆

╢ ╩ √⇔≡™╢↓≤⅜╦⅛╢ ≈≠™≡ Fig. 5-29⌐ ⇔√ ⌐ ⇔ Si

⅛╠ ╩ ⇔√ ─ ─ ╩ ⇔√   
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Fig. 5-29 ▪♦▫▪Ᵽ♥▫♇◒ ⸗♦ꜟ─ ┘ ≢─ ─ 

 

 

Figure 5-29⌐ ⇔√ ⸗♦ꜟ⌐ ⇔ Si ◖▪ ⅛╠ ╩ ⇔√ ⌐ Ɽכ♥

(▪♦▫▪Ᵽ♥▫♇◒ )╩ ⅛╠ ⇔√ ─ ─ ╩Fig. 5-30⌐ ∆ ⌂

⅔ ↓─≤⅝─ⱳꜞⱴכ │Fig. 5-27≤ ⌐D = 1%◖▪ ◖▪ ↕│≤

╙⌐3 mm≤⇔√  

 

 

Fig. 5-30 Si ◖▪⅛╠ⱳꜞⱴכ ┼─▪♦▫▪Ᵽ♥▫♇◒ ⌐╟╢ 

─  

 

Figure 5-30╟╡ Si ⅛╠ⱳꜞⱴכ ─ ≢▪♦▫▪Ᵽ♥▫♇◒ ⌐╟

Si core

(a) (b) (c)

1000 mm 1000 mm 1000 mm

Polymer waveguide core

0.44 mm
0.08 mm

C
o

re
 w

id
th

15 mm

1
5

 m
m

SiO2 layer

Cladding layer

Core

Core width

C
o

re
 h

e
ig

h
t

3
 m

m 0.2 mm
0.22 mm

0.44 mm

ncore ncladding

nSiO2nSi

15 mm

SiO2 layer

Cladding layer

Core

Core width

C
o

re
 h

e
ig

h
t

3
 m

m

0.08 mm

15 mm

SiO2 layer

Cladding layer

Core

Core width

C
o

re
 h

e
ig

h
t

3
 m

m

(a) (b) (c)

ЄзЀр Ѐϯ

ЪзЫ˔Ί Ѐϯ



 

 

 

5  CPO ⌐ ↑√ⱳꜞⱴכ ─  

155 

╢ ─ ⅜ ╠╣≡™╢↓≤⅜ ≢⅝√ ↓↓≢ ▪♦▫▪Ᵽ♥▫♇◒ ╩Eadi

≤∆╢≤ Eadi│Si ┼─ Pin≤ⱳꜞⱴכ ⅛╠─ Pout

╩ ™≡ (5-13)─╟℮⌐ ≢⅝╢  

 

Eadi = -10 log10(Pout/Pin) 

 

Ɽכ♥ ⅛╠─ x⌐ ⇔≡ ▪♦▫▪Ᵽ♥▫♇◒ Eadi╩ⱪ꜡♇♩⇔√

╩Fig. 5-31⌐ ∆  

 

 

Fig. 5-31 ♥כⱤ ⅛╠─ ≤ⱳꜞⱴכ ┼─ ─  

 

Figure 5-31╟╡ ▪♦▫▪Ᵽ♥▫♇◒ ⌐╟╢ │ Ɽכ♥ ⅛╠600 mm

650 mm─ ≢ ⌐ ⇔≡⅔╡ ∕─ │ ⅜ ⇔≡™╢↓≤⅜╦⅛╢

⅜ ⇔√ ⇔√ ≢─ ≢│ [26]≢ ╠╣╢╟℮

⌂ ─ ⅜ ╠╣╢ ⇔⅛⇔ ≢ ∆╢▪♦▫▪Ᵽ♥▫♇◒ ≢│ Si

◖▪─ ≈ ⅜ Ɽכ♥ ⌐╟∫≡ ⌐ ⇔≡⅔╡ ⱳꜞⱴכ

─ ≈ ≤ ∆╢ⱳ▬fi♩⅜ ≢№╢↓≤⅛╠ ─ │ ∂∏

─╖─ ≤⌂╢ Si Ɽכ♥─ ⅜ ╛⅛≢№╣┌ ≢─ ⅜

≢⅝╢↓≤⌐⌂╡ ▪♦▫▪Ᵽ♥▫♇◒ │ ⇔ ⅛≈ ∆╢  

ⱳꜞⱴכ ─◖▪ ╩ ∆╢ ≢ Si Ɽכ♥─ ⌐≈™≡

│ ⌐ ∆╢ ⅜№╢ ∕↓≢ ≢│ [17, 27, 28, 29]╩ ⌐

⅛≈ ⌂ ╩ ╠╣╢ Ɽכ♥≡⇔≥ ╩ 1000 mm≢ ⇔ ─

╩ ℮↓≤≤⇔√  

─ ╟╡ Si ─ ⅜ ╡℮╢ ≢ ⱳꜞⱴכ ─

⅜ ∆╢╟℮⌐◖▪ ╩ ∆╢↓≤≢ ≢▪♦▫▪Ᵽ♥▫♇◒

⅜ ∂╢↓≤⅜ ⇔√  

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 200 400 600 800 1000

C
o

u
p

lin
g
 e

ff
ic

ie
n

c
y

Distance from taper part (mm)

(5-13) 



 

 

 

5  CPO ⌐ ↑√ⱳꜞⱴכ ─  

156 

5.6.3.  │ǝǾ ȅ ǌǾɆɓɇº ǡȋȰȌȋȹȯȌȬȘ  

↓↓≢│ ⌂╢ ╩ ∆╢ⱳꜞⱴכ ─◖▪◘▬☼ ⅔╟┘D╩ ↕

∑√≤⅝ Si ≤─ ≢ ∂╢▪♦▫▪Ᵽ♥▫♇◒ ⌐≥─╟℮⌂ ╩

╓∆⅛╩ ∆╢ ⌐ ™╢ⱳꜞⱴכ ─Ɽꜝⱷכ♃╩Fig. 5-32⌐ ⇔√  

 

 

Fig. 5-32 ▪♦▫▪Ᵽ♥▫♇◒ ⱳꜞⱴכ Ɽꜝⱷכ♃ 

 

╕∏ ⱳꜞⱴכ ─ ⅔╟┘D╩ ⇔ ◖▪ ◖▪ ↕╩ ⇔√

─▪♦▫▪Ᵽ♥▫♇◒ ╩ ⇔√ ↓↓≢ Si ◖▪─ TE⸗

╢№≢♪כ TE11⸗כ♪⌐ ╩ ⇔√ ╕√ Ɽꜝⱷכ♃ ⌐╟∫≡│ⱳꜞⱴכ

⅜ⱴꜟ♅⸗כ♪≤⌂╢⅜ ∕─ ≢№∫≡╙ⱳꜞⱴכ ─ TE11)♪כ⸗

TM11)┼─ ─╖╩▪♦▫▪Ᵽ♥▫♇◒ ≤⇔≡ ⇔√ ≈╕╡ ▪♦▫▪Ᵽ♥

▫♇◒ Ladi│ Si ┼─ Pin≤ⱳꜞⱴכ ⅛╠─

(TE11:Pout TE TM11:Pout TM) ╩ ™≡ (5-14)≢ ≢⅝╢  

 

Ladi = ρπ ÌÏÇ
   

 

≤⇔≡  D = 1%─ SI ⱳꜞⱴכ ≤ Si ─▪♦▫▪Ᵽ♥▫♇◒

╩ ⌂╢ⱳꜞⱴכ ◖▪ ◖▪ ↕⌐ ⇔≡ ⇔√ ╩Table 5-22⌐╕

≤╘√  

 

 

 

 

 

 

SI
(photo lithography)

ḯ
n

Core width

( )

ḲOrmoCore& OrmoClad

DḲ1 Ṍ 2 % 

Core width, heightḲ3ɛmṌ 10 ɛm

C
o

re
 h

e
ig

h
t

(5-14) 
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Table 5-22 ⌂╢◖▪ ◖▪ ↕╩ ∆╢ SI ⱳꜞⱴכ ≤Si

─▪♦▫▪Ᵽ♥▫♇◒ (D = 1%) 

 

Table 5-22─ │ ⱳꜞⱴכ ◖▪ ─TE11⅔╟┘TM11⌐ ⇔√ ─ ╩

≤ ⇔≡™╢⅜ ─ ꜞfi◒≢│™∏╣⅛─ ⌐ ⇔√ ≢ ꜞfi◒╩

⇔ ∕╣ ─ ⌐≈™≡│ ≤⇔≡ ℮↓≤⅜ ™[30] ≢│ ♄▬Ᵽכ◦

♥▫ ─ ⌐╟∫≡ ╩ ℮ [31]╙№╢⅜ √⌂ ─ ╛ ─

⌐ ⅜╢ ⅜№╢ ⇔√⅜∫≡ ⱨ□▬Ᵽ ╩ ⇔≡ ꜞfi◒ ≢ ╩

∆╢↓≤⅜ ╘╠╣╢[32]∕↓≢ ≢│ ≈╕╡ ─◦Ⱶꜙ꜠

fiꜛ◦כ ≢│ ⱳꜞⱴכ ─ TE11⸗כ♪⌐ ⇔√ ─╖╩ ≤

⇔≡╖⌂⇔ ∕╣ ╩ ≤⇔≡╖⌂⇔√ ∕↓≢ Table 5-22─℮∟ ⱳꜞⱴכ

─TE11⸗כ♪⌐ ⇔√ ╩ (5-15)≢ ⇔ Table 5-23⌐╕≤╘√  

 

Ladi = ρπ ÌÏÇ
  

 

Table 5-23 ⌂╢◖▪ ◖▪ ↕╩ ∆╢ SI ⱳꜞⱴכ ≤Si

─▪♦▫▪Ᵽ♥▫♇◒  TE  (D = 1%) 

 

 

3 4 5 6 7 8 9 10

3 1.0 1.3 1.5 2.0 2.2 2.4 2.5 2.7

4 2.1 2.5 3.1 3.7 4.0 4.3 4.7 5.1

5 2.7 1.4 4.7 4.8 5.4 5.6 6.1 6.4

6 0.7 0.5 0.8 7.1 7.5 7.5 7.6 7.8

7 1.5 1.6 2.1 2.6 9.1 9.3 9.2 9.1

8 2.4 2.7 3.1 3.6 3.4 10.3 10.4 9.9

9 3.2 3.2 3.7 4.1 4.5 3.2 11.5 11.5

10 3.9 4.1 4.3 4.7 5.1 5.0 4.1 9.5

D = 1.0 %
Core width (µm)

C
o

re
 h

e
ig

h
t 

(µ
m

)

(dB)

3 4 5 6 7 8 9 10

3 1.1 1.4 1.7 2.0 2.2 2.4 2.5 2.7

4 2.3 2.8 3.1 3.7 4.0 4.3 4.7 5.1

5 3.8 4.4 4.7 5.0 5.4 5.6 6.1 6.4

6 5.1 5.7 6.3 7.1 7.5 7.5 7.6 7.8

7 6.7 7.5 8.1 8.5 9.1 9.3 9.2 9.1

8 8.1 8.6 9.1 9.7 10.5 10.3 10.4 9.9

9 9.2 9.2 9.8 10.4 11.2 11.1 11.5 11.5

10 10.0 10.3 10.8 11.3 11.7 12.4 12.2 11.2

C
o

re
 h

e
ig

h
t 

(µ
m

)

D = 1.0 %
Core width (µm)

(dB)

(5-15) 
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 Table 5-23╟╡ ◖▪ ◖▪ ↕ ⌐3 mm─ ⌐ ⱳꜞⱴכ TE11⸗כ♪┼─

▪♦▫▪Ᵽ♥▫♇◒ │ ≤⌂╡ ◖▪◘▬☼⅜ ⇔≡™ↄ⌐≈╣≡ ⅜

⅝ↄ⌂╢↓≤⅜╦⅛╢ ↓╣│ (5-12)⌐╟╡ ≢⅝╢ ╕√ ◖▪ ≤ ⇔≡ ◖▪

↕⅜ ⇔√ ─ ⅜ ⅝™⅜ ↓╣│ Fig. 5-33≢ ∆╟℮⌐ ◖▪ ↕─

⌐╟∫≡ ─ⱳꜞⱴכ ♪כ⸗ ≤ Si ◖▪ ─ ⅜

⅜╡ ─ ⌂╡ ™⅜ ∆╢√╘≢№╢ ↓╣│ (5-12) ─(D-2a) ⅜

⇔≡™╢↓≤⌐ ⇔ ≤⇔≡▪♦▫▪Ᵽ♥▫♇◒ ⅜ ∆╢↓≤⌐⌂╢  

 

 

Fig. 5-33 ⱳꜞⱴכ ◖▪◘▬☼─ ™⌐╟╢▪♦▫▪Ᵽ♥▫♇◒ ─  

 

≈≠™≡  1 ~ 2%─D⌐ ⇔≡◖▪ ◖▪ ↕╩ ↕∑√≤⅝─ⱳꜞⱴכ ─

TE11⸗כ♪┼─▪♦▫▪Ᵽ♥▫♇◒ Ladi TE╩ ⇔ D≢ ⅜ ≤⌂╢

─ ≤◖▪ ╩ ⇔≡Table 5-24⌐╕≤╘√ ≈╕╡ Table 5-24│ D⌐ ⇔

≡ ⌂◖▪ ╩ ⇔√ ─▪♦▫▪Ᵽ♥▫♇◒ ╩ ⇔≡™╢  

 

Table 5-24 SI ⱳꜞⱴכ ≤Si ─▪♦▫▪Ᵽ♥▫♇◒ ─

≤∕─ ─ⱳꜞⱴכ ◖▪  

 

 

Ѐϯ : 3 mm Ѐϯ‰ή : 3 mm Ѐϯ : 10 mm Ѐϯ‰ή : 10 mm

ЪзЫ˔Ί ЪзЫ˔Ί

D

(%)

lowest loss

(dB)

core width 

core height

(mm)

1.0 1.06 3˷3

1.1 0.98 3˷3

1.2 0.90 3˷3

1.3 0.84 3˷3

1.4 0.78 3˷3

1.5 0.70 3˷3

1.6 0.61 3˷3

1.7 0.55 3˷3

1.8 0.48 3˷3

1.9 0.45 3˷3

2.0 0.41 3˷3
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Table 5-24╟╡ ⱳꜞⱴכ ─D⅜ ∆╢⌐≈╣ ▪♦▫▪Ᵽ♥▫♇◒

⅜ ∆╢↓≤⅜╦⅛╢ ↓╣│ (5-12)╟╡╙╦⅛╢╟℮⌐ D─ ⌐╟╡ ─ⱳꜞ

ⱴכ ≢─ ─♪כ⸗ ∂ ╘ ⅜ ⇔√√╘≢№╢  

≈≠™≡ GI ⱳꜞⱴכ ⌂╠┘⌐ GI ⱳꜞⱴכ ⌐ ⇔≡

╙ Table 5-24≤ ⌐ 1 ~ 2%─D⌐ ⇔≡◖▪ ◖▪ ↕╩ ↕∑√≤⅝─ⱳꜞⱴכ

─TE11⸗כ♪┼─▪♦▫▪Ᵽ♥▫♇◒ Ladi TE╩ ⇔ D≢ ⅜

≤⌂╢ ─ ╩ ⇔ SIⱳꜞⱴכ ─ ≤№╦∑≡Fig. 5-34⌐╕≤

╘√ ⌂⅔ GI ⱳꜞⱴכ ≢│ ◖▪ ─ ⌐╟╢

⌐ ™ D = 1.0%1.1%⌐ ◖▪◘▬☼ ⌐ ⌂ ∂ ╘⅜ ╠╣∏⌐ ⅜

↕╣⌂™◖▪ ⅜ ⇔√ ╩ ⇔√ ╕√ GIⱳꜞⱴכ

GIⱳꜞⱴכ ─ ◖▪ ⌐≈™≡│Appendix⌐ ⇔√  

 

 

Fig. 5-34 ⱳꜞⱴכ ─ ™⌐╟╢▪♦▫▪Ᵽ♥▫♇◒ ─  

 

 Figure 5-34╟╡ SI ⱳꜞⱴכ ≤ GI ⱳꜞⱴכ │ ◖▪

⌐⅔⅔╗⌡ ∂▪♦▫▪Ᵽ♥▫♇◒ ╩ ⇔≡™╢↓≤⅜╦⅛╢ ↓╣│▪♦▫

▪Ᵽ♥▫♇◒ ⌐ ╩ ╓∆ ─ ⅜ SI ≤ GI ≤╙⌐

≢№╢√╘≤ ⅎ╠╣╢ ╕√ GI ─◖▪≢│ ⌐ ⅜ ↕╣

≡™╢⅜ ▪♦▫▪Ᵽ♥▫♇◒ ⌐ ╩ ⅎ╢ Si ≢│ ◖▪ ⅜

≢№╢↓≤╙ ≢№╢  

≢ GI ⱳꜞⱴכ │ ─ ≤ ⇔≡ ╦∏⅛⌂⅜╠╙ ⅝

⌂ ╩ ⇔≡™╢↓≤⅜╦⅛╢ ↓╣│ ⌐ ⅜ ↕╣≡™╢↓

≤≢ ⅜♪כ⸗ ∆╢ ⅜◖▪ ⌐ ∂ ╘╠╣≡⅔╡ Si

◖▪≤─ ⌂ ⅜ ─ ≤ ⇔≡ ⅜∫≡⇔╕∫√√╘≤ ⅎ╠
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╣╢ ╩ ↑╢═ↄ ◖▪ ◖▪ ╖≤╙⌐3 mm⅛≈D = 2%─ ⌂╢

╩ ≈ⱳꜞⱴכ ⌐ ⇔≡ ╩ ⇔√ ╩Fig. 5-35⌐ ∆

⌂⅔ Fig. 5-35≢│Si ◖▪╩ ⌐ ╘≡™⌂™  

 

 

Fig. 5-35 ⌂╢ ╩ ∆╢ⱳꜞⱴכ ◖▪⅜ ∆ ─  

 

Figure 5-35╟╡ ─ ⌐╟∫≡ ⅜ⱳꜞⱴכ ─◖▪

⌐ ∂ ╘╠╣≡⅔╡ ⌐ GI ⱳꜞⱴכ ≢│◖▪ ╖ ⌐ ⇔≡╙

↕╣≡™╢ ⌐ ∆╢ Si ◖▪≤─ ⅜ ╣≡™╢↓≤⅜╦⅛

╢ ↓↓≢ Fig. 5-35 ⌐ ⇔√╟℮⌐ ⌐ ╩ ╡ (

)─ ╩ⱪ꜡♇♩⇔√ ╩Fig. 5-36⌐ ∆ ⌐ ╩ ⅎ╢

─ ─ ⌂╡─ ╩ ∆═ↄ ◖▪ 0.08 mm ─Si ◖▪

─ ╙ ∑≡ ⇔√ ⌂⅔ Fig. 5-36⌐ ⇔√Si ⌂╠┘⌐ⱳꜞⱴכ

◖▪─ │ ∕╣∙╣ ─◖▪⅜ ⇔⌂™ ≢─ ⇔√◖▪⅜ ∆

≢№╢ ╕√ Si ◖▪⅜ ∆ │ ╘≡ ↕ↄ ⱪ꜡♇♩≢│

⅜ ⇔™√╘ ≢ ╠╣√ⱪ꜡♇♩╩ Excel≢ ™∞ ≢ ⇔≡™╢  

 

 

Fig. 5-36 (a)ⱳꜞⱴכ ┘Si ◖▪⅜ ∆ ─  

(b) ⌂╡ ─ (position 23 mm) 
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Figure 5-36╟╡ GI ⱳꜞⱴכ ≢│ ─ ∂ ╘ ⌐╟∫≡Si

◖▪≤─ ─ ⌂╡⅜ ─ ≤ ⇔≡ ⇔≡™╢↓≤⅜

╦⅛╢  

╟╡ ▪♦▫▪Ᵽ♥▫♇◒ ─ ─ ⌐│ Si ◖▪≤ⱳꜞⱴכ

◖▪ ≢─ ─ ⌂╡⅜ ≢№╡ GI ⱳꜞⱴכ │ ─

≤ ⇔≡∕─ ⌂╡⅜ ↕™↓≤⅛╠ ⅝⌂ ╩ ∆↓≤⅜

⇔√ ≢ Fig. 5-35⌐ ⇔√╟℮⌐ ◖▪ ⌐│™∏╣─ ⌐⅔™

≡╙⅔⅔╗⌡1 dB ─ ╩ ∆↓≤⅛╠ ▪♦▫▪Ᵽ♥▫♇◒ ╩ ⇔√

ꜞfi◒ ⌐ ⱳꜞⱴכ ⅜ ≢⅝╢↓≤⅜ ╠⅛≤⌂∫√  

 

5.6.4.  ȋȰȌȋȹȯȌȬȘ ǡּד ∟  

 ≢│ ▪♦▫▪Ᵽ♥▫♇◒ ╩ ⇔√ⱳꜞⱴכ ─ ꜞfi◒ ─ ⌐

↕╣╢ ≢─▪♦▫▪Ᵽ♥▫♇◒ ┼─ ™╩ ╙╢  

 │∂╘⌐ Fig. 5-29≢ ⇔√▪♦▫▪Ᵽ♥▫♇◒ ⸗♦ꜟ⌐ ⇔ ╩ ∆

╢Ɽꜝⱷכ♃╩ ⇔√ √⌐Si ╙ ─ ╩ ↑╢ ∕↓≢

╕∏│Si ≢─ ╩ ∆═ↄ Fig. 5-37⌐ ⇔√⸗♦ꜟ≢Si

◖▪⅛╠─ ╩ ⇔√ ⌂⅔ Si─dn/dt│1.93Ĭ10-4 /K SiO2─dn/dt│

1.44Ĭ10-5 /KSi─CTESi│2.6Ĭ10-6 /K≤⇔√[31, 33]↓─≤⅝ Si ─◖▪ wSi_core

◖▪ ↕hSi_coreⱳꜞⱴכ ◖▪─ nSi_core(t) ◒ꜝ♇♪─ nSiO2_cladding(t)

⅔╟┘D─ │ t⌂╠┘⌐ t0 = 25 oC╩ ™≡ (5-16) (5-20)≢

∆↓≤⅜≢⅝╢ ≤⇔≡ 25 oC≤ 150 oC≢Si ─ ╩

⇔√ ╩Table 5-25⌐╕≤╘√  

 

 

Fig. 5-37 Si ─ ⸗♦ꜟ 

 

wSi_core(t) = wSi_core(t0) × (1 + CTESi×(t - t0)) 

hSi_core(t) = hSi_core(t0) × (1 + CTESi×(t - t0)) 

nSi_core(t) = nSi_core(t0) + {
ͺ
 × (t - t0) } 

nSiO2_core(t) = nSiO2_core(t0) + {
ͺ
 × (t - t0) } 

SiO2 layer

wSi_core(t)

Si

hSi_core(t)

(5-16) 

(5-17) 

(5-18) 

(5-19) 



 

 

 

5  CPO ⌐ ↑√ⱳꜞⱴכ ─  

162 

D(t) = 
ͺ  ͺ  

 

 

Table 5-25 25 ϴ 150 ϴ ≢─Si ─  

 

 

Table 5-25╟╡ ◖▪ 0.44 mm≢│ ─ ™⌐╟╢MFD┼─ │0.001 mm ≤

≢⅝╢꜠ⱬꜟ≢№╢↓≤⅜ ⇔√ ◖▪ 0.08 mm≢│ 25 ϴ⅛╠150 ϴ┼

─ ⌐ ™ 0.050.12 mm ─ MFD─ ⅜ ╠╣√ ↓╣│ ╘≡ ↕™ Si

─CTE⌐╟╡ ◖▪─ ⌐╟╢◖▪ ─ ⅜╒≤╪≥⌂™↓≤ ↕╠⌐│dn/dt─ ™

⌐╟∫≡ ⌐ ™D⅜ ⇔√↓≤≢ ◄ⱣⱠ♇☿fi♩ ⅜ ⌂ ◖▪ ≢

─MFD ⌐ ⅜∫√╙─≤ ⅎ╠╣╢ ⇔⅛⇔⌂⅜╠MFD │ ≢№╢↓≤⅛

╠ Si ─ ─ │ ↕™≤™ⅎ╢  

≈≠™≡ Fig. 5-29≢ ⇔√▪♦▫▪Ᵽ♥▫♇◒ ⸗♦ꜟ⌐ ⇔ ╩

⇔≡ ╩ ∫√ ⇔√▪♦▫▪Ᵽ♥▫♇◒ ⸗♦ꜟ─ ╩ Fig. 5-38⌐

∆ Fig. 5-38⌐≡ ╩ ∆╢Ɽꜝⱷכ♃⌐≈™≡│ ≢ t≤⇔≡ ⇔√  

 

 

Fig. 5-38 ╩ ⇔√▪♦▫▪Ᵽ♥▫♇◒ ─  

 

↓─≤⅝ Si ─ ⌐≈™≡│ ⌐ ⇔√ (5-16) (5-20)╩ ™√

∕─ ─ ⱳꜞⱴכ ◖▪─ ncore(t)◒ꜝ♇♪─ ncladding(t)│ t

Temperature (
o
C)

nSi_core

nSiO2_cladding

D (%)

Core width (mm) 0.44 0.08 0.44 0.08

MFD_x 0.421 3.08 0.420 2.96

MFD_y 0.287 6.28 0.286 6.23

25 150

3.503

1.447

41.468

3.527

1.449

42.138

15 mm

Calculation area

SiO2 layer

Cladding layer

Core

Core width(t)

C
o

re
 h

e
ig

h
t(t
)

3
 m

m 0.2 mm0.22 mm
0.44 mm

ncore(t)

(t)

ncladding(t)

nSiO2(t)nSi(t)

1
5

 m
m

(t)
(t)

(5-20) 



 

 

 

5  CPO ⌐ ↑√ⱳꜞⱴכ ─  

163 

⌂╠┘⌐ t0 = 25 ϴ╩ ™≡ (5-21)(5-23)≢ ⇔√  

 

Core size(t) = Core size(t0) × (1 + CTE×(t - t0)) 

ncore(t) = ncore(t0) + {  × (t - t0) } 

ncladding(t) = ncladding(t0) + {  × (t - t0) } 

 

╕√ Si ◖▪≤ⱳꜞⱴכ ◖▪ ─ d│ ≢0.2 mm = d(t0)∞

⅜ ⌐ ™ ⇔ ─ ⌂╡⌐ ╩ ⅎ ╢ d│SiO2─CTE

⌐ ⇔ ∆╢√╘ ╩ ⇔√d(t)│ (5-24)≢ ≢⅝╢  

 

d(t) = d(t0) × (1 + CTESiO2×(t - t0)) 

  

CTESiO2╩1.14Ĭ10-6 /K[34]≤∆╢≤ 150 ϴ≢─Si ◖▪≤ⱳꜞⱴכ ◖▪

─ d(150 ϴ)│0.20003 mm≤⌂╡ ╒≤╪≥ ⅜⌂™  

╟╡ ▪♦▫▪Ᵽ♥▫♇◒ ─ ╩ ∆╢ ≢ Si ⌂╠┘⌐

Si ◖▪-ⱳꜞⱴכ ◖▪ ─ ⅜ ⅎ╢ │ ≢⅝╢꜠ⱬ

ꜟ≢№╡ ⱳꜞⱴכ ─ ─ ⅜ ≢№╢↓≤⅜ ↕╣

√  

 Figure 5-38─⸗♦ꜟ╩ ™≡ 5.6.2≢ ∫√ ≤ ─ ╩ ™ 150 oC⌐⅔↑╢

ⱳꜞⱴכ ─ TE11⸗כ♪⌐ ⇔√ ⌐ ℮▪♦▫▪Ᵽ♥▫♇◒ ╩

⇔√ D─ⱳꜞⱴכ ≤ Si ─▪♦▫▪Ᵽ♥▫♇◒ ⅜ ≤

⌂╢ ╩ ↕╠⌐│ ⌐╕≤╘√ ╩Fig. 5-39⌐ ∆ ⌂⅔ SI

GI GI ⱳꜞⱴכ ⌐ ⇔≡ Si ≤─▪♦▫▪Ᵽ♥▫♇◒

─ ≤∕─ ─ⱳꜞⱴכ ◖▪ ╩ ⇔√ │Appendix⌐ ⇔

√  

(5-21) 

(5-22) 

(5-23) 

(5-24) 
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Fig. 5-39 ⱳꜞⱴכ ─ ™⌐╟╢▪♦▫▪Ᵽ♥▫♇◒ 

─  

 

 Figure 5-39╟╡ ™∏╣─ D≢№∫≡╙ ▪♦▫▪Ᵽ♥▫♇◒

│25 oC≢─ ≤ ⇔≡ ↕ↄ⌂∫≡™╢↓≤⅜╦⅛╢ ↓╣│ ⌐ ™ ◖▪

◒ꜝ♇♪ dn/dt─ ⌐ ⇔≡ⱳꜞⱴכ ─D⅜ ⅝ↄ⌂╡ (5-12)≢ ⇔√ ╡

♪כ⸗ ─◄Ⱡꜟ◑כ ⅜ ╕∫√√╘≤ ⅎ╠╣╢  

⇔√⅜∫≡ OrmoCore⅔╟┘ OrmoClad⌐╟∫≡ ↕╣√ⱳꜞⱴכ ≢│

⌐ ℮▪♦▫▪Ᵽ♥▫♇◒ │ ∆╢ ⌐ ∆╢↓≤⅜ ⇔√

◖▪ ┘◒ꜝ♇♪─dn/dt│ ₁─ ⌐ ⇔ ╖ ╦∑⌐╟∫≡│

⌐ ™ ─D⅜ ⇔ ▪♦▫▪Ᵽ♥▫♇◒ ╩ ↕∑╢ ⅜ ╢↓≤

⅜ ↕╣√  

 

5.7.  

 ≢│ ⱳꜞⱴכ ─CPO ⌐ ↕╣╢ ≢─ ⌐ ⇔

ⱳꜞⱴכ ─ ∆ ╩ ⇔ ⌐ ╩ ╓⇔ ╢Ɽꜝⱷכ♃≤⇔≡

CTE ─2≈⌐ ⇔√ ⱳꜞⱴכ─ ╩ ⇔√◦Ⱶꜙ꜠כ

◦ꜛfi⸗♦ꜟ╩ ⇔ ⱳꜞⱴכ ─ ╩ ∆╢↓≤≢

─ ⸗♦ꜟ≢│ ─ ⅜ ≢№╢↓≤╩ ╠⅛⌐⇔√ ≈≠™≡

⇔√◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ╩╙≤⌐ SMF⌂╠┘⌐ SiOx ≤─

╩ ⇔ ⌐ ∫≡ D─ ™ SMF≤─ │ ╩ ∆─⌐

⇔ D─ ™SiOx ≤─ │ ╩ ∆↓≤╩ ╠⅛⌐⇔√  

 ╕√ ⱳꜞⱴכ ─ ╩ ∆╢ ╩ ⇔ ⇔√ⱳꜞ

ⱴכ ╩ ™≡ MFD─ ╩ ⇔√ MFD─ │ ◖▪◘▬

☼─ ≢ ⅜ ⌂╡ ◖▪◘▬☼╟╡╙ ⅝™ ≢│ D─ ⌐ ℮ MFD

⅜ ╠╣√  

0.0
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 ≈≠™≡ ╩ ⇔√ⱳꜞⱴכ ─ ◖▪ ╩ ⇔ (25 oC)

(150 oC)─™∏╣≢╙ ⱳꜞⱴכ ≢─ ⅜2.0 dB╩ ╢◖▪

╩ ⇔√ ╩ ⇔√ ≢№∫≡╙ SI ⱳꜞⱴכ ─ ◖

▪ │ Ɽכ♥⌂ ╩ ≤∆╢ ≢  GI ⱳꜞⱴכ │ Ɽכ♥⌂⅛╛

≢ ╩ ⌂↓≤⅜ ⇔√  

 ⌐▪♦▫▪Ᵽ♥▫♇◒ ╩ ⇔≡ Si ⅛╠ ⱳꜞⱴכ ⌐

↕∑╢ ⌐≈™≡ ╩ ™ ⱳꜞⱴכ ≤─ ≢ ⌂ ⅜ ≢⅝

╢↓≤╩ ⇔√ ╕√ ─ ⅜Si -ⱳꜞⱴכ ◖▪ ─

╩ ⅝ ∆ ⌐ ⇔ ╩ ↕∑╢↓≤⅜ ⇔√ ≢ ⌂

◖▪ ╩ ℮↓≤≢™∏╣─ ≢№∫≡╙1 dB╩ ╢ ╩ ∆↓≤⅛

╠ ꜞfi◒┼─ⱳꜞⱴכ ─ ⅜ ↕╣╢↓≤╩ ⇔√  

 ╕√ ▪♦▫▪Ᵽ♥▫♇◒ ≤╙⌐ ⌐╟∫≡ ─ │ ╠

╣╢╙── ⌂◖▪ ╩ ℮↓≤≢ ⱳꜞⱴכ ─ ⅜№╠╝╢ ≢

ꜞfi◒ ⌐ ≢⅝╢↓≤⅜ ⇔√  
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6.1.  

─AI ─ ⌐╟∫≡⁸ ₁─ │╟╡ ⅛⌐⌂∫≡™ↄ↓≤⅜ ↕╣≡⅔

╡ ╙ ⅜ ⅝ↄ ⇔≡™ↄ↓≤⅜ ↕╣ ⌐ ╡ ℮ ╙

⌐ ⅎ≡™ↄ≤ ⅎ╠╣╢ ╩ │≢♃fi☿♃כ♦╢∆ ה ה

⅜ ↕╣ ≤™∫√ ⌂ ≢╙ ꜞfi◒─ ⅜ ╘╠╣≡™

╢ ⌐ ↕╣≡™╢▪◒♥▫Ⱪ ╩ꜟⱩכ◔ ™√Ⱳכ♪◄♇☺╕≢─ ⌐

⇔ ↓↓ Ɽ♇◔כ☺ ⌐ ╩ ⇔ ╩ ∆╢

≢№╢ Co-Packaged Optics(CPO)⅜ ╩ ╘≡™╢ CPO─ ─√╘⌐│◦ꜞ◖fi

≤ ⱨ□▬Ᵽ ─ ⌂ ─ ⅜ ≤⌂╢⅜ ↕╣≡™╢

ꜝfi◓◌ⱪ▫♥כ꜠◓╛ │♦ⱷꜞ♇♩╙№╡ ⌐│™√∫≡™⌂™ ∕↓≢

≢│ ⱳꜞⱴכ ╩☻ⱳ♇♩◘▬☼ ≤⇔≡ ꜞfi◒⌐ ∆╢

⌂ ╩ ⇔√ ╕√ CPO┼─ⱳꜞⱴכ ─ ≢ ≤⌂╢

⌐ ⇔≡ ╩ ∫√ ≢│ ╩ ∂≡ ╠╣√ⱳꜞⱴכ ─

─ ⌂╠┘⌐ ⌐≈™≡ ⌐ ─ ™⌐ ⇔≡╕≤╘╢  

 

6.1.1.  ȠɜșɔɋºȲɆɓɇº ǡ  

 ─ ⌂╢ⱳꜞⱴכ ≤⇔≡ SI ─ GI

─ⱨ◊♩▪♪꜠☻ ╩ ⇔√ ╩ ∆╢↓≤≢ ⌂╢ ⌂╠

┘⌐◖▪ ╩ ∆╢◦fi◓ꜟ⸗כ♪ⱳꜞⱴכ ─ ⌐ ⇔√ ⇔√ⱳꜞⱴ

כ ─ ⌐◦fi◓ꜟ⸗כ♪ ≤MFD⌐ ⇔ ⌐ ╠╣√ ≤

◦Ⱶꜙ꜠כ◦ꜛfi≢ ↕╣╢ ⅜ ⇔™↓≤╩ ⇔√  

 

6.1.2.  SiOx ǛȠɜșɔɋºȲ ȾȊȍȹ(SMF) ǡ⌡ǡɆɓɇº

 

 │∂╘⌐ⱳꜞⱴכ ─ ꜞfi◒ ⌐№√╡ ↕╣╢ ╩ ⇔ ⱳꜞ

ⱴכ ≢2.4 dB(ⱨ꜠Ⱡꜟ ≢3.1 dB)≢№╣┌ ≢ⱳꜞⱴכ

─ ⅜ ∂╢↓≤╩ ╠⅛⌐⇔√  

 ⱳꜞⱴכ ≤⇔≡ ⱨ◊♩▪♪꜠☻ ▬fiⱪꜞfi♩ ╩

⇔ ∕╣∙╣─ ≢ ╠╣╢SI GI GI ⱳꜞⱴכ ╩⸗♦ꜟ

⇔◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫√  

 SMF≤ⱳꜞⱴכ ─ ╩◦Ⱶꜙ꜠כ◦ꜛfi≢ ⇔√ ◖▪ ─

⌐╟╡ 0 dB⌐╕≢ ╩ ≢⅝╢↓≤╩ ⇔√ ⌐ ╩ ∆╢
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GI ◖▪≢│ SI ≤ ⇔≡ ⅝⌂◖▪◘▬☼≢ ╩ ∆↓≤⅜ ╠⅛≤⌂∫√

≢ GI ◖▪│ ⅜ ∆╢√╘ D ≢│ ⌂ ∂ ╘⅜ ╠╣∏

◄ⱣⱠ♇☿fi♩ ⅜◖▪ ⌐╕≢ ╖ ⇔ ≤⇔≡SMF≤─ ╩ ↕∑╢

↓≤╩ ╠⅛⌐⇔√ ╕√ ⱳꜞⱴכ ─◖▪◘▬☼≤ MFD ─ ╩ ⇔  

MFD─ ╩ ╢◖▪◘▬☼ ™╦╝╢ ◖▪◘▬☼⅜ ∆╢↓≤╩ ╠⅛⌐⇔

↓─ ◖▪◘▬☼⅜◦fi◓ꜟ⸗כ♪ⱳꜞⱴכ ⌐ ╩ ⅎ╢↓≤╩ ⇔√ ↕

╠⌐│↓─ ◖▪◘▬☼│ⱳꜞⱴכ ─D ⌂╠┘⌐ ─ ╩ ↄ ↑

╢↓≤╩ ⇔ ▪ⱪꜞ◔כ◦ꜛfi⌐ ⇔√ ╛ ─ ╩ ⇔√  

 ⇔√ⱳꜞⱴכ ╩ ™≡ SMF≤─ ╩ ⌐ ⇔ SI ⱳꜞⱴ

כ ≤ SMF ─ ⅜ ≤⌂╢◖▪ ≢ 0.5 dB GI ⱳꜞⱴכ

≢│0.1 dB≢№∫√ ╕√ ↓╣╠─ ⌐ ╠╣√ ⌂╠┘⌐♩꜠ꜝfi☻⅜

◦Ⱶꜙ꜠כ◦ꜛfi≤ ⇔≡™╢↓≤╩ ⇔√  

 ≈≠™≡ SiOx ≤ⱳꜞⱴכ ─ ╩◦Ⱶꜙ꜠כ◦ꜛfi≢ ⇔

⌂◖▪ SI ⱳꜞⱴכ ≢│ 0.25 dBGI ⱳꜞⱴכ ≢│

0.32 dBGI ⱳꜞⱴכ ≢│0.42 dB≤⌂∫√ ↓╣╠─ │™∏╣╙

SMF≤─ ≤ ⇔≡ ⅝ↄ ꜞfi◒⌐ⱳꜞⱴכ ╩ ⇔√ ⌐ SiOx

≤─ ⅜ ≤⌂╢↓≤╩ ╠⅛⌐⇔√  

 ⌐SiOx ≤ⱳꜞⱴכ ─ ╩ ∆═ↄ ⌂SiOx

─ ≤⇔≡ UHNA1ⱨ□▬Ᵽ╩ ⇔ ╩ ∫√≤↓╤ SI ⱳꜞⱴכ

≤SiOx ─ ⅜ ≤⌂╢◖▪ ≢1.8 dBGI ⱳꜞⱴכ

≢│1.5 dB≢№╡ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ↕╣╢ ≤⅔⅔╗⌡ ⇔√  

 ⌐ⱳꜞⱴכ ╩SMF≤SiOx ⌐ ⇔√ ꜞfi◒╩ ⇔ ≢

─ ╩ ∆╢ⱳꜞⱴכ ─◖▪ ╩ ⇔√ ⱳꜞⱴכ

⌐│ ⌐ ╠∏ 1.0 dB⌐ ≢№╢↓≤╩ ⇔

ⱳꜞⱴכ ⅜☻ⱳ♇♩◘▬☼ ≤⇔≡ ⌂↓≤╩ ╠⅛⌐⇔√ ╕√ GI

ⱳꜞⱴכ ≢│SI ≤ ⇔≡ ™ ♩꜠ꜝfi☻╩ ⇔≡™╢↓≤ ↕╠⌐│

Ɽכ♥⌂ ⅜ ⌂ↄ ─ ╩ ∆↓≤⅜ ⇔√  

 

6.1.3.  CPOꞌ Ǟ ǄǒɆɓɇº ǡּד  

 CPO ⌐ ⇔ ⱳꜞⱴכ │ASIC ⌐ ∆╢↓≤⅜ ↕╣ 100 oC

─ ≢─ ⅜ ╘╠╣╢ ⅜ ╢ ∕↓≢ ≢│ⱳꜞⱴכ

─ ⌐ ╩ ∫√ ⱳꜞⱴכ─ ─ ⅜ ⌐

╩ ╓∆ ≤⇔≡ ( )≤ ─ ⌐ ⇔√  

 ⱳꜞⱴכ ≤⇔≡ OrmoCore⅔╟┘ OrmoClad╩ ⇔

╩ ⇔√◦Ⱶꜙ꜠כ◦ꜛfi ⱳꜞⱴכ ─⸗♦ꜟ╩ ⇔√ ⱳꜞⱴכ

─ ≢⸗♦ꜟ ⇔√╙─⌐ ⅎ Mosquito≢ ↕╣╢ GI ◖▪╩ ⅎ
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4 ─ ⌐ ⇔≡ ⇔√  

 │∂╘⌐ ≤ ─ ⅜ⱳꜞⱴכ ─ ⌐ ⅎ╢

⌐≈™≡ ⇔ 25 oC 150 oC─ ⌐ ™ ◖▪◘▬☼ ⌐ ⇔≡D─ ⅜╟

╡ ≢№╢↓≤╩ ╠⅛⌐⇔√  D─ │◖▪≤◒ꜝ♇♪ ⅜∕╣∙╣ ≈

─ ─ ⌐ ⇔≡⅔╡ ⱳꜞⱴכ ⌐ ↑≡ ─

⅜ ⇔√ ⌐ ◖▪◘▬☼╩ ╢╟℮⌂◖▪◘▬☼╩ ≈ⱳꜞⱴכ

≢│ ⅝⌂ ╩ ∆ ⅜ ╠╣ ☻ⱳ♇♩◘▬☼ ≤⇔≡ ↕╣╢

Ɽכ♥ ─ ⌐ ⇔≡ ⇔√ ╕√ ⅜ ⌐MFD⌐

╓∆ ⌐≈™≡ ╩ ™ ⌐ ™MFD⅜ ∆╢ ⅜ ╠╣√ ⌐

╙MFD─ ╩ ∆═ↄ ╩ ⇔≡ ╩ ™ ≤ ─

⅜ ╠╣╢↓≤╩ ⇔√ ╠╣√ ╩◦Ⱶꜙ꜠כ◦ꜛfi ≤↓─ⱳꜞⱴכ

─ MFD ⌐╟∫≡ SMF⌂╠┘⌐SiOx ≤─ ╙ ╩

∆ ⅜ ╠╣ ⌐ ™SMF≤─ ⅜ ∆╢ ≢ SiOx ≤─

⅜ ∆╢ ⅜ ╠╣√ ─ⱨ○♪כ꜠♩─↓ ⌐╟╡ SMFSiOx

⌐ⱳꜞⱴכ ╩ ∆╢ ⅜ ∆╢↓≤⅜ ↕╣ 25 oC

150 oC≢ ⌂ ─┤╢╕™╩ ∆ⱳꜞⱴכ ╩ ⇔ ™∏╣─

≢╙ ⅜2.0 dB≢№╢↓≤╩ ╠⅛⌐⇔√ ↓─ │4

≢ ╘√ 3.1 dB⌐ ⇔≡ ⌂ⱴכ☺fi╩ ╠╣≡⅔╡ ⌂◖▪ ⌐╟╡

ⱳꜞⱴכ ╩ ꜞfi◒⌐ ∆╢ ⅜ ⌐ ∆╢↓≤╩ ⇔√  

 ⌐ ▪♦▫▪Ᵽ♥▫♇◒ ╩ ™√◦ꜞ◖fi ≤ⱳꜞⱴכ ─

─ ╩ ∫√ ⌂╢◖▪ ◖▪ ↕ D╩╙≈ⱳꜞⱴכ ≤─ ╩

⇔ D⅜ ⅝™╒≥ ∆╢↓≤⅜ ⇔√ ⌐ ⇔√≤↓╤ ◖

▪ ↕ ─ ─ ⌐╟∫≡ GIⱳꜞⱴכ ⅜ ⌐ ™

╩ ∆↓≤╩ ╠⅛⌐⇔√ ╕√ Ɽꜝⱷכ♃╩ ⇔ ◦ꜞ◖fi ─

┼─ ⅜╒≤╪≥⌂™↓≤╩ ⇔√ Ormo ≢│

⌐ ™D⅜ ∆╢↓≤≢ ⱳꜞⱴכ ─ ⌐╟╠∏▪♦▫▪Ᵽ♥▫♇◒

⅜ ∆╢ ⅜ ╠╣ 25 oC 150 oC™∏╣─ ≢№∫≡╙

╩ ∆╢↓≤≢ⱳꜞⱴכ ≤◦ꜞ◖fi ─ ⅜1 dB ⌐

≢⅝╢↓≤⅜ ⇔√  

─ ╟╡ ⱳꜞⱴכ │ ⌂ ╩ ∆╢↓≤≢ ▪

♦▫▪Ᵽ♥▫♇◒ ™∏╣─ ≢№∫≡╙ ≢ ╩ ∆↓≤⅜

╠⅛≤⌂╡ ⱳꜞⱴכ ╩ ⇔√ ⅜CPO ⌐ ↑≡ ≢ ≢⅝╢

↓≤╩ ⇔√  
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6.2. ǱǛǴ 

 ≢ ╠╣√ ⌐⅔↑╢ⱳꜞⱴכ ─ ꜞfi◒ ⌐╟∫≡

⌂ ╩╕≤╘╢ Fig. 6-1⌐ ─ ╩◓ꜝⱨ≢╕≤╘√  

3ה ≢ ⇔√ ⱳꜞⱴכ ─ (Fig. 4-5╩ ) 

4ה ─ ╩ ∂≡ ╠╣√ ≢─ⱳꜞⱴכ ─ ⱳꜞⱴכ

─ (25 oC 150 oC) 

5ה ─ ╩ ∂≡ ╠╣√ №╠╝╢ ≢ ⌂┤╢╕™╩ ∆ⱳꜞⱴכ

─ ⱳꜞⱴכ ─ (25 oC 150 oC) 

 

 

Fig. 6-1 ◖▪ ─ⱳꜞⱴכ ≢─  

 

 Figure 6-1╟╡ ⱳꜞⱴכ ╩ ∆╢ ⌐ ╦∑≡ ⌂◖▪ ╩ ∆

↓≤≢ ⱳꜞⱴכ ─ ꜞfi◒ ⌐╟∫≡ ꜞfi◒ ─ ⌐ ≢⅝╢↓≤

⅜ ⇔√  
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6.3. ǡ  

 ≢ ╠╣√ ╟╡  CPO ⌐ ↑≡ꜞfi◒ ⌐ ≢⅝╢ ≤⇔

≡ ⱳꜞⱴכ ⅜ ≢№╢↓≤╩ ⇔√ ⌐ ⱳꜞⱴכ ─ ≢

─ ≢№╢ ≢─ ┼─ ⌐ ⇔ ⅔╟┘ ─

⅛╠ ≢ ⅜⌂™↓≤╩ ⇔√ ╕√ GI ⱳꜞⱴכ │SI ≤

⇔≡ ♩꜠ꜝfi☻⅜ ™↓≤ ↕╠⌐│ ╩ Ɽכ♥─╘√╢∆ ┼─

⅜ ↕╣╢↓≤╩ ╠⅛⌐⇔√ ⱳꜞⱴכ ─ ⱪ꜡☿☻│ ⌐

⅜ ↕╣√Ɽ♇◔כ☺ ⌐ ↕╣╢↓≤⅜ ↕╣╢↓≤⅛╠ ─ ⌐

♩꜠ꜝfi☻⅜ ™↓≤│ ≢ ≤⌂∫≡ↄ╢ GI ⱳꜞⱴכ ─

≤⇔≡ ₁ ↕╣≡™╢⅜ ⌐ ⇔√ ≤⇔≡│ ⱬכ◒ꜝ▬♩

─ⱨ◊♩▪♪꜠☻ ⅜ ≢№╡ ⱪ꜡☿☻ⱨꜞכ≤™∫√ ╙ ∑≡ CPO

↑◦fi◓ꜟ⸗כ♪ⱳꜞⱴכ ≤⇔≡ ⱨ◊♩▪♪꜠☻ ⌐╟∫≡ ↕╣╢ GI

ⱳꜞⱴכ ⅜ ↕╣╢ ≢ GI ⱳꜞⱴכ ─ ≤⇔≡

╩ ♩כ◐☻⸗╢™≡╘ ≢│ ꜟ♪כ♬ ⌐╟╢◖▪Ɽ♃כfi ≤™∫√ꜚ

⌂◒כ♬ ⌐╟∫≡ ≢│ ⌂3 ╩ Ɽ♇◔כ☺ ≢

≢№╢ ⇔√⅜∫≡ ♩כ◐☻⸗≢ ─ ≢№╢ ╛ ≤™∫√

⅜ ∆╢↓≤≢ ⱳꜞⱴכ ─ ╩ ∟ ╢↓≤⅜≢⅝╢≤ ↕╣

╢
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Appendix 

 

≢ ™√ ╠╣√ ─℮∟ ⌂ ⌐≈™≡ ⌐ ∆╢  

  

A. ֹו[ ¥4.3.2.SMFǛɆɓɇº ǡ ( )] 

≢ ⇔√ SI ⱳꜞⱴכ ─ⱳꜞⱴכ (SI-

MMF )ⱳꜞⱴכ (SMF ) ─ ╩Table A-1⌐ ∆ ⌂⅔

◖▪ 12 mm⌐≈™≡│ch. 1─♅ꜗⱠꜟ⅔╟┘◖▪ 10 mm─ch. 1, 2, 3, 4⌐≈™≡

│ ⌐╟╡ ◖▪⅜ ⌐ ↕╣⌂⅛∫√√╘ ─ ⅛╠│

⇔≡™╢  

 

Table A-1 ≢ ⇔√ SI ⱳꜞⱴכ ─  

  

 

≈≠™≡ ⱨ◊♩▪♪꜠☻ ≢ ⇔√ SI ⱳꜞⱴכ ─ⱳꜞⱴכ

(SI-MMF ) ⱳꜞⱴכ (SMF ) ─ ╩Table 

A-2⌐ ∆  

 

Table A-2 ⱨ◊♩▪♪꜠☻ ≢ ⇔√ GI ⱳꜞⱴכ ─  

 

SI-MMF SMF

12 2.19 2.82

11 1.87 2.50

10 1.89 2.51

9 1.87 2.42

8 1.80 2.36

7 2.02 2.75

Insertion loss

[dB]

Received fiber

C
o

re
 w

id
th

 [ɛ
m

]

(M
a

s
k
 a

p
e

rt
u

re
)

SI-MMF SMF

12 - -

11 0.10 0.14

10 0.08 0.32

9 0.23 0.26

8 0.13 0.15

7 0.13 0.26

Insertion loss s

[dB]

Received fiber

C
o

re
 w

id
th

 [ɛ
m

]

(M
a

s
k
 a

p
e

rt
u

re
)

SI-MMF SMF

15 0.88 1.46

14 0.89 1.24

13 0.94 1.35

12 0.95 1.34

11 1.01 1.35

10 1.06 1.48

9 1.15 1.62

8 1.18 1.62

7 1.20 1.50

6 1.24 1.38

5 1.39 1.79

4 1.54 1.74

3 1.63 2.09

Insertion loss ave.

[dB]

Received fiber

C
o

re
 w

id
th

 [ɛ
m

]

(M
a

s
k
 a

p
e

rt
u

re
)

SI-MMF SMF

15 0.03 0.09

14 0.03 0.06

13 0.04 0.15

12 0.03 0.14

11 0.03 0.09

10 0.02 0.11

9 0.04 0.09

8 0.05 0.17

7 0.11 0.17

6 0.03 0.08

5 0.09 0.20

4 0.09 0.11

3 0.05 0.05

Received fiber

C
o

re
 w

id
th

 [ɛ
m

]

(M
a

s
k
 a

p
e

rt
u

re
)

Insertion loss s

[dB]
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B. ֹו[ ¥4.3.3. SMFǛɆɓɇº ǡ ȱɕɒɜȢ(

)] 

ⱳꜞⱴכ ≤SMF ≢─Ⱶ☻▪ꜝ▬ⱷfi♩♩꜠ꜝfi☻╩ ◖▪ ≢ ⇔√

╩ ⌐Fig. B-1 Fig. B-2⌐ ∆  

 

 

Fig. B-1 SIⱳꜞⱴכ ─Ⱶ☻▪ꜝ▬ⱷfi♩♩꜠ꜝfi☻ 
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Fig. B-2 GI ⱳꜞⱴכ ─Ⱶ☻▪ꜝ▬ⱷfi♩♩꜠ꜝfi☻ 

 

C. ֹו[ ¥4.4.1. SiOxǛɆɓɇº ǡ (

)] 

SiOx ≤─ ╩ ∆ ⱳꜞⱴכ ─ ◖▪ ≤∕─ ─

╩Table C-1⌐╕≤╘√  
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Table C-1 D─ ⌐ ╠╣╢SiOx ≤─  

⌂╠┘⌐∕─ ╩ ∆ⱳꜞⱴכ ◖▪ ▪◖ה ↕ 

 

 

D. ɈȢȋɒȍɊɜȱǛɆɓɇº ǡ [ ¥4.3.4. Ɇɓɇº

ǫǡ ɈȢȋɒȍɊɜȱǡ☼ ] 

Figure 4-32⌐ ⇔√◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ⌐≡ ⱨ□▬Ᵽ≢№╢SMF≤─Ⱶ☻

▪ꜝ▬ⱷfi♩╩ (x) (y) 2 ⌐ ↕∑√≤⅝⌐ ⱳꜞⱴכ

─ ⌐♪כ⸗(0) ↕╣╢ ─ ╩ ⇔√ ╩Table D-1⌐ ∆ ⌂⅔

SMF⅔╟┘ⱳꜞⱴכ │ (x) ⌂╠┘⌐ (y) ⌐ ⇔≡ ≢№╢⅛╠

Ⱶ☻▪ꜝ▬ⱷfi♩ ⌐≈™≡│x y ™∏╣╙ ⌐─╖ ↕∑≡™╢ ╕√

Table D-1⌐≡ ─ ⅜85 ─☿ꜟ╩ 75% 85% ─☿ꜟ╩

75% ─☿ꜟ╩ ≢ ⇔√ ╕√ Table D-1≤ ─ Ⱶ☻▪ꜝ▬ⱷfi♩⅜ ∂

√ ─ SMF≤ⱳꜞⱴכ ─≥♪כ⸗ ╩ Table D-2⌐╕≤╘√

Table D-2⌐≡ SMF≤─ ⅜0.5 dB≤⌂╢☿ꜟ⌐≈™≡│ ≢ ⇔ 0.5 dB

╩ ⅎ╢ ╩ ∆☿ꜟ⌐≈™≡│ ≢ ⇔√  

D(%)
Lowest loss

(dB)

core width (ɛm)

×

core height (ɛm)

Lowest loss

(dB)

core width (ɛm)

×

core height (ɛm)

Lowest loss

(dB)

core width (ɛm)

×

core height (ɛm)

0.1 8.1 10×10 8.4 15×10 8.7 15×15

0.2 5.6 7×7 5.9 12×7 6.2 11×12

0.3 4.2 6×6 4.5 9×6 4.8 9×10

0.4 3.3 5×5 3.6 8×5 3.8 8×9

0.5 2.7 5×5 2.9 7×5 3.2 8×8

0.6 2.2 4×5 2.4 7×5 2.7 7×7

0.7 1.8 4×4 2.1 7×4 2.3 7×7

0.8 1.5 4×4 1.7 6×4 2.0 6×6

0.9 1.3 4×4 1.5 6×4 1.7 6×6

1.0 1.1 4×4 1.3 5×4 1.5 6×6

1.1 1.0 3×4 1.1 5×4 1.3 5×6

1.2 0.83 3×4 1.0 5×4 1.1 5×5

1.3 0.70 3×3 0.84 5×3 1.0 5×5

1.4 0.59 3×3 0.73 5×3 0.86 5×5

1.5 0.50 3×3 0.63 5×3 0.76 5×5

1.6 0.43 3×3 0.55 5×3 0.67 5×5

1.7 0.37 3×3 0.48 4×3 0.60 5×5

1.8 0.32 3×3 0.42 4×3 0.54 4×5

1.9 0.28 3×3 0.37 4×3 0.48 4×5

2.0 0.25 3×3 0.32 4×3 0.42 4×4

Refractive index profile

SI Horizontal GI Square GI

©2024 Optica  
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Table D-1 Ⱶ☻▪ꜝ▬ⱷfi♩≤ⱳꜞⱴכ ─ ─┼♪כ⸗ ─

 

 

 

Table D-2 Ⱶ☻▪ꜝ▬ⱷfi♩≤ⱳꜞⱴכ ─┼♪כ⸗ ─  

 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0

0.0 100% 100% 100% 99% 99% 99% 98% 98% 97% 97% 96% 95% 94% 93% 92% 91% 90% 89% 88% 87% 86% 84% 83% 82% 81% 79% 78% 77% 75% 74% 73%

0.1 100% 100% 100% 99% 99% 99% 98% 98% 97% 97% 96% 95% 94% 93% 92% 91% 90% 89% 88% 87% 86% 84% 83% 82% 81% 79% 78% 77% 75% 74% 73%

0.2 100% 100% 100% 99% 99% 99% 98% 98% 97% 96% 96% 95% 94% 93% 92% 91% 90% 89% 88% 87% 86% 84% 83% 82% 80% 79% 78% 77% 75% 74% 72%

0.3 99% 99% 99% 99% 99% 98% 98% 98% 97% 96% 96% 95% 94% 93% 92% 91% 90% 89% 88% 87% 85% 84% 83% 82% 80% 79% 78% 76% 75% 74% 72%

0.4 99% 99% 99% 99% 99% 98% 98% 97% 97% 96% 95% 95% 94% 93% 92% 91% 90% 89% 88% 86% 85% 84% 83% 81% 80% 79% 77% 76% 75% 73% 72%

0.5 99% 99% 99% 98% 98% 98% 97% 97% 96% 96% 95% 94% 93% 92% 91% 90% 89% 88% 87% 86% 85% 84% 82% 81% 80% 78% 77% 76% 74% 73% 72%

0.6 98% 98% 98% 98% 98% 97% 97% 96% 96% 95% 94% 94% 93% 92% 91% 90% 89% 88% 87% 86% 84% 83% 82% 81% 79% 78% 77% 75% 74% 73% 71%

0.7 98% 98% 98% 98% 97% 97% 96% 96% 95% 95% 94% 93% 92% 91% 91% 90% 88% 87% 86% 85% 84% 83% 81% 80% 79% 78% 76% 75% 74% 72% 71%

0.8 97% 97% 97% 97% 97% 96% 96% 95% 95% 94% 93% 93% 92% 91% 90% 89% 88% 87% 86% 85% 83% 82% 81% 80% 78% 77% 76% 74% 73% 72% 70%

0.9 97% 97% 96% 96% 96% 96% 95% 95% 94% 93% 93% 92% 91% 90% 89% 88% 87% 86% 85% 84% 83% 81% 80% 79% 78% 76% 75% 74% 73% 71% 70%

1.0 96% 96% 96% 96% 95% 95% 94% 94% 93% 93% 92% 91% 90% 90% 89% 88% 87% 85% 84% 83% 82% 81% 80% 78% 77% 76% 75% 73% 72% 71% 69%

1.1 95% 95% 95% 95% 94% 94% 94% 93% 93% 92% 91% 90% 90% 89% 88% 87% 86% 85% 84% 83% 81% 80% 79% 78% 76% 75% 74% 73% 71% 70% 69%

1.2 94% 94% 94% 94% 94% 93% 93% 92% 92% 91% 90% 90% 89% 88% 87% 86% 85% 84% 83% 82% 81% 79% 78% 77% 76% 74% 73% 72% 71% 69% 68%

1.3 93% 93% 93% 93% 93% 92% 92% 92% 91% 90% 90% 89% 88% 87% 86% 85% 84% 83% 82% 81% 80% 79% 77% 76% 75% 74% 72% 71% 70% 69% 67%

1.4 92% 92% 92% 92% 92% 91% 91% 91% 90% 89% 89% 88% 87% 86% 85% 84% 83% 82% 81% 80% 79% 78% 76% 75% 74% 73% 72% 70% 69% 68% 67%

1.5 91% 91% 91% 91% 91% 90% 90% 90% 89% 88% 88% 87% 86% 85% 84% 83% 82% 81% 80% 79% 78% 77% 76% 74% 73% 72% 71% 69% 68% 67% 66%

1.6 90% 90% 90% 90% 90% 89% 89% 88% 88% 87% 87% 86% 85% 84% 83% 82% 81% 80% 79% 78% 77% 76% 75% 73% 72% 71% 70% 69% 67% 66% 65%

1.7 89% 89% 89% 89% 89% 88% 88% 87% 87% 86% 86% 85% 84% 83% 82% 81% 80% 79% 78% 77% 76% 75% 74% 72% 71% 70% 69% 68% 66% 65% 64%

1.8 88% 88% 88% 88% 88% 87% 87% 86% 86% 85% 84% 84% 83% 82% 81% 80% 79% 78% 77% 76% 75% 74% 73% 72% 70% 69% 68% 67% 66% 64% 63%

1.9 87% 87% 87% 87% 86% 86% 86% 85% 85% 84% 83% 83% 82% 81% 80% 79% 78% 77% 76% 75% 74% 73% 72% 71% 69% 68% 67% 66% 65% 63% 62%

2.0 86% 86% 86% 86% 85% 85% 85% 84% 83% 83% 82% 81% 81% 80% 79% 78% 77% 76% 75% 74% 73% 72% 71% 69% 68% 67% 66% 65% 64% 62% 61%

2.1 85% 85% 84% 84% 84% 84% 83% 83% 82% 82% 81% 80% 79% 79% 78% 77% 76% 75% 74% 73% 72% 71% 70% 68% 67% 66% 65% 64% 63% 61% 60%

2.2 83% 83% 83% 83% 83% 82% 82% 82% 81% 80% 80% 79% 78% 77% 77% 76% 75% 74% 73% 72% 71% 69% 68% 67% 66% 65% 64% 63% 62% 60% 59%

2.3 82% 82% 82% 82% 82% 81% 81% 80% 80% 79% 79% 78% 77% 76% 75% 74% 74% 73% 72% 71% 69% 68% 67% 66% 65% 64% 63% 62% 61% 59% 58%

2.4 81% 81% 81% 81% 80% 80% 80% 79% 79% 78% 77% 77% 76% 75% 74% 73% 72% 71% 70% 69% 68% 67% 66% 65% 64% 63% 62% 61% 60% 59% 57%

2.5 80% 80% 80% 79% 79% 79% 78% 78% 77% 77% 76% 75% 75% 74% 73% 72% 71% 70% 69% 68% 67% 66% 65% 64% 63% 62% 61% 60% 59% 58% 56%

2.6 78% 78% 78% 78% 78% 77% 77% 77% 76% 75% 75% 74% 73% 73% 72% 71% 70% 69% 68% 67% 66% 65% 64% 63% 62% 61% 60% 59% 58% 57% 55%

2.7 77% 77% 77% 77% 76% 76% 76% 75% 75% 74% 74% 73% 72% 71% 71% 70% 69% 68% 67% 66% 65% 64% 63% 62% 61% 60% 59% 58% 57% 55% 54%

2.8 76% 76% 76% 75% 75% 75% 74% 74% 73% 73% 72% 72% 71% 70% 69% 68% 68% 67% 66% 65% 64% 63% 62% 61% 60% 59% 58% 57% 56% 54% 53%

2.9 74% 74% 74% 74% 74% 74% 73% 73% 72% 72% 71% 70% 70% 69% 68% 67% 66% 66% 65% 64% 63% 62% 61% 60% 59% 58% 57% 56% 55% 54% 53%

3.0 73% 73% 73% 73% 73% 72% 72% 72% 71% 70% 70% 69% 68% 68% 67% 66% 65% 64% 63% 63% 62% 61% 60% 59% 58% 57% 56% 55% 54% 53% 52%

V
e

rt
ic

a
l 
m

is
a

li
g

n
m

e
n

t 
( 

  m
m

)

Fundame

ntal mode

ratio (%))

Horizontal misalignment (mm)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0

0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.8 0.8 0.9 1.0 1.1 1.2 1.2 1.3 1.4 1.5 1.6 1.8

0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.8 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.8 0.9 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

0.3 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.4 0.5 0.5 0.6 0.7 0.7 0.8 0.9 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

0.4 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.4 0.4 0.4 0.5 0.6 0.6 0.7 0.7 0.8 0.9 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

0.5 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.7 0.8 0.9 1.0 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

0.6 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.8 0.8 0.9 1.0 1.1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

0.7 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.7 0.8 0.9 0.9 1.0 1.1 1.2 1.3 1.3 1.4 1.5 1.6 1.7 1.9

0.8 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.5 0.5 0.5 0.6 0.6 0.7 0.8 0.8 0.9 1.0 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9

0.9 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.7 0.8 0.9 0.9 1.0 1.1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9

1.0 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.7 0.8 0.8 0.9 1.0 1.0 1.1 1.2 1.3 1.3 1.4 1.5 1.6 1.7 1.8 1.9

1.1 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.5 0.5 0.5 0.6 0.6 0.7 0.7 0.8 0.8 0.9 1.0 1.1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

1.2 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.5 0.6 0.6 0.6 0.7 0.7 0.8 0.8 0.9 1.0 1.0 1.1 1.2 1.3 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

1.3 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.5 0.5 0.6 0.6 0.6 0.7 0.7 0.8 0.8 0.9 0.9 1.0 1.1 1.2 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1

1.4 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.6 0.6 0.6 0.7 0.7 0.7 0.8 0.8 0.9 0.9 1.0 1.1 1.1 1.2 1.3 1.4 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1

1.5 0.5 0.5 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.7 0.7 0.7 0.8 0.8 0.9 0.9 1.0 1.0 1.1 1.2 1.3 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2

1.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.7 0.7 0.7 0.8 0.8 0.8 0.9 0.9 1.0 1.0 1.1 1.2 1.2 1.3 1.4 1.5 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2

1.7 0.6 0.6 0.6 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.9 0.9 0.9 1.0 1.0 1.1 1.2 1.2 1.3 1.4 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3

1.8 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.8 0.8 0.9 0.9 0.9 1.0 1.0 1.1 1.1 1.2 1.2 1.3 1.4 1.4 1.5 1.6 1.7 1.8 1.8 1.9 2.0 2.1 2.2 2.3

1.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.9 1.0 1.0 1.0 1.1 1.1 1.2 1.2 1.3 1.4 1.4 1.5 1.6 1.7 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4

2.0 0.8 0.9 0.9 0.9 0.9 0.9 0.9 0.9 1.0 1.0 1.0 1.1 1.1 1.2 1.2 1.3 1.3 1.4 1.4 1.5 1.6 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5

2.1 0.9 0.9 0.9 0.9 0.9 1.0 1.0 1.0 1.0 1.1 1.1 1.1 1.2 1.2 1.3 1.3 1.4 1.4 1.5 1.6 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6

2.2 1.0 1.0 1.0 1.0 1.0 1.0 1.1 1.1 1.1 1.1 1.2 1.2 1.3 1.3 1.4 1.4 1.5 1.5 1.6 1.7 1.7 1.8 1.9 2.0 2.0 2.1 2.2 2.3 2.4 2.5 2.6

2.3 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.2 1.2 1.2 1.3 1.3 1.3 1.4 1.4 1.5 1.5 1.6 1.7 1.7 1.8 1.9 2.0 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7

2.4 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.3 1.3 1.3 1.4 1.4 1.4 1.5 1.5 1.6 1.6 1.7 1.8 1.8 1.9 2.0 2.1 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8

2.5 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.4 1.4 1.4 1.4 1.5 1.5 1.6 1.6 1.7 1.7 1.8 1.9 1.9 2.0 2.1 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9

2.6 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.5 1.5 1.5 1.6 1.6 1.7 1.7 1.8 1.8 1.9 1.9 2.0 2.1 2.2 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0

2.7 1.4 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.6 1.6 1.6 1.7 1.7 1.8 1.8 1.9 1.9 2.0 2.0 2.1 2.2 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1

2.8 1.5 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.7 1.7 1.7 1.8 1.8 1.9 1.9 2.0 2.0 2.1 2.1 2.2 2.3 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2

2.9 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.8 1.8 1.8 1.8 1.9 1.9 2.0 2.0 2.1 2.1 2.2 2.2 2.3 2.4 2.5 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3

3.0 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.9 1.9 1.9 2.0 2.0 2.0 2.1 2.1 2.2 2.2 2.3 2.4 2.4 2.5 2.6 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4
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E. ǝǼǦǞ ]וֹ ¥4.4.2. SiOxǛɆɓɇº

ǡ ( )] 

UHNA1≤─  

ᵑ-1 ꜞ ⱨ□꜠fi☻  ( Fig. E-1 (a)) 

ⱳꜞⱴכ ╩ ⇔⌂™ ≢ ⱪ꜡כⱩ╩ ⇔ Ⱨכ◒ ( )╩

 

ⱪ꜡כⱩ SMF 

ⱪ꜡כⱩ 105 mmF SI-MMF NA:0.22 (∆═≡─ ╩ ⌂ ⅛≈ NA⌂

ⱨ□▬Ᵽ)  

 [ ⌐ ∆╢ ] ⱨ꜠Ⱡꜟ (SMF- ) ⱨ꜠Ⱡꜟ ( -105 mmF SI-

MMF) (SMF-105 mmF SI-MMF) 

 

ᵑ-2 ⱳꜞⱴכ (SI-MMF )  ( Fig. E-1 (b)) 

ⱳꜞⱴכ ╩ⱪ꜡כⱩ ⌐ ◖▪╩ ⇔ Ⱨכ◒ ( )

╩  

ⱪ꜡כⱩ SMF 

ⱪ꜡כⱩ 105 mmF SI-MMF NA:0.22 (∆═≡─ ╩ ⌂ ⅛≈ NA⌂

ⱨ□▬Ᵽ) 

[ ⌐ ∆╢ ] ⱨ꜠Ⱡꜟ (SMF- ) ⱨ꜠Ⱡꜟ ( -ⱳꜞⱴכ

) (SMF-ⱳꜞⱴכ ) (ⱳꜞⱴכ )ⱨ꜠Ⱡꜟ (ⱳ

ꜞⱴכ - )ⱨ꜠Ⱡꜟ ( -105 mmF SI-MMF) (ⱳꜞⱴכ

-105 mmF SI-MMF) 

 

ᵑ-3 ⱳꜞⱴכ (SI-MMF )  

ᵑ-1≢ √ꜞⱨ□꜠fi☻ ≤ᵑ-2≢ √ⱳꜞⱴכ (SI-MMF )─

╩ ∆╢↓≤≢ ─ ╩ ∆╢↓≤⅜≢⅝╢ ↓─ ╩ⱳꜞⱴכ

≤⇔≡ ⇔ 8 ch.─ ╠⅛♃כ♦ ╩ ⇔√  

 [ ⌐ ∆╢ ]  (SMF-105 mmF SI-MMF)ⱨ꜠Ⱡꜟ ( -ⱳꜞ

ⱴכ ) (SMF-ⱳꜞⱴכ ) (ⱳꜞⱴכ )ⱨ꜠Ⱡ

ꜟ (ⱳꜞⱴכ - ) (ⱳꜞⱴכ -105 mmF SI-MMF) 

ᵒ-1 ꜞⱨ□꜠fi☻  ( Fig. E-1 (c)) 

ⱳꜞⱴכ ╩ ⇔⌂™ ≢ ⱪ꜡כⱩ╩ ⇔ Ⱨכ◒ ( )╩

 

ⱪ꜡כⱩ SMF 

ⱪ꜡כⱩ UHNA1 

 [ ⌐ ∆╢ ] ⱨ꜠Ⱡꜟ (SMF- )ⱨ꜠Ⱡꜟ ( -UHNA1)
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(SMF-UHNA1) 

 

ᵒ-2 ⱳꜞⱴכ (UHNA1) ( Fig. E-1 (d)) 

ⱳꜞⱴכ ╩ⱪ꜡כⱩ ⌐ ◖▪╩ ⇔ Ⱨכ◒ ( )

╩  

ⱪ꜡כⱩ SMF 

ⱪ꜡כⱩ UHNA1 

[ ⌐ ∆╢ ] ⱨ꜠Ⱡꜟ (SMF- ) ⱨ꜠Ⱡꜟ ( -ⱳꜞⱴכ

) (SMF-ⱳꜞⱴכ ) (ⱳꜞⱴכ )ⱨ꜠Ⱡꜟ (ⱳ

ꜞⱴכ - )ⱨ꜠Ⱡꜟ ( -UHNA1) (ⱳꜞⱴכ -UHNA1) 

 

ᵒ-3 ⱳꜞⱴכ (UHNA1)  

 ᵒ-1≢ √ꜞⱨ□꜠fi☻ ≤ᵒ-2≢ √ⱳꜞⱴכ (SMF )─

╩ ∆╢↓≤≢ ─ ╩ ∆╢↓≤⅜≢⅝╢ ↓─ ╩ⱳꜞⱴכ

(UHNA1 )≤⇔≡ ⇔ 8 ch.─ ╠⅛♃כ♦ ╩

⇔√  

 [ ⌐ ∆╢ ]  (SMF-UHNA1)ⱨ꜠Ⱡꜟ ( -ⱳꜞⱴכ

) (SMF-ⱳꜞⱴכ ) (ⱳꜞⱴכ )ⱨ꜠Ⱡꜟ (ⱳ

ꜞⱴכ - ) (ⱳꜞⱴכ - UHNA1) 

 

ᵓ ⱳꜞⱴכ - SMF  

ᵑ-3ᵒ-3≢ ⇔√ ─ ╩ ╘╢↓≤≢ ⱳꜞⱴכ ─

╛ⱨ꜠Ⱡꜟ ≤™∫√╒≤╪≥─ ╩ ∆╢↓≤⅜≢⅝╢  

↓─≤⅝ ↕╣∏⌐ ╢ ≤⇔≡ (SMF-105 mmF SI-MMF)

(SMF-UHNA1)─2≈⅜№╢⅜ │╒≤╪≥ ⅜ ∂⌂™≤ ↕╣╢√╘ ≢

⅝╢ ⌐≈™≡│ ─ ™⌐╟∫≡ ⅜ ∂╢ ↓─ │

▪♄ⱪ♃כ╩ ™≡ⱨ□▬Ᵽ ╩ ↕∑╢↓≤≢ ⇔ 1.63 dB≤ ╘√  

⇔√⅜∫≡ ᵑ-3 ᵒ-3≢ ⇔√ ─  ⌐ 1.63 dB╩ ⅎ√ ╩ ⱳꜞ

ⱴכ ≤UHNA1─ ≤⇔≡ ⇔√  
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Fig. E-1 SiOx ╩ ⇔√UHNA1≤─  

 

 ╩ ™≡ ≢ ⇔√ SI ⱳꜞⱴכ ⌂╠

┘⌐ⱨ◊♩▪♪꜠☻ ≢ ⇔√ GIⱳꜞⱴכ ─ ⱳꜞⱴכ

(SI-MMF ) ⱳꜞⱴכ (SMF ) ╩ ⇔√ ╩ ∕

╣∙╣Table E-1 Table E-2⌐ ∆  

 

Table E-1 ≢ ⇔√ SI ⱳꜞⱴכ ─  

  

 

 

 

 

 

 

UHNA1

Laser

1310 nm
105mmF

SI-MMF

Power 

meter

15mm

SMF

8 ch.cores

Laser

1310 nm
105mmF

SI-MMF

Power 

meter
SMF

Laser

1310 nm

Power 

meter
SMF

Laser

1310 nm

Power 

meter

15mm

SMF

8 ch.cores

UHNA1

(a)

(b)

(c)

(d)

SI-MMF UHNA1

12 2.19 2.77

11 1.87 2.18

10 1.89 2.10

9 1.87 2.21

8 1.80 2.23

7 2.02 2.51

C
o

re
 w

id
th

 [ɛ
m

]

(M
a

s
k
 a

p
e

rt
u

re
)

Insertion loss ave.

[dB]

Received fiber

SI-MMF UHNA1

12 - -

11 0.10 0.09

10 0.08 0.12

9 0.23 0.27

8 0.13 0.11

7 0.13 0.08

C
o

re
 w

id
th

 [ɛ
m

]

(M
a

s
k
 a

p
e

rt
u

re
)

Insertion loss s

[dB]

Received fiber
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Table E-2 ⱨ◊♩▪♪꜠☻ ≢ ⇔√ GI ⱳꜞⱴכ ─  

  

 

F. ȅ ǌȜȋ [ ¥4.5.2. Ɇɓɇº ǛSMF¢SiOx

ǡ (SSC )] 

 SSC ╩ ⇔⌂™ ≢ ⌂◖▪ ╩ ∆╢ⱳꜞⱴכ ⌐ ⇔≡

SMF⌂╠┘⌐ SiOx ≤─ ╩ ⇔√ ⌐ ╠╣√ ⱳꜞⱴכ ≤

SMF SiOx ≤─ ╩ ⌐∆╢ⱳꜞⱴכ ─◖▪ ╩

⌐Table F-1 Table F-2 Table F-3⌐ ∆  

 

Table F-1. ╩ ∆SIⱳꜞⱴכ ─◖▪  

 

 

 

 

 

 

SI-MMF UHNA1

15 0.88 1.28

14 0.89 1.22

13 0.94 1.08

12 0.95 1.02

11 1.01 0.97

10 1.06 0.96

9 1.15 1.03

8 1.18 1.05

7 1.20 1.05

6 1.24 1.15

5 1.39 1.84

4 1.54 2.12

3 1.63 2.80

C
o

re
 w

id
th

 [ɛ
m

]

(M
a

s
k
 a

p
e

rt
u

re
)

Insertion loss ave.

[dB]

Received fiber

SI-MMF UHNA1

15 0.03 0.24

14 0.03 0.43

13 0.04 0.25

12 0.03 0.08

11 0.03 0.11

10 0.02 0.06

9 0.04 0.15

8 0.05 0.15

7 0.11 0.18

6 0.03 0.05

5 0.09 0.25

4 0.09 0.10

3 0.05 0.08

C
o

re
 w

id
th

 [ɛ
m

]

(M
a

s
k
 a

p
e

rt
u

re
)

Insertion loss s

[dB]

Received fiber

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

2 10 10 10 9 8 6 6 5 4 4 3 3 3 3 2 2 2 2 2 2

3 15 12 9 7 6 5 4 4 3 3 3 2 2 2 2 2 2 2 2 2

4 15 10 7 6 5 4 4 3 3 3 2 2 2 2 2 2 2 2 2 2

5 15 9 7 6 5 4 4 3 3 2 2 2 2 2 2 2 2 5 5 5

6 13 8 6 5 4 4 4 3 3 2 2 2 2 2 2 5 5 5 5 5

7 12 8 6 5 4 4 4 3 3 3 2 2 2 2 5 5 5 5 5 6

8 12 7 6 5 4 4 4 3 3 3 2 2 5 5 5 5 5 5 5 6

9 11 7 6 5 4 4 4 3 3 3 4 4 5 5 5 5 5 5 6 6

10 11 7 6 5 4 4 4 3 3 3 4 4 5 5 5 5 5 5 6 6

11 10 7 5 5 4 4 4 3 3 4 4 4 5 5 5 5 5 5 6 6

12 10 7 5 5 4 4 4 3 3 4 4 5 5 5 5 5 5 5 6 6

13 10 7 5 5 4 4 4 3 4 4 4 5 5 5 5 5 5 5 6 6

14 10 7 5 5 4 4 4 4 4 4 4 5 5 5 5 5 5 5 6 6

15 9 6 5 5 4 4 4 3 4 4 4 5 5 5 5 5 5 6 6 6

C
o

re
 h

e
ig

h
t 

(µ
m

)

core width

@lowest loss

( m)

D (%)
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Table F-2. ╩ ∆ GI ⱳꜞⱴכ ─◖▪  

 

 

Table F-3. ╩ ∆ GI ⱳꜞⱴכ ─◖▪  

 

 

G. ȅ ǌȜȋ [ ¥4.5.3. Ɇɓɇº ǛSMF¢SiOx

ǡ (SSC )] 

 SSC ╩ ⇔√ ⌐ ⱳꜞⱴכ ≤SMF⌂╠┘⌐SiOx ─ ╩

⇔√ ⌐ ╠╣√ ⱳꜞⱴכ ≤ SMF SiOx ≤─ ╩

⌐∆╢ⱳꜞⱴכ ─◖▪ ╩ ⅔╟┘ ⌐ Table G-1 F-6⌐

∆  

 

Table G-1. ╩ ∆SIⱳꜞⱴכ ─◖▪ (SMF) 

 

 

 

 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

2 14 10 10 10 12 11 9 8 7 6 6 5 5 4 4 3 3 3 3 2

3 15 15 14 11 9 8 7 6 5 5 4 4 3 3 3 2 2 2 2 2

4 15 15 12 10 8 7 6 5 5 4 4 3 3 3 2 2 2 2 2 2

5 15 14 11 9 7 6 6 5 5 4 3 3 3 2 2 2 2 2 2 2

6 15 13 10 8 7 6 6 5 5 4 3 3 3 2 2 2 2 2 10 10

7 15 12 9 8 7 6 6 5 5 4 4 3 7 8 2 9 9 10 10 10

8 15 12 9 8 7 6 6 5 5 5 6 7 7 8 8 9 9 10 10 10

9 15 11 9 7 7 6 6 5 5 6 6 7 8 8 9 9 9 10 10 10

10 15 11 9 7 7 6 6 6 6 6 6 7 8 8 9 9 10 10 10 11

11 15 11 8 7 7 6 6 6 6 6 7 7 8 8 9 9 10 10 10 11

12 15 10 8 7 6 6 6 6 6 6 7 7 8 8 9 9 10 10 10 11

13 15 10 8 7 6 6 6 6 6 6 7 7 8 8 9 9 10 10 10 11

14 15 10 8 7 6 6 6 6 6 6 7 7 8 8 9 9 10 10 10 11

15 15 10 8 7 6 6 6 6 6 6 7 7 8 8 9 9 10 10 10 11

C
o

re
 h

e
ig

h
t 

(µ
m

)

core width

@lowest loss

( m)

D (%)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

2 14 14 10 10 10 10 10 10 10 10 8 7 7 6 6 5 5 4 4 4

3 14 15 15 15 12 11 9 8 7 7 6 5 5 4 4 3 3 3 3 2

4 15 15 15 12 10 9 8 7 6 5 5 4 4 3 3 3 3 2 2 2

5 15 15 14 11 9 8 7 6 6 5 4 4 3 3 3 2 2 2 2 2

6 15 15 12 10 8 7 7 6 5 5 4 4 3 3 3 2 2 2 2 2

7 15 15 11 9 8 7 6 6 5 5 4 4 3 3 2 2 2 2 2 2

8 15 14 11 9 8 7 6 6 5 5 4 4 3 3 2 2 2 2 2 2

9 15 14 10 9 7 7 6 6 5 5 4 4 3 3 2 2 2 2 2 9

10 15 13 10 8 7 7 6 6 5 5 5 5 6 7 7 8 8 9 9 10

11 15 12 10 8 7 7 6 6 5 5 5 6 7 7 8 8 9 9 9 10

12 15 12 9 8 7 7 6 6 6 6 6 6 7 7 8 8 9 9 10 10

13 15 12 9 8 7 7 6 6 6 6 6 7 7 8 8 9 9 9 10 10

14 15 12 9 8 7 7 6 6 6 6 6 7 7 8 8 9 9 10 10 10

15 15 11 9 8 7 7 6 6 6 6 7 7 8 8 8 9 9 10 10 10

D (%)

C
o

re
 h

e
ig

h
t 

(µ
m

)

core width

@lowest loss

( m)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

2 10 10 10 10 8 7 5 4 3 14 2 14 14 14 14 14 14 14 14 14

3 15 13 10 8 6 4 3 2 2 2 2 2 2 2 11 11 11 11 12 12

4 15 11 8 7 4 3 2 2 2 2 2 11 11 11 11 11 12 12 12 12

5 15 10 8 7 3 3 2 2 2 11 11 11 11 11 11 12 12 12 12 12

6 15 9 8 8 9 2 2 2 11 11 11 11 11 11 12 12 12 12 12 12

7 14 9 8 8 9 10 10 10 11 11 11 11 11 11 12 12 12 12 12 12

8 13 9 8 8 9 10 10 10 11 11 11 11 11 11 12 12 12 12 12 12

9 12 8 8 9 9 10 10 11 11 11 11 11 11 12 12 12 12 12 12 12

10 12 8 8 9 9 10 10 11 11 11 11 11 11 12 12 12 12 12 12 12

11 11 8 8 9 9 10 10 11 11 11 11 11 11 12 12 12 12 12 12 12

12 11 8 8 9 10 10 10 11 11 11 11 11 12 12 12 12 12 12 12 12

13 11 8 8 9 10 10 10 11 11 11 11 11 12 12 12 12 12 12 12 12

14 11 8 8 9 10 10 10 11 11 11 11 11 12 12 12 12 12 12 12 12

15 11 8 8 9 10 10 11 11 11 11 11 11 12 12 12 12 12 12 12 12

C
o

re
 h

e
ig

h
t 

(µ
m

)

core width

@lowest loss

( m)

D (%)

©2024 Optica  
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Table G-2. ╩ ∆SIⱳꜞⱴכ ─◖▪ (SiOx ) 

 

 

Table G-3. ╩ ∆ GI ⱳꜞⱴכ ─◖▪ (SMF) 

 

 

Table G-4 ╩ ∆ GI ⱳꜞⱴכ ─◖▪ (SiOx ) 

 

 

Table G-5. ╩ ∆ GI ⱳꜞⱴכ ─◖▪ (SMF) 

 

 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

2 10 10 10 9 7 6 6 5 5 5 4 4 4 4 3 3 3 3 3 3

3 15 11 8 7 6 5 5 4 4 4 4 3 3 3 3 3 3 3 3 3

4 14 9 7 6 5 5 4 4 4 4 3 3 3 3 3 3 3 3 3 3

5 13 8 6 5 5 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3

6 12 8 6 5 5 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3

7 11 7 6 5 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3

8 11 7 6 5 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3

9 10 7 5 5 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3

10 10 7 5 5 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3

11 9 6 5 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3

12 9 6 5 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3

13 9 6 5 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3

14 9 6 5 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3

15 9 6 5 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3

C
o

re
 h

e
ig

h
t 

(µ
m

)

core width

@lowest loss

( m)

D (%)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

2 14 14 14 14 13 11 8 6 5 4 3 3 3 2 2 2 2 2 14 14

3 15 15 15 12 10 6 5 4 3 3 2 2 2 2 2 2 2 2 2 2

4 15 15 13 10 7 5 4 3 3 2 2 2 2 2 2 2 2 2 2 15

5 15 15 12 10 6 4 3 3 2 2 2 2 2 2 2 15 15 15 15 15

6 15 14 11 10 12 4 3 2 2 2 2 2 2 15 15 15 15 15 15 15

7 15 14 11 11 13 15 15 2 2 2 15 15 15 15 15 15 15 15 15 15

8 15 13 11 12 14 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

9 15 13 11 12 14 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

10 15 13 12 13 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

11 15 13 12 13 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

12 15 12 12 13 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

13 15 12 12 14 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

14 15 12 12 14 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

15 15 12 12 14 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

C
o

re
 h

e
ig

h
t 

(µ
m

)

core width

@lowest loss

( m)

D (%)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

2 14 10 10 10 12 11 9 8 8 7 7 6 6 6 5 5 5 5 5 5

3 15 15 14 11 9 8 7 7 6 6 6 5 5 5 5 5 4 4 4 4

4 15 15 12 9 8 7 7 6 6 5 5 5 5 5 5 4 4 4 4 4

5 15 14 10 8 7 7 6 6 5 5 5 5 5 4 4 4 4 4 4 4

6 15 12 9 8 7 6 6 5 5 5 5 5 5 4 4 4 4 4 4 4

7 15 12 9 8 7 6 6 5 5 5 5 5 4 4 4 4 4 4 4 4

8 15 11 9 7 6 6 6 5 5 5 5 5 4 4 4 4 4 4 4 4

9 15 10 8 7 6 6 5 5 5 5 5 4 4 4 4 4 4 4 4 4

10 15 10 8 7 6 6 5 5 5 5 5 4 4 4 4 4 4 4 4 4

11 15 10 8 7 6 6 5 5 5 5 4 4 4 4 4 4 4 4 4 4

12 14 10 8 7 6 6 5 5 5 5 4 4 4 4 4 4 4 4 4 4

13 14 9 8 7 6 5 5 5 5 5 4 4 4 4 4 4 4 4 4 4

14 13 9 7 7 6 5 5 5 5 4 4 4 4 4 4 4 4 4 4 4

15 13 9 7 6 6 5 5 5 5 4 4 4 4 4 4 4 4 4 4 4

C
o

re
 h

e
ig

h
t 

(µ
m

)

core width

@lowest loss

( m)

D (%)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

2 14 14 14 14 14 14 14 14 14 14 14 5 4 4 3 3 3 3 2 2

3 15 15 15 15 13 11 9 6 5 4 4 3 3 3 2 2 2 2 2 2

4 15 15 15 13 11 8 6 4 4 3 3 2 2 2 2 2 2 2 2 2

5 15 15 15 12 10 6 5 4 3 3 2 2 2 2 2 2 2 2 2 2

6 15 15 13 11 9 5 4 3 3 2 2 2 2 2 2 2 2 2 2 2

7 15 15 13 10 9 5 4 3 2 2 2 2 2 2 2 2 2 2 15 15

8 15 15 12 10 11 4 3 3 2 2 2 2 2 2 2 2 15 15 15 15

9 15 15 12 11 12 13 3 3 2 2 2 2 2 2 15 15 15 15 15 15

10 15 14 12 11 12 14 15 15 2 2 2 2 2 15 15 15 15 15 15 15

11 15 14 12 11 13 14 15 15 2 2 2 15 15 15 15 15 15 15 15 15

12 15 14 12 12 13 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

13 15 13 12 12 13 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

14 15 13 12 12 14 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

15 15 13 12 12 14 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

C
o

re
 h

e
ig

h
t 

(µ
m

)

D (%)core width

@lowest loss

( m)
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Table G-6. ╩ ∆ GI ⱳꜞⱴכ ─◖▪ (SiOx ) 

 

 

H. Ɇɓɇº -SiOx ǡּד ∟ [ ¥5.3.3. Ɇɓɇº

-SiOx ǡּד ∟ ] 

⌂╢◖▪◘▬☼ ╩ ∆╢ⱳꜞⱴכ ⌐ ⇔≡ SiOx ≤─

╩ ⇔√ ╩Table H-1⌐ ∆  

 

Table H-1 ⌂╢ ≢─SiOx ≤ⱳꜞⱴכ ─  

 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

2 14 10 10 10 10 10 10 10 10 10 10 8 7 7 7 6 6 6 6 5

3 14 15 15 14 12 11 9 8 8 7 7 6 6 6 6 5 5 5 5 5

4 15 15 15 12 10 9 8 7 7 6 6 6 5 5 5 5 5 5 4 4

5 15 15 13 11 9 8 7 7 6 6 6 5 5 5 5 5 5 4 4 4

6 15 15 12 10 8 7 7 6 6 6 5 5 5 5 5 5 4 4 4 4

7 15 14 11 9 8 7 7 6 6 5 5 5 5 5 5 5 4 4 4 4

8 15 13 10 9 8 7 6 6 6 5 5 5 5 5 5 5 4 4 4 4

9 15 13 10 8 7 7 6 6 5 5 5 5 5 5 5 5 4 4 4 4

10 15 12 9 8 7 7 6 6 5 5 5 5 5 5 5 5 4 4 4 4

11 15 12 9 8 7 6 6 6 5 5 5 5 5 5 5 5 4 4 4 4

12 15 11 9 8 7 6 6 6 5 5 5 5 5 5 5 5 5 4 4 4

13 15 11 9 8 7 6 6 6 5 5 5 5 5 5 5 5 5 5 4 4

14 15 11 9 7 7 6 6 6 5 5 5 5 5 5 5 5 5 5 5 5

15 15 11 9 7 7 6 6 6 5 5 5 5 5 5 5 5 5 5 5 5

D (%)

C
o

re
 h

e
ig

h
t 

(µ
m

)

core width

@lowest loss

( m)

Core size (mm) 4 5 6 7 8 9 10 11 12 13 14 15

SI 1.3 1.8 2.4 3.0 3.6 4.2 4.8 5.4 5.9 6.4 6.9 7.4

horizontal GI 1.5 1.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.5

square GI 1.9 1.6 1.7 1.8 2.1 2.3 2.5 2.8 3.0 3.2 3.5 3.7

circular GI 1.7 1.9 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Core size (mm) 4 5 6 7 8 9 10 11 12 13 14 15

SI 1.5 1.9 2.5 3.1 3.7 4.3 4.9 5.4 6.0 6.5 7.0 7.4

horizontal GI 1.7 1.8 2.1 2.5 2.9 3.3 3.7 4.2 4.5 4.9 5.3 5.6

square GI 2.3 1.9 1.9 2.0 2.2 2.5 2.7 2.9 3.2 3.4 3.6 3.8

circular GI 1.9 2.1 2.2 2.2 2.2 2.3 2.3 2.3 2.3 2.3 2.3 2.3

125 

150 

Core size (mm) 4 5 6 7 8 9 10 11 12 13 14 15

SI 1.7 2.1 2.6 3.2 3.8 4.4 4.9 5.5 6.0 6.5 7.0 7.5

horizontal GI 2.1 2.0 2.3 2.7 3.1 3.5 3.9 4.3 4.7 5.0 5.4 5.7

square GI 2.8 2.2 2.1 2.2 2.4 2.6 2.9 3.1 3.4 3.6 3.8 4.0

circular GI 2.1 2.3 2.4 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

Core size (mm) 4 5 6 7 8 9 10 11 12 13 14 15

SI 2.0 2.3 2.7 3.3 3.9 4.5 5.0 5.6 6.1 6.6 7.1 7.5

horizontal GI 2.5 2.3 2.5 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.5 5.9

square GI 3.6 2.7 2.5 2.5 2.7 2.9 3.1 3.4 3.6 3.8 4.0 4.3

circular GI 2.4 2.6 2.7 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8

Core size (mm) 4 5 6 7 8 9 10 11 12 13 14 15

SI 2.3 2.5 3.0 3.5 4.0 4.6 5.2 5.7 6.2 6.7 7.2 7.6

horizontal GI 3.1 2.7 2.8 3.1 3.5 3.8 4.2 4.6 5.0 5.3 5.7 6.0

square GI 4.6 3.3 2.9 2.9 3.0 3.2 3.4 3.6 3.9 4.1 4.3 4.5

circular GI 2.8 3.0 3.1 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2

50 

75 

100 

Core size (mm) 4 5 6 7 8 9 10 11 12 13 14 15

SI 2.9 2.9 3.3 3.7 4.3 4.8 5.3 5.8 6.3 6.8 7.3 7.7

horizontal GI 4.0 3.3 3.3 3.5 3.8 4.1 4.5 4.9 5.2 5.6 5.9 6.2

square GI 6.3 4.2 3.6 3.4 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8

circular GI 3.4 3.5 3.6 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7

25 
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I. 150 oCǚǡSMF-Ɇɓɇº ǡ [ ¥5.5.1. ǡ

] 

150 oC≢─ ⌂╢ D─ⱳꜞⱴכ ⅜ ∆ SMF≤─ ≤

∕─ ╩ ∆◖▪ ▪◖ה ↕╩Table I-1⌐ ∆  

 

Table I-1 D─ ⌐ ╠╣╢SMF≤─ ⌂╠┘⌐∕─ ╩

∆ⱳꜞⱴכ ◖▪ ▪◖ה ↕(150 oC) 

 

 

Table I-1≤Table 4-3─ ╟╡ ─ ⌐╟∫≡ ≤∕─ ─

◖▪ ⅜ ⌂∫≡™╢↓≤⅜╦⅛╢ ↓╣│ ⌐╟╡ⱳꜞⱴכ ─D⅜

∆╢↓≤≢ ⱳꜞⱴכ ◖▪⅜ ∆ ⅜ ⇔√√╘ SMF≤─

⅜ ≤⌂╢◖▪ ⅜ ⇔√ ≢№╢  

≈≠™≡ 150 oC≢─ ⌂╢ D─ⱳꜞⱴכ ⅜ ∆SiOx ≤─

≤ ∕─ ╩ ∆◖▪ ▪◖ה ↕╩Table I-2⌐ ∆  

 

D (%)
Lowest loss

(dB)

core width (ɛm)

×

core height (ɛm)

Lowest loss

(dB)

core width (ɛm)

×

core height (ɛm)

Lowest loss

(dB)

core width (ɛm)

×

core height (ɛm)

0.1 2.3 4×4 2.5 6×4 2.8 6×6

0.2 1.9 4×4 2.1 6×4 2.3 6×6

0.3 1.5 3×4 1.7 5×4 1.9 6×5

0.4 1.3 3×4 1.5 5×3 1.6 5×5

0.5 1.0 3×3 1.2 5×3 1.3 5×5

0.6 0.8 3×3 1.0 5×3 1.1 5×5

0.7 0.7 3×3 0.8 5×3 1.0 5×5

0.8 0.6 3×3 0.7 4×3 0.9 5×4

0.9 0.5 3×3 0.6 4×3 0.7 4×4

1.0 0.4 3×3 0.5 4×3 0.6 4×4

1.1 0.3 3×3 0.4 4×3 0.5 4×4

1.2 0.3 3×3 0.4 4×3 0.5 4×4

1.3 0.3 3×3 0.3 4×3 0.4 4×4

1.4 0.2 3×3 0.3 4×3 0.3 4×4

1.5 0.2 3×3 0.2 4×3 0.3 4×4

1.6 0.2 3×3 0.2 4×3 0.3 4×4

1.7 0.2 3×3 0.2 4×3 0.2 4×4

1.8 0.1 3×3 0.2 4×3 0.2 4×4

1.9 0.1 3×3 0.1 4×3 0.2 4×4

2.0 0.1 3×3 0.1 4×3 0.2 4×4

Refractive index profile

SI Horizontal GI Square GI
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Table I-2 D─ ⌐ ╠╣╢SiOx ≤─ ⌂╠┘⌐∕─

╩ ∆ⱳꜞⱴכ ◖▪ ▪◖ה ↕(150 oC) 

 

Table I-2╟╡ SiOx ≤─ │ ⅜ ⌐ ™ ⇔≡™

╢ ⅜ ╠╣≡⅔╡ SMF≤─ ≢ ╠╣√ ≤│ ⌂╢ ↓╣│ ⌐

╟∫≡ⱳꜞⱴכ ─D⅜ ⇔√ SiOx ♅♇ⱪ꜡ⱨ□▬ꜟ⅜ⱴ♪כ⸗─≥

fi◓∆╢ ⌐ ™√√╘≢№╢  

 

J. SMFƽǻǦSiOx ǡ (25 oC¢150 oCǡ ) Ǜǐǡ ǡȜȋ

[ ¥5.5.1. ǡ ] 

Table 5-20≤ ∂ ╩ ™≡ SMF⅔╟┘ SiOx ─ (25 oC

150 oC─ ) ≤∕─ ─◖▪ ⌐≈™≡ GI ⌂╠┘⌐ GI ⱳꜞⱴכ

⌐ ⇔≡ ⇔√ ╩Table J-1 J-2⌐ ∆  

 

 

 

D (%)
Lowest loss

(dB)

core width (ɛm)

×

core height (ɛm)

Lowest loss

(dB)

core width (ɛm)

×

core height (ɛm)

Lowest loss

(dB)

core width (ɛm)

×

core height (ɛm)

0.1 2.3 4×4 2.5 6×4 2.8 6×6

0.2 1.9 4×4 2.1 6×4 2.3 6×6

0.3 1.5 3×4 1.7 5×4 1.9 6×5

0.4 1.3 3×4 1.5 5×3 1.6 5×5

0.5 1.0 3×3 1.2 5×3 1.3 5×5

0.6 0.8 3×3 1.0 5×3 1.1 5×5

0.7 0.7 3×3 0.8 5×3 1.0 5×5

0.8 0.6 3×3 0.7 4×3 0.9 5×4

0.9 0.5 3×3 0.6 4×3 0.7 4×4

1.0 0.4 3×3 0.5 4×3 0.6 4×4

1.1 0.3 3×3 0.4 4×3 0.5 4×4

1.2 0.3 3×3 0.4 4×3 0.5 4×4

1.3 0.3 3×3 0.3 4×3 0.4 4×4

1.4 0.2 3×3 0.3 4×3 0.3 4×4

1.5 0.2 3×3 0.2 4×3 0.3 4×4

1.6 0.2 3×3 0.2 4×3 0.3 4×4

1.7 0.2 3×3 0.2 4×3 0.2 4×4

1.8 0.1 3×3 0.2 4×3 0.2 4×4

1.9 0.1 3×3 0.1 4×3 0.2 4×4

2.0 0.1 3×3 0.1 4×3 0.2 4×4

Refractive index profile

SI Horizontal GI Square GI
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Table J-1 GI ⱳꜞⱴכ ≤SMF⅔╟┘SiOx ─ (25 

oC 150 oC─ ) ≤∕─ ─◖▪  
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Table J-2 GI ⱳꜞⱴכ ≤SMF⅔╟┘SiOx ─ (25 

oC 150 oC─ ) ≤∕─ ─◖▪  

 

 

Table J-1 Table J-2╟╡ GI ⱳꜞⱴכ ≢│D─ ≤≤╙⌐ ⌂◖▪ ↕

│ ↕ↄ⌂∫≡™⅝ ⌐D = 2.0%≢│2 mm≤ SI ⱳꜞⱴכ ─ ≤ ⇔≡

↕™ GI ⱳꜞⱴכ │ ◖▪ ─ ─ ⌐╟∫≡ ⌐D⅜ ⅝™ ≢

⅜◖▪ ⌐ ╕∫≡™╢√╘ ◖▪◘▬☼ ≢│ ⌐ SMF─ ⅝™ MFD

≤─ⱴ♇♅fi◓⅜ ⇔™ ∕─√╘ ◖▪◘▬☼ ⌐ ℮ ─ ⌂ ⌐╟∫

≡ SMF≤─ ─ⱴ♇♅fi◓╩ ⇔ ╩ ↕∑≡™╢ Table 

J-1 J-2≢│ SMF≤─ ╩ ⌐∆╢◖▪ │ ↕ↄ⌂∫≡⅔╡ ◖▪

⌐≈™≡╙◖▪ ⌐ ℮ ⌂ ─ ╩ ∆╢ ⅜№╢↓≤⅜ ⇔

√  

 

K. ȋȰȌȋȹȯȌȬȘ ȅ ǞǌǾɆɓɇº ǡ Ȝȋ [ ¥5.6.3. 

│ǝǾ ȅ ǌǾɆɓɇº ǡȋȰȌȋȹȯȌȬȘ ] 

1 ~ 2%─D⌐ ⇔≡◖▪ ◖▪ ↕╩ ↕∑√≤⅝─ⱳꜞⱴכ ─TE11⸗כ♪

┼─▪♦▫▪Ᵽ♥▫♇◒ Ladi TE╩ ⇔ D≢ ⅜ ≤⌂╢ ─

SMF SiOx waveguide
Core width (mm)

[SMF]

Core width (mm)

[SiOx waveguide]
Core height (mm)

0.10 1.8 13.0 15 11 15

0.20 0.5 9.3 14 9 11

0.30 0.3 7.2 13 8 9

0.40 0.4 5.9 13 7 8

0.50 0.5 4.9 15 6 6

0.60 0.6 4.2 15 6 8

0.70 0.9 3.5 15 6 7

0.80 0.9 3.2 15 5 8

0.90 1.2 2.6 2 5 6

1.0 1.3 2.2 2 5 6

1.1 1.4 1.9 2 5 5

1.2 1.5 1.7 2 5 4

1.3 1.6 1.5 2 5 4

1.4 1.8 1.3 2 5 4

1.5 1.7 1.4 2 5 3

1.6 1.8 1.2 2 5 3

1.7 2.1 1.0 2 5 3

1.8 2.3 0.9 2 4 3

1.9 1.7 1.4 2 5 2

2.0 1.8 1.2 2 5 2

D (%)

Total coupling loss (dB) Polymer waveguide core design
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≤◖▪ ╩ ⇔≡╕≤╘√ GI ⱳꜞⱴכ GI ⱳꜞⱴכ

─ ╩∕╣∙╣Table K-1 Table K-2⌐ ∆ ⌂⅔ GI ⱳꜞⱴכ ≢│

◖▪ ─ ─ ⌐ ℮ ─ ⌐ ™ D = 1.0%1.1%⌐ ◖▪◘▬

☼ ⌐ ⌂ ∂ ╘⅜ ╠╣∏⌐ ⅜ ↕╣⌂™◖▪ ⅜ ⇔√

╩ ⇔√  

 

Table K-1 GI ⱳꜞⱴכ ≤Si ─▪♦▫▪Ᵽ♥▫♇◒ ─

≤∕─ ─ⱳꜞⱴכ ◖▪  

 

 

Table K-2 GI ⱳꜞⱴכ ≤Si ─▪♦▫▪Ᵽ♥▫♇◒ ─

≤∕─ ─ⱳꜞⱴכ ◖▪  

 

 

D

(%)

lowest loss

(dB)

core width 

core height

(mm)

1.0 2.29 5˷4

1.1 0.98 3˷3

1.2 0.84 3˷3

1.3 0.80 3˷3

1.4 0.77 3˷3

1.5 0.70 3˷3

1.6 0.64 3˷3

1.7 0.57 3˷3

1.8 0.52 3˷3

1.9 0.45 3˷3

2.0 0.37 3˷3

D

(%)

lowest loss

(dB)

core width 

core height

(mm)

1.0 N/A N/A

1.1 N/A N/A

1.2 0.97 7˷3

1.3 0.87 6˷3

1.4 0.92 3˷3

1.5 0.80 3˷3

1.6 0.76 3˷3

1.7 0.79 3˷3

1.8 0.77 3˷3

1.9 0.76 3˷3

2.0 0.74 3˷3
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L. 150 oCǞƽǄǾȋȰȌȋȹȯȌȬȘ ȅ ǞǌǾɆɓɇº ǡ Ȝȋ

[ ¥5.6.4. ȋȰȌȋȹȯȌȬȘ ǡּד ∟ ] 

SI GI GI ⱳꜞⱴכ ⌐ ⇔≡ 150 oC⌐⅔↑╢Si

─▪♦▫▪Ᵽ♥▫♇◒ ─ ≤∕─ ─ⱳꜞⱴכ ◖▪ ╩ ⇔√

╩ Table L-1 Table L-2 Table L-3⌐∕╣∙╣ ∆  

 

Table L-1 SI ⱳꜞⱴכ ≤Si ─▪♦▫▪Ᵽ♥▫♇◒ ─

≤∕─ ─ⱳꜞⱴכ ◖▪ (150 oC) 

 

 

Table L-2 GI ⱳꜞⱴכ ≤Si ─▪♦▫▪Ᵽ♥▫♇◒ ─

≤∕─ ─ⱳꜞⱴכ ◖▪ (150 oC) 

 

 

D

(%)

lowest loss

(dB)

core width 

core height

(mm)

1.0 0.23 3˷3

1.1 0.19 3˷3

1.2 0.16 3˷3

1.3 0.13 3˷3

1.4 0.11 3˷3

1.5 0.10 3˷3

1.6 0.11 3˷3

1.7 0.10 3˷3

1.8 0.10 3˷3

1.9 0.10 3˷3

2.0 0.09 3˷3

D

(%)

lowest loss

(dB)

core width 

core height

(mm)

1.0 0.25 4˷3

1.1 0.20 4˷3

1.2 0.16 3˷3

1.3 0.12 3˷3

1.4 0.11 3˷3

1.5 0.09 3˷3

1.6 0.08 3˷3

1.7 0.06 3˷3

1.8 0.05 3˷3

1.9 0.03 3˷3

2.0 0.02 3˷3
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Table L-3 GI ⱳꜞⱴכ ≤Si ─▪♦▫▪Ᵽ♥▫♇◒ ─

≤∕─ ─ⱳꜞⱴכ ◖▪ (150 oC) 

 

D

(%)

lowest loss

(dB)

core width 

core height

(mm)

1.0 0.37 3˷3

1.1 0.31 3˷3

1.2 0.30 3˷3

1.3 0.31 3˷3

1.4 0.30 3˷3

1.5 0.27 3˷3

1.6 0.24 3˷3

1.7 0.22 3˷3

1.8 0.18 3˷3

1.9 0.16 3˷3

2.0 0.13 3˷3
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