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DWDM

ᅠቊ᭙᳧ӟક㎥ጋ

Optical thin ˆlm applied to DWDM system

Yasufumi Kanki
Research and Development Department, Optical Coatings Japan

㑭. ਀ Ȑ Ǻ

ӟક⌻ℋɝȫɳɇʀǾ⾻ɘɻɑɿəɁɿɝȫ

ɳɇʀ⾷BPF: Band Pass Filter⾸ǷǦǵᗢ⫧এ

⦔ոׂ⾷DWDM: Dense Wavelength Division

Multiplexing⾸Ό⢌᧸Ǻ౺Ǟπ᧸ǤțǵǓȚƹ

ȍǮ⾻ɝȩȬɘʀΌ⢌ǽⶲ૛ಏكǺΒǓ⾻

BPF ȡ਀ȐǷǦǵᐯƼǹոӟᣀමȡ྾ǳӟક

ɝȫɳɇʀǛ⓯كݨǤț⾻ǤȘǹȚⶲම⃆ɿⶲ

ЈⲠමȡሱǨȚɝȫɳɇʀǛᕷȐȘțǵቻǵǓ

Țƹቊ᳄ǶǾ⾻۬Ჷ DWDM ɝȫɳɇʀǽ⓯

Ȑ⾻ǢțȘȡીᥰǨȚǮȐǽ܅ɿ᧸⢛Ẵ͒ȡݨ

▚╹ཪ⒈ɿ༔ℋཪ⒈Ƿ͑ൖǽ☁ⲤǺǳǓǵ⡻Ȉ

Țƹ

㑮. DWDM Ǻπ᧸ǤțȚӟક⌻ℋɝȫɳ

ɇʀǽ᏶┶

ӟ⢡ЈǶǾ⾻ᅝઇǽɝȩȬɘʀỿȡ֐᧸ǦǮ

ᗢ⫧এ⦔ոׂΌ⢌⾷DWDM⾸Ǜી᧸Ⱒ⾻ȻɁ

ɐⰢ⾻ᇃڽǽ⢦Ǥǽ᠊Ƕဖ᧸ǤțǵǓȚƹ

ࡖ 1 Ǻ C 〔 L ɘɻɑȡπ᧸ǦǮ࣠ቊ᫢ǹ

DWDM ȿɁɎɨࡖȡᰳǨƹDWDM Ό⢌Ṿ

Ǿ⾻ᨵǹȚ⓹ᄋǽᗢ⫧ǽ LD Јۥӟȡ C ɘɻ

ɑɿL ɘɻɑ֌ƼǺ DWDM ۰ᗢࠔǺȗș۰ᗢ

Ǧ⾻Ǭǽൖ⾻C ɘɻɑɿL ɘɻɑǽ۰ᗢࠔǺȗ

șএ⦔كǨȚƹӟɝȩȬɘʀɿǬǽ͙ӟ⢌Јࡋ

➇ǽ၏ডⓝӈǽ᠋ǺǾ⾻EDFA(Erbium Doped

Fiber Ampliˆer⾸ȡπ᧸ǨȚƹEDFA Ǻǵऻ

ౙǨȚई۰⾻C ɘɻɑǷ L ɘɻɑȡոᗢǦ

ǵ⾻ǬțǭțȡऻౙǦ⾻Ǭǽൖ۰ᗢǨȚǽǛʶ

ⅺ᫢ǶǑȚƹሬൖǺএ⦔كǤțǮЈۥȡոᗢǨ

Țƹӟક⌻ℋɝȫɳɇʀǾǢțȘȿɁɎɨǽǹ

ǚǶ⭶ཀǺπ᧸ǤțǵǓȚƹ

᣼ేࣕ BPF (NBPF: Narrow Band Pass

Filter⾸⾷ࡖ 1⾸Ǿᗢ⫧ȡոׂǦǮș۰ᗢǦǮș

ǨȚǷǜǺπ᧸ǤțȚƹࡖ 2 Ǻӟક⌻ℋȡπ

᧸ǦǮ DWDM 8 ᗢ۰༔ǷǬǽɏɘȬɁǽᣀම

ȡᰳǨƹȍǮ⾻Cࡖ ɘɻɑేࣕǷ L ɘɻɑే

ࣕǽ۰ᗢ/ոᗢȡǦ⾻ˊǳᬫ╋᧸ SV ӟȡ⬹ᓹ

ǨȚɝȫɳɇʀǷǦǵ WBPF⾷Wide Band

Pass Filter⾸⾷ࡖ 1⾸Ǜπ᧸ǤțȚƹǤȘǺ⾻

ࡖ 3 ǺǾ EDFA Ǻπ᧸ǤțȚɝȫɳɇʀȡᰳ
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㑭ࡖ C/L Band DWDM

㑮ࡖ Dense Wavelength Division Multiplexer 200 GHz 8-Channel

㑯ࡖ EDFA Ǻπ᧸ǨȚɝȫɳɇʀ
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ǦǵǓȚƹEDFA ǽ״❙ӟǷ DWDM ǽЈۥ

ӟǽ۰ᗢǺπȞțȚ PF⾷Long/Short Pass

Filter), EDFA ǽӱլמЈۥȡɪɓɇʀǨȚǮ

ȐǺπȞțȚɇɋɟ᧸ɝȫɳɇʀ⾷Beam

Splitter⾸ڽȂ⾻EDFA ǽլמӟǽ౪࢞كǺ᧸

ǓȘțȚ GFF (Gain ‰attening Filter⾸⾷ࡖ 4⾸

ᵱǛǑȚƹ

㑯. ӟક⌻ℋ▚╹ཪ⒈

DWDM Ό⢌Ǻπ᧸ǤțȚ⓹ᄋǽᲷⲲǽӟક

⌻ℋɝȫɳɇʀǽԑ⾻᣼ేࣕ BPF ȡۄșˀ

ǡ⾻Ǭǽ▚╹ཆᗕǺǳǓǵ⡻ȈȚƹ
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㑰ࡖ Gain Flattening Filter

㑱ࡖ Ӵ◧⯍Χɝȩɞɲʀɢɵʀɝȫɳɇʀǽᐦ⢧ 㑲ࡖ 1」4 cav ᕉ⟿ȿɧɭɴʀȿɯɻ

㑳ࡖ 1」4 cav ᕉ⟿ȿɧɭɴʀȿɯɻྮগ
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㑯㏏㑭 ▚╹

ࡖ 5 Ǻ BPF ǽ࣠ቊᐦ༔ȡᰳǨƹɝȩɞ

ɲʀɿɢɵʀ౩ᚐ╹ȡࡘΧ⌻ℋǶΈǜ၁ǗǮȑ

ǽǶ l/4 ǽӟક᫢ℋڣǽⶲ୓ླྀ᤹ℋǷ΢୓ླྀ

᤹ℋǚȘǹȚۀଙ⪣Ƿ⾻l/2 ᄏᄋЧǽӟક᫢ℋ

ȡȑǳɁɢʀȽʀ୧ȗș༔șᴗǲǵǓȚƹǢڣ

ǽᐦ༔Ǿ BPF ǽᐦ༔ٸΡǷǦǵȵɫɛɎȫ

⾷CAVITY⾸ǷȑܵǿțǵǓȚƹࡖ 6, 7 ǺǢǽ

ȵɫɛɎȫȡ⓹ᄋ⦔ǼǮǷǜǽ▚╹όȡᰳǨƹ

ȵɫɛɎȫȡ⦔ǼȚǢǷǺȗș⾻⢖⣏ేࣕǽౙ

ȡ౺ǡȚǢǷǛǶǜȚƹDWDM ᧸᣼ేࣕ

BPF Ǻ┶ᕷǤțȚᣀමǾ⾻ǓǕȍǶȑǹǞ⢖

⣏ేࣕǺǳǓǵǾ⢡⣏ǨȚӟǽేࣕǺଓǦ౺

Ǟ⾻⢖⣏၏ডǛଦǹǓǢǷǛർ┶ǶǑș⾻⣯ᄺ

ǨȈǜᗢ⫧ǺଓǦǵǾ١ոǹ᚛⒝⦖Ǜ┶ᕷǤț

ȚƹǬǽǮȐ⾻4 ȵɫɛɎȫǤȘǺǾ 5 ȵɫɛ

ɎȫǽᣀමǛർ┶ǷǹȚई۰ǛǑȚƹ

Ό⢌⦖ǽⶲ૛ಏكǽǮȐǺǾ⾻ɝȩȬɘʀԑ

ȡ⢡⣏ǨȚ⓹ᄋǽ⮆ș۰Ǖӟǽᗢ⫧ȡ⡨ယكǨ

ȚǛ⾻ǢǽǢǷǾ BPF ǽ⢖⣏ేࣕȡ᣼ȐȚǢ

ǷǺǹȚƹ⮆ယǨȚӟǽܦᗢᄋఞǶ⒙ᥰǨȚ

100 GHz ᵱǛǬțǺଓඅǦ⾻ᗢ⫧Ǻ၁ᶟǨȚ

Ƿẇ 0.8 nm ⫻⭷ǺǹȚƹǬǽǮȐ⾻ȷɵɁ

Ȳʀɘʀȡ⤀ǠȚǮȐǺոӟᗢബǽබ஧ǹᴗǰ

ˀșǛർ┶ǷǹȚƹ
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㑴ࡖ 100 GHz 4 cav ◳ఞ╹ᶟ⾷0.01㎪⾸

㑵ࡖ 4-Cavity 100 GHz Filter
͘ᐯテBW0.5 dB⿍0.37 nm, 25 dB⿋1.2 nm
ીᚬоテBW0.5 dB⿌0.42 nm, BW25 dB⿌1.03 nm
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㑯㏏㑮 ◳ఞ╹ᶟ

100 GHz ᧸ BPF ǶǾ୧ᄋǛ 150 ୧ͨˀǺǹ

ș⾻͘ᐯǽոӟᣀමȡൡȚǮȐǺǾ۬୧Ƕǽⶲ

ǓℋڣṐಏǛ┶ᕷǤțȚƹࡖ 8 Ǻ 100 GHz ᧸

BPF ǽ▚╹Ǻℋڣ◳ఞȡףǗǮǷǜǽ╹ᶟо

ȡᰳǨƹচǓીἠǶᰳǤțȚ◳ఞȡ܅ȍǹǓ▚

╹ǺଓǦ⾻◳ఞȡ܅ȏǷẫǓીἠǺ࿈ȍțǮⲏ

ࣕԑǺᣀමǛլᥰǨȚƹǢǽ╹ᶟǾ◳ఞȡ 1/

10,000 ǷǦǮǷǜǶ⾻ẫǓીἠǽⲏࣕǶǾ͘

ᐯȡᛙ❣Ƕǜǩ⾻ڴ૛ǺǾ 3/100,000 ͨˁǽ

◳ఞǺཱǗȚർ┶ǛǑȚƹ

㑯㏏㑯 ીᚬệእݨ⓯

⋛᭭ǺȗșൡȘțǮ⓯ݨǽીᚬоȡࡖ 9 Ǻ

ᰳǦǵǓȚǛ⾻͘ᐯȡᛙ❣ǨȚᣀමȡൡǵǓ

Țƹଯ⾻⾼40 dB ͨˁǽɖȬɂǾᚬ઻ࠔǺȗȚ

ȑǽǶǑȚƹ

㑰. DWDM ᧸ɝȫɳɇʀǺ┶ᕷǤțȚℋ

✤

DWDM ᧸ӟક⌻ℋɝȫɳɇʀǺᕷȐȘțȚ

ӟક⾻ᢼᥴɿഁಏǺ⬄ǨȚℋ✤ᣀමǺǳǓǵ⡻

ȈȚƹ

㑰㏏㑭 ӟકᣀම

4㏏1㏏1 ᗢ⫧ȿɝɐ

ӟકᣀමǽય઻මǷǾᚩಏȓᛘಏǽংكǺଓ

Ǧǵˀ⡻ǦǮ۬ɝȫɳɇʀǽոӟᣀමǛংك

⾷ᗢ⫧ȿɝɐ⾸ǦǹǓǢǷǶǑȚƹٸẗǹ᭙᳧

⋛᭭ǶൡȘțȚӟક⌻ℋɝȫɳɇʀǽᄺⰢᐦ⢧

Ǿࡖ 10 ǽȗǕǹዱᣞᐦ⢧ȡ྾ǲǵǙș⾻Ǭǽ

ᐦ⢧ǽ⭼⫻Ǻগᕧ˛ǽᕮոǛլӱșǨȚǢǷǶ

ӟકᣀමǛࡖ 11 ǽȗǕǺংكǦǵǦȍǕƹǢ

ǽᥰ⛅Ǿ⫧ቃ⫻ǽ‵˳මȡᕷȐȘțȚⶲṐಏǹ

ӟક⌻ℋɝȫɳɇʀǺǾ⅐ܶ҈ǷǹȚǮȐ⾻ȍ

ǩᵥʶǺ╫ᖑǦǹǠțǿǹȘǹǓ̗ⱼǶǑȚƹ

Ǣțȡ╫ᖑǨȚǮȐǺǾଦǹǞǷȑɝȫɳɇʀ

ǽᄺⰢᐦ⢧ȡࡖ 12 ǽȗǕǹዱᣞᐦ⢧ǽǹǓⶲ

૛ಏǹℋᐦ⢧ǺǨȚർ┶ǛǑȚƹൖ⡻ǨȚ۬Ჷ
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㑭㑬ࡖ ӟકɝȫɳɇʀǽᄺ୧ᐦ⢧Ƿᗢ⫧ȿɝɐ(1⾸

㑭㑭ࡖ ӟકɝȫɳɇʀǽᄺ୧ᐦ⢧Ƿᗢ⫧ȿɝɐ(1⾸

㑭㑮ࡖ ӟકɝȫɳɇʀǽᄺ୧ᐦ⢧Ƿᗢ⫧ȿɝɐ(2⾸

㑭㑯ࡖ ӟકɝȫɳɇʀǽᄺ୧ᐦ⢧Ƿᗢ⫧ȿɝɐ(2⾸

㑭㑰ࡖ ϭᄋǷ⢖⣏၏ডǽ⬄ϭہ܋

7
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༔ℋཪ⒈ȡ⣹ཾǨȚǢǷǶɝȫɳɇʀǽոӟᣀ

මǾࡖ 13 ǽȗǕǺᚩಏɿᛘಏǽংكǺଓǦǵ

ય઻كǤǪȚǢǷǛǶǜȚƹ

4㏏1㏏2 ⢖⣏၏ড

DWDM ᧸ǽӟક⌻ℋɝȫɳɇʀǾ⾻ᢼᥴℋ

Ǜڣ 30 mm Ǻȑ⣕ǨȚȑǽǛǑȚƹǬǽǮȐ

᳒୧ǨȚ୧ᄋǛऻǗȚǷ۬୧ǽ൮ତǹہ܋Ƕ

ȑ⾻ሬẹ᫢ǹӟક⌻ℋɝȫɳɇʀǽ⢖⣏၏ডȡ

ऻগǤǪȚǮȐ⾻۬୧ᕃǽہ܋ϭᄋȡᏩཱמǗ

Țർ┶ǛǑȚƹӟક⌻ℋɝȫɳɇʀǺǾⶲɿ΢

୓ླྀ᤹ᢼ✤ǷǦǵ⾻˩Ǻ̠⥫كɇɻɇɳǷ̘⥫

ࡖᥡảǛπ᧸ǤțȚƹك 14 Ǿ DWDM ᧸Ǻπ

᧸ǤțȚ 4 ȵɫɛɎȫǽ᣼ే 200 GHz ᧸ BPF
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㑭㑱ࡖ ͦ⒙᫢ǹɖɏɭʀɳ

㑭㑲ࡖ ɁɢʀȽʀ୧ԑǺബ༔ǤțǮᓍ⭓

㑭㑳ࡖ ࣠ኑ⒙ⰢǚȘ᫘᧯ǦǮɖɏɭʀɳ

㑭㑴ࡖ ⢖⣏၏ডǷɖɏɭʀɳᄋ

8
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ǽہ܋ϭᄋǷ⢖⣏၏ডǽ⬄ϭȡᰳǨƹǢțȘ

BPF Ǻ┶ᕷǤțȚ⢖⣏၏ডǾ⢡౐ 0.5 dB ͨˁ

Ǿർ┶ǶǑȚǢǷȗș⾻ቊ┶ᕷȡ١ոᛙǮǨǮ

ȐǺǾہ܋ϭᄋǾ 1.0E㏏6 Ǜർ┶ǺǹȚƹ

ǤȘǺ⾻ɝȫɳɇʀǽ⢖⣏၏ডǺ഻ⱶȡ˄Ǘ

ȚȑǽǷǦǵ nodule1) ǛǑȚƹগǜǤǾᬼൎ

ǺǦǵᄋ mm ǚȘᄋ١ mm Ƕɝȫɳɇʀ⒙ⰢǺ

⁺᭩Ƕ╞૴ǤțȚई۰ǛǑȚƹ࣠ኑ༔ℋⰢȇǽ

⋛᫘ᛠǚȘǽᬼယ᫢ǹⳎቻᢼȓ⾻ⓓΈԑǽȻɻ

ɇɧᵱǽ͛᭭Ǻȗș⾻ሬ֊Ǿ mm ͨˁǽ nod-

ule Ǜ᳒୧ǨȚǺǳțǵগǜǞ༔⫧ǨȚƹࡖ 15

Ǿ⋛᫘ᛠǚȘⳎቻǦǵǜǮ nodule ǽˀǺℋǛ

᳒୧ǤțǮȑǽǶǜțǓǹᛗሞǦǮ⒙ⰢǛ╞૴

ǤțǮș⾻ࡖ 16 Ǿᄺ୧ᐦ⢧Ǿ྾Ǯǩܦșȡᯊ

फ़ǦǹǛȘఓǽȗǕǺগǜǞ༔⫧ǦǮȑǽȑ╞

૴ǤțȚƹࡖ 17 Ǿ nodule Ǜ࣠ኑ⒙ⰢǚȘ༔

⫧ǦǵǙș࣠ኑ⒙ⰢǽᚌᘖಏǺȑᗨ๟ǨȚർ┶

ǛǑȚƹǓǩțǽई۰ȑɝȫɳɇʀԑ⤴ȓ⒙Ⱒ

ǺǢǽȗǕǹȑǽǛઇࢀǨțǿ⢖⣏ӟǾ⣯Șț

Ǯș⾻ᄃ̇ǤǪȘțǮșǦǵ၏ডǽࡍڤǷǹ
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㑭㑵ࡖ չᄺףకǺȗȚඅמংك

㑮㑬ࡖ ࣠ኑቦᄦǺȗȚᗢ⫧ɑɲɝɐ

9
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Țƹࡖ 18 ǽȸɱɝǾ nodule ǽᄋǛ⢖⣏၏ড

Ǻ഻ⱶȡ˄ǗǵǓȚǢǷȡᰳǦǵǓȚƹ

㑰㏏㑮 ᢼᥴɿᑿ፦ᣀම

4㏏2㏏1 ℋඅמ

༔ℋൖǺ᫘᧯ǨȚℋඅמǛݨ✤ǺڽȋǨ഻ⱶ

ȑগǜǓƹ❞এ୧ℋǷǹȚǷ⾻༔ℋɟɵɃɁǺ

ȑϞઇǨȚǛ⾻500 Mpa ͨˀǽℋඅמǛ᫘᧯

ǨȚई۰ȑǑȚƹǬǽệእ⾻⓯كݨǽǮȐǽף

కɿչᄺᆣǺℋ㘤ǛțǛ᧯ǧǮș⾻࣠ኑǬșǺ

ȗȚᣀම˃↝Ǜ᫘᧯ǨȚƹᗢ⫧Ӹఞǽ͘ᐯǛȲ

ɻȸɁɐɵʀɨȍǶ┶ᕷǤțȚǷ⾻չᄺൖǽℋ

අמǽংكǺȗȚᗢ⫧ংكǺ᨞๟ǨȚർ┶ǛǑ

Țƹࡖ 19 Ǿ 100 GHz ᧸ BPF ȡ 1.4 mm ╦Ǻ

չᄺǨȚǷඅמǛ⫳ყǤțȚǢǷȡᰳǦǵǙ

ș⾻අמоǺǦǵ 240 Mpa ǚȘ౪ࢍ 130 Mpa

ȍǶ᚛ଦǦǵǓȚƹǬǽǷǜǽ BPF ǽ˛ൺᗢ

⫧ংكǾ᮲ᗢ⫧ѩǺ 0.2 nm ȿɝɐǦǵǙș⾻

͘ᐯᗢ⫧ȡൡȚǢǷǛǶǜǹǓƹℋඅמǽ᫘᧯

Ǿ༔ℋቷͲȓɟɵɃɁǺȗșఖۡǤțȚǮȐ⾻

۬ᲷӟકɝȫɳɇʀǺଓඅǦǮ⣪չǹℋ▚╹ɿ

ቦᄦɿɟɵɃɁቷͲȡ▚઻ǦǵǚȘ᫘᧯අמȡ

⟽᚛ǤǪǵǓȚƹ

4㏏2㏏2 ᗢ⫧ǽᚩಏϞઇම

᣼ే BPF ǽ˛Ƕȑ 100 GHz ǽᗢ⫧ǽᚩಏϞ

ઇමǾ 0.5 pm/cC Ǜ┶ᕷǤțǵǙș⾻ʶⅺ᫢Ǻ

᧸ǓȘțȚ BK7 ࣠ኑȡπ᧸ǨȚǷ 4.2 pm/cC

Ƿǹș⾻͘ᐯȡᛙǮǨǢǷǾࡓ⮽ǶǑȚƹࡖ

20 Ǿ 2 ᲷⲲǽ࣠ኑቦᄦ A, B Ǻȗșᚩಏɑɲɝ

ɐǛ⢑⟵ǨȚǢǷȡᰳǦǵǙș⾻ሬ⣪ǹ࣠ኑቦ

ᄦȡ⣹ཾǨȚർ┶ǛǑȚǢǷȡᰳǦǵǓȚƹǢ

ǽ╫ᖑǺǑǮș⾻ᲷƼǽ࣠ኑቦᄦǛ᰷۬ǚȘံ

ጣǤǵǓȚƹଯ⾻ᗢ⫧ǽᚩಏϞઇමǺ⬄Ǧǵ

Ǿ⾻ⶲᑼᕟ2)ǽǃℋǷ࣠ኑቦᄦǽἠ℗೿ϭᄋǽ

ఞǺȗȚ˛ൺᗢ⫧ǽᚩಏϞઇමǄǺǳǓǵǽᮾ

᳣ȡڹᡄǤțǮǓƹ

㑱. ༔ ℋ ཪ ⒈

㑱㏏㑭 ֝൧ཪ⒈

ˀ⡻ǦǮȗǕǺ⾻ӟક⌻ℋɝȫɳɇʀǛᣀ઻

ǽոӟᣀමȡ྾ǳǮȐǺǾɝȫɳɇʀȡᐦ༔Ǩ

Ț۬୧Ǜᓺ᯺ǹℋڣǶףకǤțǵǓǹǠțǿǹ
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ȘǹǓƹǢǽǮȐ⾻۬ᲷɝȫɳɇʀᣀමǺଓඅ

ǦǮᲷƼǽ֝൧ᗕǛ⫳᫘ǤțǵǓȚƹόǷǦ

ǵ⾻ࡖ 21 Ǻӟક೙ℋڣɪɓɇʀǽ᏶┶ࡖȡᰳ

Ǩƹӟક᫢ℋ֝ڣ൧ǺǾٸ↠ᚬӟᗕ⾻̘↠ᚬӟ

ᗕǹǸǛǑȚƹٸ↠ᚬӟᗕǾ༔ℋ˛Ǻ⢖⣏᤹

ଙ᤹⾸Ǜᬫ╋ᗢ⫧Ƕۀ⾷ l/4 ᕃǺᏩоȡǷȚǢ

Ƿȡ֐᧸Ǧ⾻ɑʀɨǺၢ⠅ǦǮ⓯࣠ݨኑȡᬼယ

ᚬӟǦ⾻ӟ⦖ǽɜʀȷΡΈ⾷l/4⾸ȡⶲṐಏǺ

ᎰլǦℋڣȡ֝൧ǦǵǓȚƹǢǽᅀᗕǾ᣼ే

BPF ǺଓǦ⾻౺Ǟπ᧸ǤțǵǓȚƹ

ǤȘǺ⾻֝൧ǤțǮℋڣȡ࣠ኑⰢˀǽ౺Ǔⲏ

ࣕǶࢍʶǺ᳒୧ǤǪȚǢǷǛർ┶ǶǑȚƹ⢡

౐⾻Ⳏ—ȏȘǺȗǲǵ᫘᧯ǨȚℋڣոళȡⓝᓺ

ǨȚǮȐǺǾ⾻࣠ኑ⡨ѳǺⓝᓺኑȡ⥎ΈǦǮ

ș⾻⋛᫘ᛠȡ࣠ኑࡋ⟵˛ൺǽΡΈǚȘ⮼Ǩᅀᗕ

ȓ⾻࣠ኑ⅋Χȡᄋ᫜」٣ rpm ǽⶲ⢦Ƕࡋ⟵Ǥ

ǪȚǹǸǽᅀᗕǛۄȘțǵǓȚƹ

㑱㏏㑮 ༔ℋⓓΈ

ӟ⢡Ј᧸ɝȫɳɇʀǺπ᧸ǤțȚ⋛᭭ℋǽම

⃆Ǿ⾻ᗢ⫧ય઻ම⾻ⶲ૛ಏ⾻‵˳ම⾻΢၏ড

⾷΢ᄃ̇⾻΢ہ܋⾸⾻ሠǺ֝൧මǛ↝ǓǢǷǛ┶

ᕷǤțȚƹǢțȘǽℋݨ✤ȡ⣕༔ǨȚǮȐǺ౵

ǳǚǽ༔ℋᅀᗕǛ᧸ǓȘțǵǜǵǓȚǛ⾻Ǭǽ

ͦ⒙᫢ǹᅀᗕȡͨˁǺᰳǨƹ

1) ȬȲɻȪȿɁɐ⋛᭭ᗕ⾷Ion-Beam As-

sisted Deposition: IAD⾸⾷ࡖ 22⾸

⯍੿⧿ǺȗȚ൝ቻǽ⋛᭭ᅀ೙Ǻ⾻࣠ኑǺ۹Ǡ

ǵ⣪չǺף⢦ǦǮȬȲɻᛠǚȘǽȬȲɻᡄଙȡ

⢦ǦǮȬȲɻǺȗșףǗǮɟɵɃɁǶǑȚƹף

⋛᫘ḩ੿Ǜ⣌ؔȰɕɳȶʀȡൡǵ⾻ǬǽᣞຎǶ

༔ℋǨȚǢǷǶ࣠ኑǺଓǨȚ͛᭭ഁಏǛⶲȍș

ˊǳⶲ૛ಏℋȡൡȚǢǷǛǶǜȚƹ

2) ȬȲɻɟɴʀɎȫɻȸ⋛᭭ᗕ⾷Ion Plat-

ing Deposition: IPD⾸⾷ࡖ 23⾸

1963 ౫Ǻ⾻D. M. Mattox3) ǺȗșံጣǤț

ǮɟɵɃɁǶǑȚƹ

࣠ቊ᫢ǺǾ⾻ȸɵʀყ⯍ɟɱɂɦ˛Ƕ࣠ኑȡ
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⛤ǺɘȬȪɁǦǮᣞຎǶ༔ℋǨȚ⋛᭭ɟɵɃɁ

ǶǑș⾻ံጣȚǑǶ‮ Mattox Ǿ⾻ǃℋǽኝլ

Ȃኝլ˛ǽ࣠ኑǽ⒙ⰢǺⶲȰɕɳȶʀǽȬڽ֭

ȲɻትǛӱଙǦǵ⾻ɁəɋɇɲɻȸǛ⒅ȞțȚ

ᐯǹᣞຎǶ⢳⒅ǨȚ༔ℋɟɵɃɁǄǷ઻ῲǦǵ

ǓȚƹ᫘᧯ǤǪǮɟɱɂɦǺȗș࣠ኑࡋșǺ⅋

డɘȬȪɁǛ᧯ǧ⾻ǬǽȿʀɁԑǶ⋛᫘ḩ੿Ǜ

⣌ؔȰɕɳȶʀȡൡǵ⾻ǬǽᣞຎǶ༔ℋǨȚ̗

Ƕ࣠ኑǺଓǨȚ͛᭭ഁಏǛⶲȍșˊǳⶲ૛ಏℋ

ȡൡȚǢǷǛǶǜȚƹ⋛᭭ɉɫɻɘʀԑǺɟɱ

ɂɦȡ᫘᧯ǤǪȚ˩ǹᅀ೙ǷǦǵǾ⾻RF ❙״

ǺȗȚȑǽǷ⯍੿ɛʀɨ״❙ǺȗȚȑǽǛǑȚƹ

3) ȬȲɻɛʀɨɁəɋɇʀᗕ⾷Ion Beam

Sputtering: IBS⾸⾷ࡖ 24⾸

᭙᳧ɉɫɻɘʀԑǺ▚ΈǤțǮȬȲɻᛠ⾷Ɂ

əɋɇʀ᧸⾸ǚȘ೟ǜլǤțǮȬȲɻǶ⾻ɇʀ

ȺɋɐቦᄦȡɁəɋɇʀǦ⾻ℋᢼ✤ȡ࣠ኑ⒙Ⱒ

Ǻ༔ℋǨȚɟɵɃɁǶǑȚƹ

ሬ⡨Ǿᵥ̘ǽȬȲɻᛠ⾷ȪȿɁɐ᧸⾸ȡ▚Έ

Ǧ⾻೟ǜլǤțǮȬȲɻȡ࣠ኑǺᡄଙǨȚᅀ೙

⾷ȬȲɻȪȿɁɐȡκ᧸ǨȚᅀ೙⾸Ǜʶⅺ᫢Ƕ

ǑȚ⾷Dual Ion-Beam Sputtering⾸ƹቦᄦȡ᛹

╫ǦǬǽ⋛ᕧȡ༔ℋǨȚ൝ቻǽ⋛᫘ᛠ⾷⯍੿

ɛʀɨ⾻྆ཷףᡡ⾸Ƿᨵǹș⾻ቦᄦǽɁəɋ

ɇʀǽȎǶ༔ℋǨȚǮȐ⾻ہ܋⾻ᄃ̇ǛଦǹǓ

΢၏ডǽℋǛቃ൏ǤțȚƹ

ͨˀͦ⒙᫢ǹ༔ℋⓓΈǺǳǓǵẴ͒ǦǮǛ⾻

ሬ⡨ǶǾ⾻۬ⓓΈɩʀȳʀǚȘᲷƼǽᄽ╄ɟɵ

ɃɁǽံጣǛǹǤțǵቻǵǓȚƹǦǚǦ⾻ˀ⡻

ǦǮℋݨ✤ǾǢțȘⓓΈǽ✱ӱǽȎǶൡȘțȚ

■ǶǾǹǞ⾻ଣӱൖǽ۬ᲷӟકɝȫɳɇʀǺᭀ

අǦǓ֝൧ᗕȇǽტ޿ȓ⾻ય઻ම۹ˀᅄᵾᵱǽ

ᥰईǶǽ᧯᧳ཪ⒈ȡⶲȐȚǢǷǺȗș⣕༔Ǥț

ȚǢǷǺ᨞๟ǨȈǜǶǑȚƹ

㑲. ᾡ Ȑ

ͨˀ⾻DWDM ᧸ǽӟકɝȫɳɇʀǽ᧸⢛⾻

ȍǮ⾻ǬțȘǺᕷȐȘțȚ༔ℋཪ⒈ǺǳǓǵ⡻

ȈǵቻǮƹ

ᆑ͑ǽلḗȵɫɲȪǽཱུ✇ཱ֝Ǻȗșɞɵʀ

ɑɘɻɑكǛ΢⢦كǦǵቻǵǓȚȗǕǺ╀ۅǠ

ȘțȚǛ⾻⫧ቃ᫢Ǻ╀ȚǷɵɻȸɣʀɳēɩɐ

ɵēȪȷɃɁǷలईǽྮগǛ਀ȍǲǵǙș⾻Ӵ

ӟكǺ۹ǠǮǑȘȕȚ☁ⲤȡửỮ᫢Ǻ╫ᖑǦǵ

ǓǞർ┶ǛǑȚƹ
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