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◊✲ᡂᯝࡢᴫせ㸦࿴ᩥ㸧㸸ࣀࢼᮦᩱస〇࢜࢖ࣂࡸᢏ⾡ࠊࡣ࡛࡝࡞ヨᩱࡢཌࡸࡉ⾲㠃⢒ࣀࢼࢆࡉ⢭

ᗘ࡛ ᐃࡿࡍᚲせࡢࡇࠋࡿ࠶ࡀሙྜ୍ࠊ ࠊᩘࡣᐃ⠊ᅖ ࡟⯡ μm௨ෆ࡟㝈ࠋࡿࢀࡽᮏ◊✲࡛ࠊࡣ

ග࣑ࣜἼ࡜࿧ࡿࢀࡤග※ࠊ୪ࠊ࡟ࡧ㠀⥺ᙧ⌧㇟ࡿ࠶࡛✀୍ࡢ஧ගᏊ྾཰ᛂ⟅ࢆ฼⏝ࡿࡍᡭἲࢆ

ᥦ᱌ࠊᩘࡋ mm௨ୖࡢᗈ࠸ ᐃ⠊ᅖࣀࢼࠊࡾࡓࢃ࡟⢭ᗘィ ࢆ࡜ࡇ࡞⬟ྍࡀᐇ㦂ࠋࡓࡋ♧ࡾࡼ࡟

᭦ࡢࡇࠊ࡟ᢏ⾡ࢆⓎᒎࠊᩘࡏࡉ 10km㐲᪉ࡢගࣂ࢖࢓ࣇ཯ᑕⅬᩘࢆ mࡢㄗᕪ࡛ィ ྍ⬟ࢫࢩ࡞

 ࠋࡓࡋస〇ࢆ࣒ࢸ

 

◊✲ᡂᯝࡢᴫせ㸦ⱥᩥ㸧㸸Nano-precision measurement is required for measuring sample 
thickness and surface roughness in the field of nano-material production process, bio 
technology and otheres, where the measurement range is usually limited to within several 
µm. In this study, we proposed a novel measurement method that uses a light called optical 
millimeter wave and a nonlinear phenomenon known as two-photon absorption process, and 
then experimentally confirmed the possibility of nano-precision measurement. Furthermore, 
we developed the same method into a system for measuring the reflection point of an optical 
fiber at several 10 km away within an error of several meters. 
 

஺௜Ỵᐃ㢠 
                               㸦㔠㢠༢఩㸸෇㸧 

 ┤᥋⤒㈝ 㛫᥋⤒㈝ ྜ ィ 

2010ᖺᗘ 1,700,000 510,000 2,210,000 

2011ᖺᗘ 1,100,000 330,000 1,430,000 

2012ᖺᗘ 600,000 180,000 780,000 

ᖺᗘ    

  ᖺᗘ    

⥲ ィ 3,400,000 1,020,000 4,420,000 

 
 

◊✲ศ㔝㸸ගࢫࢡࢽࣟࢺࢡ࢚ࣞ 

 ศ⛉࣭⣽┠㸸㟁Ẽ㟁ᏊᕤᏛ࣭ィ ᕤᏛࡢ㈝◊⛉

  ኚ఩ィࠊἼ࣑ࣜගࠊ㸸஧ගᏊ྾཰ࢻ࣮࣮࣡࢟

 

㸯㸬◊✲㛤ጞᙜึࡢ⫼ᬒ 

μᩘࡀᐃ⠊ᅖ ࡟⯡୍ࠊࡣ ィࡢ⢭ᗘࣀࢼ

m⛬ᗘ࡟㝈ࡾࡼࠊࡋࡶࠋࡿ࠸࡚ࢀࡽᗈ࠸⠊ᅖ

ࣀࢼࠊศ㔝࢜࢖ࣂࠊࡤࢀ࡞࡟⬟ྍࡀᐃ ࡢ࡛

ຍᕤศ㔝ࠊࡵࡌࡣࢆᵝ࡞ࠎศ㔝࡛ࡢᛂ⏝⠊ᅖ

ᣑ኱ࡀᮇᚅ࡛ࠋࡿࡁ 

◊✲௦⾲⪅ࠊࡣࡽ ᐃ⠊ᅖࡀ㏻ᖖࡢᖸ΅ィ

஧ගࡢග⣲Ꮚཷࠊ࡚ࡋ࡜ᡭἲࡿ࡞ࡃᗈࡶࡾࡼ

ᶵ㛵␒ྕ㸸㸯㸰㸴㸮㸳 

◊✲✀┠㸸ᇶ┙◊✲㸦C㸧 

◊✲ᮇ㛫㸸2010㹼2012 

ㄢ㢟␒ྕ㸸22560413 

◊✲ㄢ㢟ྡ㸦࿴ᩥ㸧ග࣑ࣜἼᢏ⾡࡜஧ගᏊ྾཰⌧㇟ࣀࢼࡿࡼ࡟ྜ⼥ࡢኚ఩ィ  

 

◊✲ㄢ㢟ྡ㸦ⱥᩥ㸧Nano-scale displacement measurement by fusing optical millimeter wave 

technology and two-photon absorption phenomenon 

 

◊✲௦⾲⪅  

⏣୰ ὒ௓㸦TANAKA YOSUKE㸧 

ᮾி㎰ᕤ኱Ꮫ࣭኱Ꮫ㝔ᕤᏛ◊✲㝔࣭෸ᩍᤵ 

◊✲⪅␒ྕ㸸20283343 



Ꮚ྾཰ᛂ⟅ࢆ฼⏝ࡓࡋ㊥㞳ィ ࠊ࡚࠸ࡘ࡟ᇶ

♏᳨ウࣀࢼࠊࡋ࠿ࡋࠋࡓࡁ࡚ࡗ࡞⾜ࢆ⢭ᗘࡢ

ィ ᩘࢆ mmࡢ ᐃ⠊ᅖ࡛⾜ࠊࡣ࡜ࡇ࠺࡞ᮍ

㛤ᣅࡢ㡿ᇦ࡛ࠋࡓࡗ࠶ 

᳨ウࡢ⤖ᯝࠊග※࡟ග࣑ࣜἼ࡜ࡇࡿ࠸⏝ࢆ

ࠊᩘࡤࢀࡁ࡛ࡀ mmࡢ ᐃ⠊ᅖ࡛ࣀࢼࡶ⢭ᗘ

ィ ࢆ࡜ࡇ࡞⬟ྍࡀ╔᝿ࠋࡓࡗ⮳࡟ࡿࡍ 

 

㸰㸬◊✲ࡢ┠ⓗ 

ᮏ◊✲࡛ࠊᩘࡣ mmࡢ ᐃ⠊ᅖ࡟ᑐࢼࠊࡋ

஧ࡢ※ගࠊࡵࡓࡿࡍ⌧ᐇࢆ ኚ఩ィࡢ⢭ᗘࣀ

ගᏊ྾཰ᛂ⟅࡜ග࣑ࣜἼග※ࢆ฼⏝ࡓࡋィ

 ᡭἲ᳨ࢆウࢆ࡜ࡇࡿࡍ┠ⓗࠋࡓࡋ࡜ 

┠ⓗ㐩ᡂ100ࠊࡎࡲࠊ࡚ࡅྥ࡟GHzࢆ㉸࠼

Ἴ࣑ࣜගࡿࡍ㧗㏿ᤲᘬࢆ࿘Ἴᩘ⠊ᅖ࠸ᗈࡿ

ᤲᘬჾࡢᐇ⌧ࢆ┠ᶆ2ࠊ࡟ࡵࡓࡢࡑࠋࡓࡋ࡜

Ἴ࣑ࣜගࡓࡋ⏝฼ࢆࢺ࣮ࣅࡢගࢨ࣮ࣞࡢྎ

ග※᳨ࢆウ᭱ࠋࡓࡋ࡜࡜ࡇࡿࡍ⤊ⓗᩘࠊ࡟

mm࡟ࢪࣥࣞࡢᑐࣀࢼࠊࡋ⢭ᗘࡢ㊥㞳 ᐃࢆ

ᐇ⌧ࡢ࣒ࢸࢫࢩࡿࡍᵓ⠏࡜ホ౯ࢆ࡛ࡲ┠ᶆ

 ࠋࡓࡋ࡜

 

㸱㸬◊✲ࡢ᪉ἲ 

ᅗ㸯 ࡢᐇ㦂⣔ࠊࡾࡼ࡟ᥦ᱌ᡭἲࡢཎ⌮☜

ㄆࡢ2ྎࠋࡓࡗ⾜ࢆἼ㛗ྍኚ LD ฟᑕගࡢࡽ࠿

⥺┤ࠊࡋ㏻࡟࣮࣮ࣛࣟࢺࣥࢥ೫Ἴࢀࡒࢀࡑࢆ

೫ගࠊࡋ࡜೫Ἴಖᣢ(PM)ྜ࡛ࣛࣉ࢝ࣂ࢖࢓ࣇ

Ἴࠊ࡚ࡋග࣑ࣜἼࢆᚓࡢࡇࠋࡿග࣑ࣜἼࢆ೫

ගᏊ࡟㏻ࡓࡋᚋࠊ೫Ἴ㍈ࡢ㍈ࢀࡎゅᗘࡀ 45°

ࠋࡿࡍධຊ࡟(PBS)ࢱࢵࣜࣉࢫ࣒࣮ࣅ೫ගࡢ

PBS ࡛┤஺ࡿࡍ೫Ἴ࡟ศࡓࢀࡽࡅග࣑ࣜἼࠊࡣ

ග㊰㛗ࡿ࡞␗࡚ࡋ࡜ཧ↷ගࠊಙྕගࢀࡒࢀࡑ

ࡢ PM ࠊࡣ࡟ಙྕග㊰ࠋࡿࡍఏᦙࢆࣂ࢖࢓ࣇ

PM ࢀࡉᤄධࡀ⥺ኚ㐜ᘏྍࡢධฟຊࣂ࢖࢓ࣇ

2ࠋࡿࡁㄪᩚ࡛ࢆග㊰㛗ᕪࠊࡾ࠾࡚ ࣑ගࡢࡘ

ࣜἼࡢྎ୍࠺ࡶࠊࡣ PBS ┤ࡀ೫Ἴ≧ែࡾࡼ࡟

஺ࠊࡲࡲࡓࡋ஫࡟࠸ᖸ΅ྜࡃ࡞࡜ࡇࡿࡍἼࡉ

ErࠊࡣἼ࣑ࣜගࡓࢀࡉἼྜࠋࡿࢀ ῧຍ࢖࢓ࣇ

ࡾࡼ࡟ࢬࣥࣞࠊࢀࡉቑᖜჾ(EDFA)࡛ቑᖜࣂ

Si-APD Si-APDࠋࡿࢀࡉ㞟ග࡬ ࢀࡉฟຊࡽ࠿

PCࠊࡋ ィ࡛ࢱ࣮࣓ࣥ࢔ࢥࣆࢆ஧ගᏊ㟁ὶࡿ

 ࠋ࠺⾜ࢆ⌮ฎࢱ࣮ࢹ࡛

ග※ഃ࡛2ࠊࡣ Ἴ㛗ྍኚࡢྎ LD 1ࠊࡕ࠺ࡢ

࠺ࡶࠊࡋᘬᤲࢆ࿘Ἴᩘࡢྎ 1 ࡢྎ LD ࿘ࡢ

Ἴᩘ୍ࡣᐃࠊࡁ࡜ࡢࡇࠋࡓࡋ࡜Si-APD ࡛

᳨ฟࡓࢀࡉ஧ගᏊ㟁ὶࠊࡣᅗ㸰ࠊ࡟࠺ࡼࡢ

࿘Ἴᩘᤲᘬ࡜ඹࠊ࡟ṇᘻἼ≧࡟ኚ໬ࠋࡿࡍ

ࢃࡀ㊥㞳ᕪࠊࡽ࠿㏫ᩘࡢ࿘ᮇࡢኚ໬ࡢࡇ

ࣇࢆࢱ࣮ࢹࡓࢀࡽᚓࠊࡣ࡟ලయⓗࠋࡿ࠿

࠿Ⅼࢡ࣮ࣆࡢࣝࢺࢡ࣌ࢫࠊࡋኚ᥮࢚࣮ࣜ

᳨ࢆ௳ᐃ᮲ ࡞㐺᭱ࠋࡿࡵồࢆ㊥㞳ᕪࡽ

ウࠊࡋᮏᡭἲࡿࡅ࠾࡟ ᐃ⢭ᗘࡢホ౯ࢆ

㐍ࠋࡓࡵ  
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ᅗᅗᅗᅗ㸱㸱㸱㸱    ஧ගᏊ㟁ὶ஧ගᏊ㟁ὶ஧ගᏊ㟁ὶ஧ගᏊ㟁ὶ࢚࣮ࣜࣇ࢚࣮ࣜࣇ࢚࣮ࣜࣇ࢚࣮ࣜࣇࡢࡢࡢࡢࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹኚ᥮ኚ᥮ኚ᥮ኚ᥮࡟࡟࡟࡟

    ౛୍౛୍౛୍౛୍ࡢࡢࡢࡢ཯ᑕⅬ཯ᑕⅬ཯ᑕⅬ཯ᑕⅬࡿࢀࡽࡿࢀࡽࡿࢀࡽࡿࢀࡽᚓᚓᚓᚓࡾࡼࡾࡼࡾࡼࡾࡼ

 

ᮏ◊✲ࠊࡣᮏ᮶㠀ᖖ࡟ᚤᑠ࡞ኚ఩ ᐃࡓࡢ

ࠊࢀࡘ࡟ࡿࡵ㐍ࢆ✲◊ࠊࡋ࠿ࡋࠋࡓࡋ㛤ጞ࡟ࡵ

 ᐃࣞࣥ࡜ࢪ ᐃㄗᕪࡢẚࢆಖᣢࠊࡲࡲࡓࡋ

㠀ᖖ࡟㛗㊥㞳ࡢィ ࡶ࡟ᛂ⏝࡛࡟࡜ࡇࡿࡁ

ᛮࠋࡓࡗ⮳࠸ 

㸱㸮kmࠊ࡛ࡇࡑ ᅗࢆ཯ᑕⅬࡢࣂ࢖࢓ࣇගࡢ

㸲ࡢᐇ㦂⣔࡛ ᐃࠊࡋ㛗㊥㞳཯ᑕⅬ᳨ฟࡢ࡬

ᛂ⏝᳨ࢆウࡢࡇࠋࡓࡋ⣔࡛ࠊࡣග࣑ࣜἼ࡟௦

 ࠋࡓࡋᑟධࢆฟ᳨ࣥ࢖ࢡࢵࣟ࡟ࡓ᪂ࠊࡾ



 

ᅗᅗᅗᅗ㸲㸲㸲㸲    ཷග⣲Ꮚཷග⣲Ꮚཷග⣲Ꮚཷග⣲Ꮚࡢࡢࡢࡢ஧ගᏊ྾཰㟁ὶ஧ගᏊ྾཰㟁ὶ஧ගᏊ྾཰㟁ὶ஧ගᏊ྾཰㟁ὶ࢖ࢡࢵࣟ࢖ࢡࢵࣟ࢖ࢡࢵࣟ࢖ࢡࢵࣟ࡜࡜࡜࡜

᳨ࣥࣥࣥࣥฟ᳨ฟ᳨ฟ᳨ฟࢆࢆࢆࢆ฼⏝฼⏝฼⏝฼⏝ࡓࡋࡓࡋࡓࡋࡓࡋ㛗㊥㞳཯ᑕⅬィ 㛗㊥㞳཯ᑕⅬィ 㛗㊥㞳཯ᑕⅬィ 㛗㊥㞳཯ᑕⅬィ     

 

㸲㸬◊✲ᡂᯝ 

ᮏ◊✲࡛ࠊࡣᏳᐃ࡞ග࣑ࣜἼࡢ⏕ᡂࠊࡀ㧗

ࠋࡓࡗ࡞࡜㘽࡞㔜せࡢ࡛ୖࡿᚓࢆᐃ⢭ᗘ ࠸

ග࣑ࣜἼ࿘ἼᩘᤲᘬࡢᏳᐃᛶࠊࡣᅗ ࿘Ἴࡢ1

ᩘྍኚ࣮ࣞࡢࢨ࿘ἼᩘᤲᘬࡢᏳᐃᛶࡗࡼ࡟

࡚Ỵࠋࡿࡲᡃࡢࢨ࣮ࣞࠊࡣࠎ࿘Ἴᩘࢆኚ໬ࡉ

ࡑࠊ࡜ࡿࡏࡉኚ໬࡟ᛴ⃭ࢆไᚚಙྕࠊ㝿ࡿࡏ

ࠊࡋኚືࡃࡁ኱ࡀⓎ᣺࿘Ἴᩘࡢࢨ࣮ࣞࠊ㛫▐ࡢ

࡜ࡇࡿࡀ࡞ࡘ࡟ຎ໬ࡢᐃ⢭ᗘ ࡀ࡜ࡇࡢࡑ

ࢫᘬᤲࡢⓎ᣺࿘Ἴᩘࠊ࡛ࡇࡑࠋࡓࡋࡔ࠸ぢࢆ

⁥ࢆ࠼᭰ࡾษࡢ࿘Ἴᩘࠊࡘࡘࡋᣢ⥔ࢆࣉࢵࢸ

⏝㐺࡟ ィࠊࡋ᱌⪄ࢆไᚚᡭἲ࠺࡞⾜࡟࠿ࡽ

ࡍ⏝㐺ࢆไᚚᡭἲࡓࡋ᱌⪄ࠊᯝ⤖ࡢࡑࠋࡓࡋ

⢭ࡋ㏉⧞ࠊࡋ᱆ྥୖ୍ࡀᐃ⢭ᗘ ࠊ࡛࡜ࡇࡿ

ᗘ 2x10-4ࢆ㐩ᡂࠋࡓࡋᅗ㸳7ࠊ࡟࠺ࡼࡢmm ࡢ

 ᐃ㊥㞳࡟ᑐ1ࡋµm௨ෆࡢ෌⌧ᛶࢆ㐩ᡂ࡚ࡋ

ࡿࡍ៖⪄ࢆࡂࡽᦂࡢᐇ㦂⎔ቃ࡛ࡣࢀࡇࠊࡾ࠾

ኚࠊ࡟᭦ࠋ㸦ᅗ㸳㸧ࡿ࠶್࡛࡞Ⰻዲ࡟㠀ᖖ࡜

఩ ᐃࠊࡶ࡚࠸࠾࡟⥺ᙧ࡞≉ᛶࡀ☜ㄆࠊࢀࡉ
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ᅗࠊ࡚࠸⥆ 7 ㊥㞳ኚࡿࡼ࡟஧ගᏊ྾཰ࠊ࡟

఩ィ ࢆ㠀ᖖ࡟㛗㊥㞳ࡢගࣂ࢖࢓ࣇ཯ᑕⅬ
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 10ࠊࡾࡼ࡟࡜ࡇࡓࡋᑟධࢆ⾡Ἴᢏ᳨ࣥ࢖ࢡࢵ

km ࡧࡼ࠾ 30km 㐲᪉ࡢ཯ᑕⅬࡀ᫂░࡟ほ ࡉ
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