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ɝȯɨɐᲈɴʀȾʀǺȗȚȴɱɁԑ⤴ȇǽ

൮ẫǹ⮥ӟɴɻɂǷླྀࡋӟકả੿ǽബ༔
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Fabrication of micro-lense and grating devices inside glasses
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㑭. Ǿ ǧ Ȑ Ǻ

1996 ౫Ǻ༕ƼǛɝȯɨɐᲈɴʀȾʀǺȗȚ

ȴɱɁԑ⤴ȇǽӟଣᗢ➇ǽሤǜ⡛Ȏȡ֊Ȑǵअ

ǦǮ᧸֐Ǧǵͨቻ1)⾻ɝȯɨɐᲈɴʀȾʀȡܝ

⢖ᅽቦᄦǽԑ⤴ტ✤⾷୓ླྀ᤹ংك⾸ǷӟɏɘȬ

Ɂȇǽඅ᧸ǽᮾ᳣Ǜ࡛۬ǽᮾ᳣ȸɳʀɟǺȗǲ

ǵ⢳ȐȘțǵǜǵǓȚƹόǗǿ⡨౫ǶǾǢǽӟ

ଣᗢ➇ǽബ༔ཪ⒈ȡ֐᧸Ǧǵ MIT ǽ Ninoshi-

ma ȘǛӟȳɟɱǽബ༔Ǻ༔עǦ⾻ǬǽΌၡᣀ

මᵱȡ᯺◜ǦǵǓȚǹǸ⾻ˌᨕ۬ཀǶǤȍǥȍ

ǹඅ᧸⓯ݨǷǦǵ⫳᫘Ǥț਀ȐǵǓȚƹ

ɝȯɨɐᲈɴʀȾʀǾǬǽəɳɁౙǽ᮲Ǥჩ

ǺⰞ౐ǺগǜǹɜʀȷəɷʀȡሱǦ⾻ɴɻɂǶ

⮥ӟǨȚǢǷǶ૓ᆂǺᄋ᫜ TW/cm2 ǽⶲǓഁ

ಏǽӟȡൡȚǢǷǛ۝⃆ǶǑȚƹȍǮπ᧸ǦǮ

ᗢ⫧ǛȴɱɁǹǸǽ⢖ᅽቦᄦǺہ܋ǛǹǓٚࣕ

Ƕȑ⮥ӟǺȗǲǵ TW ẝǽഁמǹ⯍ईǛ᫘᧯

Ǧ⾻ӟǷȴɱɁǽⰞἠബᭀ̞ΰ᧸Ǻȗș⮥ӟ᠊

ǽȎ⣹ཾ᫢Ǻএӟ੿⣏ᲦǺȗȚტ✤Ǜ⒅ǗȚƹ

ʶόǷǦǵɴʀȾʀǛᡄଙǤțǮǷǢȜǺ

10⾼2」10⾼3 Ღಏǽ୓ླྀ᤹ংكȡ◧❙Ƕǜ⾻ȴ

ɱɁԑ⤴Ǻ 3 ᓎә᫢Ǻӟଣᗢ➇ǽബ༔Ǜ۝⃆

ǷǹȚƹǢǽཪ⒈Ǜ᯺ᴗǤțțǿ൝ቻǽɲɅȸ

ɱɝȫʀɟɵɃɁཪ⒈ǺȗȚӟଣᗢ➇ǽΰ⓯Ǻ

ᕉȈ⾻গౙǹȻɁɐ֪᚛ȓӟࡋ➇ǽ⮥᳒كǛሿ

ȐȚƹ

ӟકླྀࡋ༕ƼǾӟɏɘȬɁǽʶǳǶǑȚࡋ͑

ả੿ȡ⾻ɝȯɨɐᲈɴʀȾʀǺȗȚӟ◧❙୓ླྀ

᤹ংكȡ֐᧸ǦǵȴɱɁԑ⤴Ǻᬼယബ༔ǨȚ▿

Ȏȡ⒅ǲǮƹቊᄙǶǾ 2 ǳǽླྀࡋӟકả੿

⾷Dammann ȸɴʀɎȫɻȸǷɘȬɒɲʀɴࢪ

ɻɂ⾸ǺǳǓǵẴ͒ǨȚƹ

㑮. ӟકả੿ǽሤǜ⡛Ȏᅀᗕླྀࡋ

ʶⅺǺླྀࡋӟકả੿Ǿࡖ㑭(a)ǺᰳǨȗǕǹ

ɟɵɃɁཪ⒈ȡ᧸Ǔǵΰ⓯ǤțȚƹɟɵɃɁǾ

ᭀ̞Ǻ᣻ᴗǦ⾻এǞǽɟɵɃɁȡểǹǠțǿǹ

ȘǹǓƹʶᅀɝȯɨɐᲈɴʀȾʀǺȗȚӟ◧❙
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㑭ࡖ (ӟકả੿ǽΰ⓯ᗕ⾷aླྀࡋ ൝ቻǽɟɵɃɁ

ཪ⒈⾷b) ɝȯɨɐᲈɴʀȾʀǺȗȚᬼယဵᨋ

㑮ࡖ ӟ◧❙ᐦ⢧ሤǜ⡛ȎȿɁɎɨ
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୓ླྀ᤹ংكȡ֐᧸Ǩțǿ⓹⮰ǹɟɵɃɁȡểȚ

ǢǷǹǞᬼယླྀࡋӟકả੿ȡബ༔ǨȚǢǷǛ۝

⃆ǶǑȚ⾷ࡖ㑭(b)⾸ƹȍǮȴɱɁԑ⤴Ǻ᳧⫻⣹

ཾ᫢Ǻബ༔ǨȚǢǷǛǶǜȚǮȐ⾻͙ǽӟ◧❙

ᐦ⢧Ƿǽẻ۰Ǫȡ⒅ǕǢǷǺȗȚ⓹۰ࢪǽӟᑿ

⃆ả੿ȇǽ᫘ୠȑ⅟ܬ Ǔƹ

㑮ǺᰳǨɴʀࡖӟકả੿ǽሤǜ⡛ȎǾླྀࡋ

ȾʀȿɁɎɨǷӟકṾȡ᧸ǓǮƹሤǜ⡛Ȏӟᛠ

ǺǾɪʀɑɵɋȷ Ti: Al2O3 ɴʀȾʀȡԙ᧯ऻ

ౙǦǮᗢ⫧テ800 nm⾻əɳɁౙテ150 fs⾻ᾎ⡫

Ǧテ200 kHz ǽɝȯɨɐᲈɴʀȾʀȡπ᧸Ǧ

ǮƹɴʀȾʀǾ OPA(Optical Parametric Am-

pliˆer) Ǻȗșᗢ⫧۝ংǛ۝⃆ǶǑȚǛ⾻ᗢ⫧

ǾএǞǽȴɱɁǺǙǓǵࡘሱہ܋ǛઇࢀǦǹǓ

⡨❆ঋࣕ⾷800 nm⾸Ǻ▚઻ǦǮƹɴʀȾʀ⮥

ӟڽȂᡄଙǽ࣠ቊɮɓɋɐǾӟકⲩ൮⪣ǚȘ༔

ș⾻ɴʀȾʀəɳɁǽ⮥ӟǺǾଓᢼɴɻɂȡπ

᧸ǦǮƹɴʀȾʀǽ౪ࢍլמǾ ND ɝȫɳ

ɇʀǺȗș֝൧ǦǮƹȍǮ XYZ ɁɎʀɀǷ⯍

ᰁȿɫɋɇʀǾȻɻɜɭʀɇǶ֝൧ǤțǵǙș⾻

XYZ ɁɎʀɀǽؔǜǷ۴ቃȡǷǲǵ⯍ᰁ

ȿɫɋɇʀǽ⫳⫱ȡ⒅ǕǢǷǺȗșሤǜ⡛Ȏǽ

ON/OFF ȡ֝൧ǦǮƹXYZ ɁɎʀɀˀǺȴɱ

ɁȽɻɟɳȡ▚ΈǦ⾻ɴʀȾʀǽӟ⟸ǺଓǦǵ

ǺᲡؔǤǪȚǢǷǺȗșᐯƼǹӟ◧❙୓ླྀᬼࢦ

᤹əɇʀɻǚȘ༔Țླྀࡋӟકả੿ȡȴɱɁԑ⤴

Ǻሤǜ⡛Ȣǯƹ

㑯. Dammann ȸɴʀɎȫɻȸࢪ

ӟકả੿ǺǾᗢ⫧⣹ཾ⾻і۹⾻⮥ӟǹǸླྀࡋ
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㑯ࡖ Dammann ⾸⾽ȸɴʀɎȫɻȸǽᐦ⢧ό⾷᫛Ƿ⼽ǽ⤴ոǶ୓ླྀ᤹ǛᨵǹȚࢪ
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ᐯƼǹᑿ⃆ǛǑȚǛ⾻Dammann ȸɴʀɎȫࢪ

ɻȸǾո୷ᑿ⃆ȡሱǨȚླྀࡋӟકả੿ǶǑȚƹ

ԃΧ᫢ǺǾ▚╹Ǻȗșͷ๟ǽ njm Хǽᵱഁಏ

ǽո୷ӟȡ᧯༔ǨȚǢǷǛǶǜȚƹả੿ǽᐦ⢧

Ǿ⓹⮰ǹ୓ླྀ᤹ոళȡሱǨȚƹʶόǷǦǵ 15

j15 ǽ Dammann 㑯ǺࡖȸɴʀɎȫɻȸȡࢪ

ᰳǨƹǢǽ୓ླྀ᤹əɇʀɻǾླྀࡋҚǛ⢖⣏⬄ᄋ

ǽɝʀɲȰং၁ǷǦǵ˄ǗȘțȚǢǷȡ᧸Ǔǵ

ո୷ӟǛᵱഁಏǺǹȚቷͲǷ᤹׼ླྀࡋǛሬগǺ

ǹȚቷͲǚȘᄋо╹ᶟǺȗșᕷȐȚǢǷǛǶǜ

Ț2)ƹ

Dammann కףȸɴʀɎȫɻȸǾɴʀȾʀࢪ

ǽك᤹׼ȓɛʀɨ༔ബǹǸǶી᧸كǤțǵǓ

ȚƹȍǮɴɻɂǷẻȎ۰ȞǪȚǢǷǶ 1jn ӟ

ɝȩȬɘʀȳɟɱȇǽඅ᧸3)ȓӟȻɻɜɭʀɇ

ȿɁɎɨǽɝȩɻȪȮɐǷǦǵȑቃ൏ǤțǵǓ

Ț4)ƹ

㑯.㑭 ΰ⓯

֭⡻ǽȗǕǺ Dammann ȸɴʀɎȫɻȸࢪ

Ǿ⓹ᄋǽগǜǤǽᨵǹȚᮮബബᣞǽ୓ླྀ᤹ə

ɇʀɻǚȘ༔ǲǵǓȚƹɝȯɨɐᲈɴʀȾʀǽ

ӟ◧❙୓ླྀ᤹ংكȡ᧸ǓȚई۰⾻ǢǽȗǕǹᮮ

ബəɇʀɻȡɦɁȷǺȗșʶྯ⟵ԥǨȚᅀᗕȑ

‬ǗȘțȚǛ⾻əɷʀ૛ಏǽ΢ˁȡ‬ອǨȚǷ

ʶྯ⟵ԥǾቈǯ૓ᆂǶǾǹǓƹǬǢǶ༕ƼǾẫ

ἠᣞǽ୓ླྀ᤹ংكɱȬɻȡଦǦǩǳǩȘǦǹǛ

Șሤǜ⡛ȏǢǷǺȗșᮮബəɇʀɻȡബ༔ǦǮ

㑰⾸ƹ▿ᄦǷǦǵǾ۰༔᮸⇠ȴɱɁࡖ⾷ 30j30

j2 tmm ȡ᧸Ǔ⾻Ǭǽԑ⤴ Ǥẇ 1 mm ǽई

ཀǺগǜǤ 1j1 mm ǽ 6j6 ǽ Dammann ࢪ

ȸɴʀɎȫɻȸȡബ༔ǦǮƹሤǜ⡛ȎቷͲǷǦ

ǵǾɴʀȾʀ౪ࢍլמ 300 mW⾻❒ዶ⢦ಏ 60

mm/s⾻ଓᢼɴɻɂǾ 20j(NA⿌0.40)ȡ᧸Ǔ

Ǯƹ

㑯.㑮 △Ϣ

ᗢ⫧ 633 nm ǽ He-Ne ɴʀȾʀȡӱଙǤǪ

Ǯ⭾ǽླྀࡋҚȡࡖ㑱ǺᰳǨƹǜțǓǹ 6j6 ǽ

əɇʀɻǛൡȘțǵǙș⾻(A)Ƿ(B)ɱȬɻǽ

ഁಏոళȑࢍʶǶǑȚƹDammann ȸɴʀࢪ

Ɏȫɻȸǽ△ϢǾ᤹׼ླྀࡋǷɛʀɨࢍʶමǺ

ȗǲǵ⒅ȞțȚƹ᤹׼ླྀࡋǽ઻ῲǾ⾷ᵱո୷ӟ

ഁಏǽἕ݅)/(ӱଙӟഁಏ⾸⾻ࢍʶමǽ઻ῲǾ

⾷ո୷ӟഁಏǽሬগоǷሬତоǽఞ)/(ո୷ӟഁ

ಏǽሬগоǷሬତоǽ݅⾸ǶǑȚƹǦǮǛǲǵ

ʶමǺ⬄ǦǵǾǬǽоǛତǤǓȊǸո୷ɛʀࢍ

ɨǛࢍʶǶǑȚǷǓǗȚƹ
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㑰ࡖ 6j6 ǽ Dammann ȸɴʀɎȫɻȸǽӟકⲩ൮⪣ԥ᭙ࢪ ʶܦቃǛ 250 mm⾽

35

NEW GLASS Vol. 17 No. 1 2002

ΰ⓯ǦǮࡋ͑ 6j6 ǽ Dammann ȸɴʀࢪ

ɎȫɻȸǺǳǓǵᚬ઻ȡ⒅ǲǮệእ⾻᤹׼ླྀࡋ

Ǜ 7.7㎪⾻ࢍʶමǛ 29㎪ǶǑǲǮƹ᤹׼ླྀࡋǺ

ǳǓǵǾᥴ☟оǛ 71㎪ǶǑș⾻ࢍʶමǺ⬄Ǧ

ǵǾɟɵɃɁཪ⒈Ǻȗșΰ⓯ǤțǮȑǽǶẇ

12㎪ǷǓǕअܝǛǑȚǽǶම⃆᫢ǺǾȍǯტ

ǽ۹ˀǺǳǓ᤹׼ླྀࡋǛǑȚƹ༕ƼǾࢄǽέ޿

ǵᎰ╿ȡ⒅Ǔ⾻এ୧Ǻሤǜ⡛ȏᄽǮǹཆᗕȡ⫳

᫘Ǧ⾻᤹׼ȡᥴ☟оǺ⡨ǴǠȚǢǷǺ༔עǦǮ

Ǜ⾻͑ࡋǾ◛Ⱒǽ⤹۰ˀׂ๧ǤǪǵǓǮǯǞƹ

㑰. ɘȬɒɲʀɴɻɂ

ӟકả੿ǽ˛Ƕ⮥ӟᑿ⃆ȡሱǨȚả੿Ǻླྀࡋ

ǾɘȬɒɲʀɴɻɂǛǑȚ5)ƹɘȬɒɲʀɴɻ

ɂǷǾɝɴɕɳɴɻɂȡ⭵ᔲᣞǺ⡨ΚǦǮ୓ླྀ

᤹ոళȡȑǳɴɻɂǶ⾻⢡౐ǽ୓ླྀࢪɴɻɂǷ

۴ᐯǽᑿ⃆ȡ྾ǳƹᣀ൰ǷǦǵǾତكࢪɿ⌻ࢪ

ǛǑș⾻ӟ⢡Јո᠊֐Ǜ૓ᆂǺ⒅ǗȚǷǓǕك

⦕ǶǾӟɝȩȬɘʀȻɲɩʀɐ᧸ɴɻɂȓӟȬ

ɻɇʀȻɕȷȿɯɻǷǦǵǽඅ᧸6)ǹǸǛᎰ╿

ǤțǵǓȚƹʶᅀ⾻⮥ӟǺླྀࡋᥰ⛅ȡ֐᧸Ǧǵ

ǓȚǮȐ⾻୓ླྀࢪɴɻɂǷǾᨵǹȚᣀමȡ྾

ǳƹǨǹȞǰ⾻ⰞᥱⰢමǺȗȚہఞⓝᓺ׼እ⾻

ҚⰢᛗሞǛǹǓ⾻ᠫ᠊❹⮼ǽᗢ⫧ϞઇමǛগǜ

ǓǹǸǶǑȚƹǢǽȗǕǹɘȬɒɲʀɴɻɂǽ

ᣀමȡǕȍǞ᧯ǚǦ⾻CD/DVD ̞၁ӟɜɋȷ

Ȫɋɟȓ 2 ᠫ᠊ȻɻɇȷɐɴɻɂǹǸᐯƼǹ

ո⦕Ƕඅ᧸ǤțǵǓȚ7)ƹ

㑰.㑭 ΰ⓯

ɘȬɒɲʀɴɻɂǾ٪ൎǽᨵǹȚ⠛ేǛ۴ൺ

ԒᣞǺ౺ǛȚᐦ⢧ȡǦǵǙș⾻Ǣǽ⠛ేȡɝȯ

ɨɐᲈɴʀȾʀǽӟ◧❙୓ླྀ᤹ংكǺȗșബ༔

ǨȚർ┶ǛǑȚƹȓǾșǢǽई۰Ǻȑ⠛ేǽ୓

ླྀ᤹ংكⲏࣕȡʶྯǦǵബ༔ǨȚǢǷǾǶǜǹ

ǓǽǶ⾻ẫἠᣞǽ୓ླྀ᤹ংكɲɻȸȡଦǦǩǳ

ǩȘǦǹǛȘ⠛ేǽ୓ླྀ᤹ংكⲏࣕȡബ༔Ǧǵ

ǓǲǮ⾷ࡖ㑲⾸ƹ▿ᄦǷǦǵǾ۰༔᮸⇠ȴɱɁ

10j10j2 tmm ȡ᧸Ǔ⾻Ǭǽԑ⤴ Ǥẇ 1 mm

ǽईཀǺগǜǤẇ 400 mmq ǽɘȬɒɲʀɴɻ

ɂȡബ༔ǦǮƹሤǜ⡛ȎቷͲǷǦǵǾɴʀȾʀ

౪ࢍլמ 250 mW⾻❒ዶ⢦ಏ 25 mm/s⾻ଓᢼɴ

ɻɂǾ 10j(NA⿌0.30⾸ȡ᧸ǓǮƹ

㑰.㑮 △Ϣ

ΰ⓯ǦǮɘȬɒɲʀɴɻɂǽ▚╹оǾᗢ⫧

633 nm ǺଓǦ⾻ᠫ᠊❹⮼Ǜ 4.9 mm Ƕ NA Ǜ

0.04 ǶǑȚƹી⭾ǽ⮥ӟǽᐯ੿ȡࡖ㑳Ǻᰳ

ǨƹɱȬɻˀǽ⠔ಏոళǾǜțǓǹȴȮȿȪɻ
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㑱ࡖ 6j6 ǽླྀࡋҚڽȂഁಏոళ
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ոళǺǹǲǵǓȚƹ⮥ӟɁɥɋɐൎȡᚬ઻ǦǮ

ǷǢȜ 11 mm ǶǑș⾻ᥴ☟оǛ 9.4 mm ǶǑȚ

ǢǷȡ‬ǗȚǷླྀࡋ⭈ᨕǽ⡨ǞȍǶ⮥ӟǛ⒅Ȟ

țǮǢǷǛոǚȚƹ
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㑲ࡖ ɘȬɒɲʀɴɻɂǽӟકⲩ൮⪣ԥ᭙

㑳ࡖ ɘȬɒɲʀɴɻɂǺȗȚ⮥ӟɁɥɋɐҚ
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㑱. Ǚ Ȟ ș Ǻ

ɝȯɨɐᲈɴʀȾʀǺȗȚӟ◧❙୓ླྀ᤹ংك

ȡ֐᧸ǦǮླྀࡋӟકả੿ǽΰ⓯ǺǳǓǵẴ͒Ǧ

Ǯƹླྀࡋӟકả੿ǾʶⅺǺ٪ଣΧ⓯⢧ⓓΈȡ᧸

ǓǵⰞ౐Ǻ⓹⮰ǹɟɵɃɁȡểǵΰ⓯ǤțȚƹ

ǬǽǮȐӋțǮᑿ⃆Ƿ۝⃆මȡ᲎ȐȚླྀࡋӟક

ả੿ǽᇃڽǺǳǓǵǾȍǯȽɟɱȬɬʀᦹऴǛ

༔ᡛǦǵǓǹǓǽǛᥰᣞǶǑȚƹ͑ࡋẴ͒ǦǮ

ཆᗕǾ൮ତǹླྀࡋӟકả੿ȡ⓹⮰ǹɟɵɃɁȡ
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ểȚǢǷǹǞ⾻ٸʶɟɵɃɁǶബ༔ǨȚǢǷǛ

ǶǜȚɮɓʀȷǹཆᗕǷǦǵቃ൏ǤțȚƹȍǮ

ɝȯɨɐᲈɴʀȾʀǽᣀ൰ǶǑȚ 3 ᓎәᴗΧ

ဵᨋȡ᧸ǓțǿʶǳǽȴɱɁǽ˛ǺᐯƼǹᑿ⃆

මả੿ȡሤǜ⡛ȏǢǷǶᄽǮǹӟ⮥᳒ɏɘȬɁ

ȓӟɝȩȬɘʀȡബ༔ǶǜȚǷቃ൏ǤțȚƹ

NEDO ɒɖɎȷɖɵɀʀɿቦᄦɟɵȸɱɨǽ

ɒɖȴɱɁɟɵɀȯȷɐǶǢǽཪ⒈ȡǤȘǺ⢳

Ȑǵી⭾ǽ⓯ݨǺǹȚȗǕ⫳᫘Ǻ۹Ǡǵۄșẻ

ȢǶⱹǞǢǷȡసሿǦǮǓƹ
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