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1.3 ͤāɑȮó��hX`u 
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C-þĻ̔ʇ4�MB-DECIGO4;ō˕ͬQ100 km8ib��oW�&-G:�̔ʇ$N33M� 
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Ń 1-4� DECIGO :Ȳʊ 

 
1.4 ͤāɑȮóʂäɣ 
ͤāɑ:ěB(ʯͯ:ŖĊͦ;ωF3Ž$�-΍3ǆƞQG1Ȯóľ�ƹ̊4�M�+:-FäɣˬÈ8

;΍3ũŭǀ5óā�ɉFKNM�ũŭǀ8Ͱ&3;ĴɑǺʐ7ũŭǀ5ƨƞũŭǀ:¤Ȁ�ɉFKNM�

¼�8DECIGO�J=B-DECIGO8ɉFKNMäɣ:̊ɉ×QC5F-� 
 

́ 1-1� DECIGO:äɣ?:̊ɉ× 
Ȯóľ ɑ  ͬ [nm] }�� [W] ĴɑǺͼ΃ [Hz/√Hz] ƨƞͼ΃ [/√Hz] 

B-DECIGO 515 1 1 1×10!! 

DECIGO 515 10 1 1×10!! 

 
óā;ʔŷg�quͼ΃͵ʈQ�!M-F8΍3ƹ̊��M�-ÇĴɑǺƔŌQǲ͡(Mɯͼ΃͵ʈ;ƨ

ƞ8ɅÍ(M:4΍(�M5ÇĴɑǺ8� MǆƞQǬ73�973�¤ˡ:ë9Ī3Qˠǉ(M5óā

;10 W �͜ƪ57M�ɑͬ�515 nm4�Mɽʄ;ŨŬʯͯ41000 kmG:̹ͽQÂǭ(M8�-0
3ĿǗƜ�L:Ƭ΄QÇɞ$*M-F4�M�":¹8GŨŬʯͯ4ĊË$*M-F8 
×� ��±w�i���4�MΕͬȖĊËĤ˨ǀΖ 
×� Žŋ×Ŏɳǀ8ŴE 
×� ΍Ĉɺ4�M 
×� Ĕ�Øä4�M 
×� ˙ȷg�a���v4�M 
×� ̃ȍˢǀ��M 
530-Ȝ¾Gɢ-(ƹ̊G�M� 
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ʵ2ʲ�  
� Ęɽ 
 
2.1  ä�SV|�œƗľ 
äœƗľ;äQͿɇ8ŖǪ(M"57�ä:CCœƗ4�MœƗȀƣ4�L-΍Ĉɺ8œƗ(M"5�4

�Mǔ˽4�M�ä͐Ò:ʜʮͮʎ55G8ʎƃ&3�-":ǔ˽;Y��W�76:ƒŅΊͧƄV[�

Qä�SV|�8ɚă(M:��˰ʐ4-Y��W�ɚă�SV|�Qʂ3-ä�SV|�œƗľ

ΕEDFA: Erbium Doped Fiber AmplifierΖ;1980ƛ΅�Kʜʮͮʎ$N3�-�ä�SV|�œƗľ
:Ś�7ɵƷ;-+:ȳǍ�΁ƕ8ʽĔ4ä�SV|�5:ǻĪǀ�΁ƕ8˱3"5�ǟ!KNM�$K

8ƜƔŌ-Çͼ΃-Ŏɳǀ�àN33M53�ɵƷGë9Ü�33M-F-΍óāĊËQũŭʐ8Ůɻ(

M-F:΁ƕ8ȓʂ7ǑɃ4�M�+:Ęɽ;Ğ̾ôƑţ̴�K:̞żǵó�§4-¹8;���ǹ«H

���T�ǹ«76:΁˕ƫäŧĈλ8ō2�œƗľGŦŇ(M� 
ä�SV|�œƗľ8;dTć̶5`�qvć̶:ΙʫΊ:ć̶Ȁɐ��M�dTć̶;œƗ$*MÒĨ

ä5ć̶ä:¤ȀQdT8͐(Ȁɐ4�L-ć̶ä:ĲğĈɺ�΍3-F΍3Ĉɺ4œƗ$*M"5�4

�MĞ΂-dTì͟:ͿŐƨƞôƑ�΍�7M-F8Țǽ:ʝŔͱ×8J03œƗóā�û͵$NM-F-

΍óāĊË8;͵ʈ��M�`�qvć̶;΍óāĊË8Į 3ͮʎ$N-Ǒɐ4-ÒĨä;dTQ-ć

̶ä;`�qvQÂǭ(M-F-ͿŐƨƞôƑ;dTć̶:ȉJLG˖ĸ$N-JL΍óāĊË:ͺ8J

�ʂ3KNMȀɐ4�M�&�&-`�qv¥QÂǭ(Mć̶ä�dTQ͐͗(Mȉ8&�Ĳğ$N73

-F-dTć̶JLĈɺ4;HHĄM� 
ä�SV|�œƗľ:§7ȳǍ;-Ń 2-18G�MJ�8ùƳţ̴57MùƳ�SV|�5ć̶ʂäɣ�
K7L-ć̶ʂäɣ:͡˜8J03ć̶Ȁƣ�ΚʫΊ8øNM� 

 
Ń 2-1� ä�SV|�œƗľ:ć̶Ȁƣ 

(a)þȀć̶(b)ƱȀć̶(c)ĝȀĮć̶ 
 
Ń 2-18+:ć̶ȀƣQʣ&3�L-þȀć̶-ƱȀć̶-ĝȀĮć̶��M�+N,N:ć̶Ȁƣ8J
03ɵǀ�˳ƙʌ7M�Ń 2-28þȀć̶:ŐĪ:ÒĨä5ć̶ä��SV|�:ͬǑȀĮ8� ŖĊ(
MȴŤQȶƣʐ8ʣ&-�þȀć̶;ùƳ�SV|�:þ8ć̶äɣ��M-F-ÒĨä5ć̶ä�é8

·ȀĮ8͔R43��&-�03-ć̶ä;ͬǑȀĮ8� 3Ĳğ$NM-Fɞ̂&-ÒĨä;Ś��7
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M�Ğ̾ôƑGæźÛ4Ś��ƫǍ$NM-F-œƗ:Þ�;æźÛ�Ś�3�΍óā7ÒĨä�ͬǑȀ

Į8Âǰ$NM:4îĲğ:Ƭ΄Qġ H(�-ùƳ�SV|��ͬ3ŐĪ;óā�ĄM��Ȁ-œƗˬ

ɮǵóä(ASE: Amplified  Spontaneous Emission)GĬȴ:ĲğQġ M-Fͼ΃ɵǀ;àNM�þȀć
̶;Çͼ΃œƗ�̊ɉ$NMJ�7��T��8J�ʂ3KNM� 

 
Ń 2-2� þȀć̶:ÒĨä5ć̶äƨƞ 

ƱȀć̶;þȀć̶5;͍8ùƳ�SV|�:ƱȀ8ć̶äɣQ͡˜(Mć̶Ȁƣ4-ÒĨä5ć̶ä�

ŷĮ(MȀĮ8Âǭ(M�Ń 2-38ƱȀć̶:ŐĪ:ÒĨä5ć̶äƨƞ:ŖĎQʣ&-�ć̶ä;ÒĨ
ä5͍ȀĮ8͔E-F-ÒĨä:æźÛJLóźÛ8JLŘ�Ĳğ$N-Ğ̾ôƑGùƳ�SV|�ˇʳ

º”4Ś��ƫǍ$NM�&-�03-�SV|�ˇʳ4ÒĨä;Ś��œƗ$NM-F-þȀć̶:J

�8îĲğ:Ƭ΄;ġ 8��óāɵǀ;àN33M�&�&-ùƳ�SV|�ˇʳº”4ͼ΃GĬȴ8

œƗ$N3&C�-F-ͼ΃ɵǀ8;ĄM�óāQͤ̍(M}��T��ʶ8ʂ3KNM 

 
Ń 2-3� ƱȀć̶:ÒĨä5ć̶äƨƞ 

ĝȀĮć̶;þȀć̶5ƱȀć̶:ùɫQȑŚ͵8ɔ�&-ć̶Ȁɐ4-ć̶äɣQΙ1ʂ33ùƳ�S

V|�:¤ʳ�Kć̶äQæź(M�"N8JL-ͼ΃ɵǀGóāɵǀGàN-œƗQ˼�"5�4�M

�Ȁ-ć̶äɣQ̉Ǻƹ̊5(M-Fˉɜʐ7΂4;diu���M�ȑƱ8¼�:́8+N,N:ć̶

Ȁƣ:ɵƷQC5FM[5]� 
 

́ 2-1� ĩć̶Ȁƣ:ɵƷ 
œƗ  ˁ ÒĨùƳ ͼ΃ɵǀ óāɵǀ ˉɜǀ ʂ  ͏
þȀć  ̶ � � 
 � ��T�� 
ƱȀć  ̶ � 
 � � }��T��etc… 
ĝȀĮć  ̶ � � � 
 }��T��etc… 

 
2.2 �SV|� 
ä�SV|�;ƁǗɺƎQʂ33äQͭ'͆FÂǰ$*M̞ͿÈäżɑ̻4�L-+:íƫŷʩǀ�Kŷ

ʩi��żɑ̻5Ķ<NM��˰ʐ7ȳ͒5&3;-ƁǗɺ:΍3dT5+NJLP)�8ƁǗɺ:Ç3

`�qv:Ιƅ�K7M�ƁǗɺ:ôƑ:¸Ȁ8J03-§8ΙʫΊ:�SV|�8ô KN-dT:Ɓ

Ǘɺ��ŭ4-ƁǗɺ�dT5`�qv4Ƀ͸ʐ8ŖĎ(M�SV|�Qi±q�V�tq`i(SI)�S
V|�-dT:ƁǗɺ�ɦK�8ŖĎ(M�SV|�Qa��±qvV�tq`i(GI)�SV|�5Ķ>�
i±q�V�tq`i�SV|�;ȳ͒�ʽĔ4ũÏ4�M�-ä:æź̑8J03Âǰȉͯ8Ǝ�4�
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M-F-̹ͬͽÂ͌8�33;ǀ˨�HHĄM�a��tqvV�tq`i�SV|�4;¥Ƹ�KΙȻ

ͰǺʐ8ƁǗɺ�ŖĎ&33�:4-�SV|�Âǰ¥:ä;æź̑8JMÂǰ̹ͽ5ȉ͕ͯN:Ƭ΄Q

ġ 8��-Â͌ɑƫ:ĄĎQǕ�-̹ͬͽÂ͌�Ĥ˨4�M��˰8ä�SV|�;çĞźȜ¾Qùʂ

&3äQͭ'͆F33M-F-ä�SV|�?äQæź$*Mͺ8;æź̑�ͤ̊87M�¼�8ä�S

V|�QǓ�ͺ8ƹΈ:}���n57MͮĢǺ(NA: Numerical Aperture)58133̠̒(M� 

 
Ń 2-4� ä�SV|�¥:ä:Âǰ 

 
dT5`�qv:Œʈ8� M˫ʈ̑;¼�4́$NM� 

 !! = sin!!(!!/!!) (12)  
ʯɇ¥(!~1)�Kæź(MŐĪ-�SV|�ʳ΂8�33;iy�ý�ǍLʱ1:4, 

æź̑�!!JLŚ��7M5-dT5`�qvŒʈ΂8�33çĞźȜ¾�ƊNä�Âǰ&73:4-�
SV|�:ÂǭȜ¾;!! > !4�M�":J�8æź̑8� MȾƥQͮĢǺΕNA: Numerical ApertureΖ
533-�SV|�H��j:ͻä˨āQ́(ͦ5&3Ɯ�ʂ3KNM�NA �Ś��7M5�SV|�
?:æź̑GŚ��7M-F-�SV|�8äQæNH(�7M� 
 
2.2.1 o��`�qv�SV|� 
1980 ƛ»C4:�SV|���f�H�SV|�œƗľ8;dT8ć̶äQʓǧæNMdTć̶53�
Ȁɐ�ʂ3KN33-�g�\]�i:ʝŔͱ×;Ś�3�-dT:ʓƯ�Ǻµm4�M-F΍óāĊË
8;͵ʈ��0-�"NQ̒Ɍ(M-F8ˠȨ$N-:�-o��`�qv�SV|�5`�qvć̶5

3�ć̶Ȁɐ4�M�o��`�qv�SV|�;+:ĭ:͐L-Ιƅ:`�qvQǝ1�SV|�4�

L-Ιƅ:`�qv;+N,NʵΘ`�qvΕG&�;V�w�`�qvΖ-ɻ Ι`�qvΕĚ;TWn�

`�qvΖ5Ķ<NM�ÒĨä;dTQć̶ä;`�qvQÂǭ(M-F-ć̶ä:óāQŚƗ8Į�$

*M"5�4�-ÒĨäQ΍óā8ƳM"5�Ĥ˨870-� 

 
Ń 2-5� o��`�qv�SV|�:ȳ͒ 

 

sin !! = !! sin !!!
= !! sin

!
2 − !!

= !! cos !!
= !! 1 − sin! !!
= !!! − !!! 

(13)  
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o��`�qv�SV|�8�33ͤ̊7̊˅5&3-̀ �qv:ć̶ä5dT5:\q���a��M�

`�qvƫɶ�Ūçŷʩ7íƫQ&33M5æź:¸Ȁ8J03ç�dTQ͐͗&73ć̶ä�ŦŇ(M

"587M�"N;i^��ä˕5Ķ<N-ć̶ä:ĲğĈɺ8Ś��ͰPM�Ě-Ř�:ŐĪ`�qv

8\q���a(Mä;��p��v4�L-+:ŐĪ�SV|�¥Ƹ8ƨƞ:��`Qǝ-73Εȷ�

�v:ʯͯ���|�x�aΖ:4-ĲğĈɺ;ǂ�703&C�� 

 
Ń 2-6� i^��ä˕ 

 
"NKQ̒Ɍ(M-F8-`�qv8΁ŷʩǀQǝ-*-o��`�qv�SV|���L-ØɑÑǝ�

SV|�473͐ƕ:�SV|�4�N<-"�&-΁ŷʩ7o��`�qv�SV|��ʂ3KNM�

`�qv:ƫɶ;ȴ��L-D:ťŋHʙƫ`�qv-Ř̑ƫ:`�qvQǝ1�SV|���M� 
 
2.2.2 ØɑÑǝ�SV|�(PM�SV|�) 
�˰8g�a���vΕSMΖ�SV|�8;ʓ˼(MȀĮ8Øä&-Ι1:��v�˚͋&33M�ʶ
Ȁʐ8Ūç7ŷʩǀQǝ1J�7ɽǄţ̴¥4;-"NK:��v;¯38ʓ˼&33M-Fʔ¯Ëʂ;

&73�&�&-Ůͺ8;̿ŷʩǀ:P)�7ʝNH-Țǽ: ŉ�ǀ��M-F-"NK:��v:˚

͋�̒ -Ι1:Øä�əĪ&33MɶǇ87M�"N;Ι1:��v:ÂǭŭǺ�P)�8ʌ7M5̒

ͣ4�-":ǀ̴;��v̉ƁǗ5Ķ<NM���vƁǗɺ�Ž$35+:ȀĮ8͔Eä:˝͑ƞ�Ś�

�7M-F-+:ȀĮQ΍͑̿ΕFast axisΖ5Ķ=-Ğŷ8��vƁǗɺ�Ś�3̿QÇ͑̿�M3;͕
Ε̿Slow axisΖ5Ķ>�"N8ŷ&3¬Fƻā4̉ƁǗQ̶̞&3ØäɶǇQÑ1Ȁɐ��L-+N,N
:Øɑ��v�KG��1:��v?:\q���aQǕņ&-ØɑÑǝ˨āQ΍F-�SV|�:"5

QØɑÑǝΕPM: Polarizasion MaintainingΖ�SV|�5Ķ>[6]��SV|�dT:¤Û8Ιș:bV
͢�W˅]�i:�qvQæNM"54-xȀĮ4;ņ˚ƻāQ-yȀĮ4;Ƨā͜ƻāQ¡�33M�
"N8JL-ƨûʐ8��v̉ƁǗQ̶̞&x̿-y̿8� MÂǭŭǺ8ƎʌQʁ'$*M"5�4�
M�+:ˊλΙ1:Øɑ��vͯ:��vˊĪQ̶"L8��&33M�ØɑÑǝ�SV|�:ØɑÑǝ

˨āQ́(ͦ5&3-ØɑɗäɅΕØɑ`�iu�`-ØäɗäɅ5GĶ<NMΖ��M�"N;Ι1:

ʓ˼(MØäǍô:ɅQ́(ͦ-xȀĮ:ØäǍôƨƞQ!!-yȀĮ:ØäǍôƨƞQ!!5&-ȉ¼�:
ƣ4́$NM� 

 ! = 10 log!!!!
 (14)  

Ůͺ8ØɑÑǝ�SV|�8äQæź$*M5�;Øä̿QĪP*Mƹ̊��L-Øä̿�ĪP73CC

æź$*M5�SV|�Âǭ¥8Øä�ĴL-Øɑ`�iu�`;ǂĎ(M� 



10 
 

 
Ń 2-7� ØɑÑǝΕPANDAΖ�SV|�:ȳ͒ 

 
2.3 ̞ż���T�ǹ«ΕSBS: Stimulated Brillouin ScatteringΖ 
̞ż���T�ǹ«ΕStimulated Brillouin ScatteringΖ5;΍óā7ä:Âǭ¥8ä�SV|�ì4ʎ
ʁ(M΁˕ƫ͗ʪ4�M�΍óāͿŐ8JM΁˕ƫ͗ʪ8;̞ż���ǹ«ΕStimulated Raman 
ScatteringΖ5̞ż���T�ǹ«ΕStimulated Brillouin ScatteringΖ:ΙʫΊ��M�"NK;΍óā
ͿŐ8JL-ä�SV|�ì:ˊȌ:ͿɇĝωŤôω�΁˕ƫƻʷQ(M"58̶ŀ(M�͐ƕͿŐ�Ʀ

3ŐĪ8;ˬɮ���T�ǹ«�̶�M�"N;ɯƚ̀ɶǇ8�M΃ɑ8JMǹ«4�M�æźͿŐQƨ

�&33�5ˬɮǹ«ä�Ś��7L-��f�ä5ǹ«ä:��u8JLäƨƞ�ŐǐÎŦǀQǝ1J

�87M�+:ˊλųƞôƑQƫǍ&-+:ųƞôƑ�KƁǗɺôƑ�ʎʁ(M�":ƁǗɺôƑ8JM

ǹ«�̶�MJ�87M�":ǹ«ä�iu�`iĴɑǺ5�˭&-ŐĪ8iu�`iä5&3ăʹ$N

M�"N;ƁǗɺ:ĴȖʐŖ̣8JMĿǗȦŤ�ƫǍ$N-+N8J03ɵŭ:ɑͬ���qaĿǗ$N

M5̒ͣ(M"5G4�M�""4ƫǍ$N-ĿǗȦŤ;ɴ̴¥:΃͑4Ċ�-F-̠̒$NMä;vq

���Ĉλ8J03ĴɑǺg�u$N-ĴɑǺ87M�+:ĴɑǺg�u;¼�:ƣ4́$NM� 

 !! = !! − !! =
2!!!
!  (15)  

!!;æźä:ĴɑǺ-!!;iu�`iĴɑǺ-!;�SV|�:ƁǗɺ-!;æźä:ɑͬ4�M��˰8
SBS8JMĴɑǺg�u;SRS:g�uJLΚȧA6Ž$3�SBS:Ś�7ɵƷ5&3;ƱȀǹ«(M
53�"5��M� 
iu�`iä:Ǎͬ;���T�ùƳÐǺ!!(!)4ɵƷº KN-+:��`;! = !!4ƳKNM���
�T�ùƳƗΔ!!; 

 ∆!! =
1
!!!

 (16)  

5́$NM�!!;΃΄�Zz�:Ÿķ(7P/΃΄˖ĸȉͯ4�M�΃΄ɑ�":˖ĸȉͯQǝ03ǞǺ
ͰǺʐ8ɞž(M5�-���T�ùƳ;+:���YŖǪ4́$N-����rŋ:i�`u�QG1� 

 !!(!) =
∆!!
2

!

! − !! ! + ∆!!
2

! !!(!!) (17)  

""4;¼�:J�8ȏ�́*M� 

 !!(!) =
2πn!!!"!

!!!!!!!!∆!!
 (18)  

!!";˙ȀĮ:äƩǀÐǺ-!!;ţ̴:ųƞ4�M�ʛ˴ˁ:�SV|�:���T�ùƳ;Ĕ˄7|�
`:ʛ˴:+N5;ʌ7M�+N;ƁǗɺ̣ǻ:-F8�SV|�:dTì8c��xW�Qɚă&33

M-F4�M�SBS:ͱ×;Ȼ:ƣ4́$NM 
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 !!! = 21 !!""
!!!!""

 (19)  

ħͅ:21;���T�ùƳ!!(!):��`×:”Å×4�L-ć̶ä5iu�`iä��SV|�8ɏ0
3Øä΂Qːǝ(M�İ�8J031~2Õ8ŖĎ(M� 
 
2.4 �SV|�:Ȏ!8JM΍Ȼ��vǕņ 
ä�SV|�ì8ŦŇ4�Mȷ��v:Ǻ;V}���nΕC-;̌ȦĎĴɑǺΖ8J03ɌCM�V}
���n;¼�:ƣ4ŭ˞$NM� 

 ! = !!! !!! − !!! =
2!"
! !!! − !!! (20)  

""4!;ä�SV|�:dTƯ4�M�ä�SV|�:J�7íƫ7ŷʩi��̞ͿÈżɑ̻:ŐĪ;
LP ��v4ȷ��vQˠ�M�ȑÇȻǺ:��v; LP01��v4�L-ȻǺ�Ś��7M81N-

LP11,LP02,LP12…57M�":V:×�2.405QŒʈ8LP11��v�ŦŇ(M�İ��ɌC03�M-F-

g�a���vȜ¾;V<2.4054�M�&�&-V:×;dTƯ�Ś��7M81N3œă(M-F-d
TƯ:Ś�3��p��v�SV|�;�˰8":Ȝ¾Qɢ-$73�dTƯQŚ��&3GNAQŽ$
�(M"54g�a���vȜ¾Qːǝ$*M"5�4�MJ�7 LMA(Large Mode Area)�SV|�
GŦŇ(M�-Ìʂ(Mɑͬ8J03;��p��vĎ�̶"03&C���SV|�œƗľ8�33-

SBS:Ƭ΄Q͞ M-FdTƯQŚ��(M�CL-Âǭ��v�Ř��vĎ(M53�ɻ̭�J�̶"
M�"NQ̒Ɍ(M-F:ǑɃ5&3-�SV|�8Ȏ!ǬŞQ¡�M"54g�a���v4ĊË$*

M53�Ȁɐ��M[7]�"N;�SV|�QȎ!M"54΍Ȼ��v:ÂǰȜ¾QƊ(53�Ǒɐ4�M�
΍Ȼ��v8ǬŞQ¡�33M̘4;7�-ÂǭȜ¾QƊ(-F-΍Ȼ��v8ô͡$N3&C033-

}��;ÇȻ��v8ͻ¥(M�+:ˊλǬŞž7�΍Ȼ��vQǕņ(M"5�4�M:.� 
΍Ȼ��v8ăPMǬŞ;¼�:ƣ4́$NM[8,9]� 

 2! =
2!!!!!!" exp − 23

!!
!! !

!! !"#!!
 (21)  

!;ɞ̂ŭǺQ́&-":ŐĪ}��:ɞ̂ŭǺ7:4ŭǺ:Ι�Ã��V;V}���n4-R;�S
V|�:ƐƯ-!;ĩÂǭ��v:ÂǭŭǺ4�M�!, !;¼�:ƣ4Ɍŭ$NMͦ4�M� 

 ! = !! − !!!!! (22)  

 ! = !!!!! − !! 
(23)  

 
ÂǭŭǺ!;Âǭ��vɄ8ʌ7M-F-ĩ��v:ÂǭŭǺQ»æ(M"54ĩ��vɄ:ƐƯ5Âǭ
ǬŞQɉFM"5�4�M� 
 
2.5 ʵΙ΍̣ɑʎʁ 
ʵ2΍̣ɑʎʁΕSHG: Second Harmonic GenerationΖ;��f�ä:J�Yy�_�ųƞ:Ś�3Ϳ
ʟɑ�äŧˊȌQ͐͗(Mͺ8̶̞$N-ôω8J03-΍̣ɑ�ʎʁ(Mɻ̭4�M�[10] 
 
2.5.1 ʵΙ΍̣ɑʎʁ:¸ˈD5ÆʔǻĪ 
ɴ̴¥Qä�͐͗(M5-ä5ɴ̴:ʔ¯Ëʂ�̶"M�ɴ̴;ĘŤ5ôŤ�K7M-FȾ:Ϳ˶5̮:

Ϳ˶Qǝ0-͟ô�ŦŇ(M��`�ʐ8;Ϳɇʐ8¥ǀ.�-ŗ͟ͿŐ�Ėă$NM5+NK8ØL�

ʁ'-ĝωŤ����uQƫǍ(M�ĝωŤ����u;�`u�4́ɻ$N-ȾͿ˶5̮Ϳ˶:̹ͽQ!
5(M5 
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 ! = !! (24)  
57M�ĔÆÈʭ¥8ŦŇ(MĝωŤ����u:˒ǺQN5(M5-çÈ:ôωP;¼�4́$NM� 
 ! = !! (25)  
�˰8äͿŐ;ĴȖʐ8ǠĊ&33M-F-"N8J03̶̞$NMôωGĬ'ĴȖ4ǠĊ(M�ĝωŤ

�ǠĊ(M5ͿʟɑQǵź(M�ôωP5ͿŐE8;¼�:ͰÐ��M� 
 ! = !(!)! + !(!)!! + !(!)!!… (26)  
ä:ĩĴɑǺQ
-!!QǠƗ5(M5-äͿŐ; 
 ! = !! exp !"# ! (27)  
5ȏ M�"NK:ƣ�KôωP; 
 ! = !(!)!! exp !"# + !(!)!!! exp 2!"# + !(!)!!! exp 3!"# … (28)  
57M�":J�8ôω8J03æźͿŐ:΍̣ɑ�ʎʁ(M"5�P�M�":�/ʵΙ΍̣ɑ;ʵΙ

Ά:Ǎô�Ų¡(M�ˊȌ8;ʌȀǀ�ŦŇ(M:4ƹ)&G-Ėă$N-ͿŐ:ȀĮ5ôω:ȀĮ��

˭(M5;͵K73�+:-F-ôω5ͿŐ:ͰÐQ͉̕(Mͺ;±�m�Qʂ33�`u�ͦ5&3Ǔ

��΁˕ƫôω�`u�:ǍôQ!! ,!! ,!!5&Ĭȴ8ͿŐ:ǍôQ!! ,!,!!5(M5΁˕ƫäŧÐǺ:±
�m�!!!Q·&3 

 
!!
!!
!!

=
!!! !!" !!" !!" !!" !!"
!!" !!! !!" !!" !!" !!"
!!" !!" !!! !!" !!" !!"

!!
!!
!!

2!!!!
2!!!!
2!!!!

 (29)  

5́("5�4�M�":J�8ʁ'-΁˕ƫôω;ĩŐǐ#58ʵΙ΍̣ɑQʎʁ$*7�Kōșɑ5

Ĭ'Æʔ͑ƞ4͔E�ôωţ̴¥4:�`iWX�Ȁʪƣ; 

 Δ! = −!!!
!!!
!!! = !!

!!!
!!!  (30)  

4�L-Ϳʟɑ�ƚ΂ɑ4ɑͬŖǪ8JMɞ̂�ďôŽ$35”Å(M5®Ȼ:ƶôΆ;ɭ̍(M"5�

4�M�Δ! = 2!! − !!5(M5 

 
!"
!" = − !2!!!

!!!! ! !!! exp !Δ!"  (31)  

57M�!!, !!;+N,Nōșɑ5ʵΙ΍̣ɑ:ɑǺ4�M�$K8-ōșɑ5ʵΙ΍̣ɑ:ʔ¯Ëʂͬ
QL5&-0~L:ͯ4�ƣQʭô&3Ιª(M5ʵΙ΍̣ɑ:ƨƞQɉFM"5�4�M� 

 ! !! = 2!! !! !!!!!!!""!

!!!!!!!! !!!
sin! !∆!

2
!∆!
2

!  (32)  

!!"";!!":˕ƫĸ4�L-Ů˼΁˕ƫÐǺ5Ķ<NM�A;���:Ǿ΂ʭ4-n;ƁǗɺ4�M�Șʳ
Ά: sincͰǺ�ƨƞ:ĴȖǀQɌŭ&3�L-"N�ʵΙ΍̣ɑʎʁ8� MÆʔǻĪ8ͰÐ&33M� 

 ∆! = 0 (33)  
�ÆʔǻĪȜ¾57L-"N�ɢ-$NMȉ-ȑŚ:ŖǪĈɺ�ƳKNM"587M�͐ƕƁǗɺ:ɑͬ

ôǹ;Ẹ̆4�M-F-ˊȌͬçŌ8ŷ&3ōșɑ5ʵΙ΍̣ɑ:ƁǗɺ�ʶ&�7K)-ÆʔǻĪȜ¾

�ɢ-$NM"5;73�&�&-ʌȀǀ:�MˊȌ4;̉ƁǗ��M-F-Øä:Į�8J03;ƁǗ

ɺ��˭&Ĭ'Æʔ͑ƞ87M̒�ŦŇ(M� 
ʵΙ΍̣ɑ:ƨƞ;ôω:Ιª8ɅÍ(M-F-ōșɑƨƞ:Ιª8ɅÍ(M�&-�03ŖǪĈɺ

!!"# = !(2!)/! ! ; 
 !!"# ∝ !!""! ! !  (34)  

57Lōșɑ:ƨƞ8ɅÍ&3Ś��7M� 
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2.5.2 ǱÅÆʔǻĪΕQPM: Quasi Phase MatchingΖ 
ÆʔǻĪQĠM-F:�˰ʐ7Ȁɐ;-ˊȌ:̉ƁǗǀQùʂ(MȀɐ4�M�-":Ȁɐ4;æźä:

ä̿8J03;ÆʔǻĪ̑�K:j��ʁ'M-F-ʵΙ΍̣ɑ:ŖǪĈɺ�Ç�&3&C�Ε":j�

QWZ�`[�̑53�Ζ� 
"N8ŷ&-ʯͯʐĴȖȳ͒8J03ÆʔǻĪȜ¾QǍʱ$*MȀɐQǱÅÆʔǻĪΕQPM: Quasi Phase 
MatchingΖ53��ǱÅÆʔǻĪ4;-ʔ¯Ëʂ(Mç3:ɑ8ŷ&3Ĭ'ØäȀĮQʂ3M"5�4�
M-F-΁˕ƫäŧÐǺ:Ś�7ˊȌQʂ3M"5�4�-Ĉɺ˱�ʵΙ΍̣ɑʎʁQ˼�M�ʵΙ΍̣

ɑd~���iͬ; 

 !! =
!
∆! =

!
4(!!! − !!)

 (35)  

5́$NM� 
¼�8ǱÅÆʔǻĪ:ɵƷ5ùɫQC5FM� 
×� ʯͯʐ7WZ�`[��7�3GɠƞǻĪ8JLƜʻł:΁˕ƫʔ¯ËʂQùʂ4�M� 
×� Ś�7΁˕ƫäŧÐǺQǝ1ˊȌ4ùʂ4�M-F-g�a�}iȳ͒4GɅ̀ʐ΍Ĉɺ7ɑͬŖǪ

�ŮɻĤ˨4�M� 
�˰ʐ7ˊȌ5&3;ĴȖôωĞ̾ȳ͒ΕPeriodically Poled structureΖQȓ(MˊȌ�ʂ3KNM�+
NK:ˊȌ;PPLN,PPMgLN,PPMgSLT765́ɻ$NM�șʜʮ4;͢Ď�aygW�:ɚă$N-
ĴȖĞ̾ôωx[�͢�pW�(PP:MgOLN)Qʂ333M� 
ǱÅÆʔǻĪ8JMɑͬŖǪĈɺ; 

 ! = !!!
!!

= 2!!!!""!

!!!!!!!!!!
!!!!!ℎ(!, !) (36)  

5́$NM�ℎ(!, !);Boyd and KleinmanŀŤ5Ķ<NMͰǺ4�M�C-!; 

 ! = !
! =

!"
2!"!!!

 (37)  

5ŭ˞$N3�L-ȑ͜7Ȝ¾;! = 2.845ŏĳ$N33M[11]�"N8JLˊȌͬQńŭ(N<-ȑ͜
7���ƯQ�ǅ8Ɍŭ(M"5�4�M� 

 
Ń 2-8� ǱÅÆʔǻĪ5ʵΙ΍̣ɑʎʁ 

 
΁˕ƫäŧˊȌQʂ3-ʵΙ΍̣ɑʎʁ:Ȁɐ;§8ΙʫΊ�L-g�a�}iȳ͒5Y�{�iéǠľ 
Qʂ3MȀɐ4�M�éǠľQʂ3MȀɐ:¥8;ŗ͟éǠľĎ(MȀɐ5ì͟éǠľΕIntra-cavityΖĎ
(MȀɐ:Ι͐L�M�C--ˊȌ:¥8;|�`ɶ:G:5żɑ̻ŋ[12]:G:��L-żɑ̻ŋ:G
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:;΁ƕ8Ĉɺ�˱3Ğ΂-ǬÝͱ×�Ç3-F΍óāĊË;$*KN73�Ʋ03΍óā7ɑͬŖǪQ

˼�ŐĪ8;|�`ɶ:G:QÌ�:��˰ʐ4�M�g�a�}i;Ĉɺ"+�CLʬ!73G::-

éǠľQÌʂ&73-FȳǍ�΁ƕ8g���4�M53���qu��M�g�a�}iȳǍ4;ȑ΍

4ŖǪĈɺ 40%Q̷�-53�ŏĳG�M�[13]-25%þƱ:Ĉɺ4�M53�ŏĳ�[14]Ř3�Ůͺ8
șʜʮů:ã˼ʜʮ4ʵΙ΍̣ɑQʎʁ$*-ͺG25%:Ĉɺ�ƳKN33M[15]�C--g�a�}i
ȳ͒4G̉Ǻ:ˊȌQʂ3M"54΍ĈɺĎQŃ033MŏĳG�M[16,17]�éǠľQʂ3MG:4;é
Ǡľì}���΍3-F-ŮĈʐ8ōșɑƨƞQ΍FM"5�4�M-FĈɺ;�7L΍3�80%8”3
ĈɺGŏĳ$N33M[18]� 
 
 
2.6 M2ŀŤ 
ɽǄʐ7��f�; TEM00:g�a�]WgT����4�M�-Ůͺ:��f�;ɽǄʐ7���5

;©ͽ��M�g�a�]WgT����86N. ”3���7:�Qŭͦʐ8̚Ï(M}���n�

M2ŀŤ4�M���f�äQ��j4ͻä(M5ĿǗ͵ʈ8J03+:ȑŽ���Ư;û͵$NM�&

�&-���:ƨƞ���SV��«N33M5ĿǗ͵ʈC4ˋL͆E"5�4�)-ɽǄʐ7���J

LƜ�0-���SV�Qʣ(�ɽǄʐ7g�a�]WgT����;Ȼ:ƣ:J�8Âǭ(M� 

 ! ! = !! 1 + (! − !!)!
!!!!

!
 (38)  

"N;! = !!:5�8���WXViu57M"5Q́&33M�":i�quƯ�ɽǄʐ7���JL
MÕŚ�35(M5-Ůͺ:���:Âǭ;¼�:J�8͉̕4�M�!

 ! ! = !! 1 + !2(! − !!)!
!!!!

!
 (39)  

": M2:×4���Ĺ̴Q̚Ï(M�":×;ƹ)Θ¼�×QĠL-M2=1 :5�g�a�]WgT�
���57M�C--������SV�Qɡŭ(Mͺ;ƨƞ:���SV�QĠM-F-��`ƨƞ:

1/e287MƗQ���Ư5(M� 
 
 
2.7 ŗ͟éǠľŋĐżÈ��f� 
��f�:ʎǠ8;ùƳţ̴5éǠľȳ͒�ƹ̊4�L-ĐżÈ��f�;��f�pq�:Āͮ΂4é

Ǡľ:ȳ͒QƫǍ&33M�"N8JLŽŋ4Ɋʂǀ�΍�-�1ũÏ4�M53�ùɫ��M�&�&

7�KŽŋ4�M�Ƕ8éǠľͬ�ʚ�ˬʄi�`u�ΉŌΕFSR; Free Spectral RangeΖ�Ś��˕Ɨ
�Ŝ�7M53�Ęɽʐ7ɵƷ��M�ˬʄi�`u�ΉŌ5;ʎǠĴɑǺ:ͯ͹-(7P/éǠľ:é

Ǡ��v:ͯ͹Qǅĵ&-+:×Q∆!!"#-éǠľ¥:ä͑ c-éǠľͬQ!5&-ȉ¼�:ƣ4́$NM� 

 ∆!!"# =
!
2! (40)  

1CLéǠľͬ�ʚ N<+:ôFSR;Ś��7M:4�M�""4�UyiΕFinesseΖ53�ȲƽQ
żæ(M�"N;éǠ:ͩ$Q́(ͦ4�L-FSR5˕Ɨ∆!:Ʌ4ŭ˞$NM� 

 ℱ = ∆!!"#
∆!  (41)  

�˰8�UyiΕFinesseΖ;éǠľ:���:Ğźɺ8J03ɌCL¼�:J�8¡�KNM� 

 ℱ = ! !
1 − ! (42)  

&-�03FSR�Ś��7M5-�UyiΕFinesseΖ����:Ğźɺ8J03ɌCM�ŭ:ͦ5(M
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7K<-˕Ɨ;Ŝ�7M"587M�˕Ɨ;ʚȖũŭƞQʣ(:4ĐżÈ��f�;�˰ʐ8ʚȖũŭƞ

�ǂ3� 
":ȺɫQ̆0-:�ŗ͟éǠľŋĐżÈ��f�4�M�ŗ͟éǠľŋĐżÈ��f�;ĐżÈpq�

:ɱȀ:Āͮ΂5ŗ͟8�MG�Θ1:���54éǠľȳ͒QˈR43M-F-éǠľͬQͬ�ĠM"

5�4�MJ�87033M�+N8JL FSR �Ž$�7L-+N8Ã3˕Ɨ�ˆ�7M�&�&7�
KFSR�Ž$�70-"58JL��p��vʎǠ�̶"LH(353�ȺɫGʁCNM� 
ĐżÈ��f�:ʎǠĘɽ8133-ĐżÈ��f�:éǠľ:éǠ��v5ĐżÈ��f�:ùƳɵǀ

:QŃ 2-98ʣ(� 
 
 
 
 
 
 
 
 
 
 
 
 
Ń 2-9 :˓˕;��f�:ùƳQ-΀˕;��f�ì:éǠľ:éǠ��vQ́&33M�éǠľ4;éǠľ
ͬ8J03ɌCMéǠȜ¾Qɢ-&-��v�ʶͯ͹4ʱ1�":�/��f�:ùƳɵǀ5éǠ��v��˭

(M5"O4ʎǠ�̶"M�FSR �Ś�3(7P/éǠľ:˙��vͯ͹�Ɯ3ŐĪ;-��f�:΍ùƳ:
͟ô8�˭(MéǠ��v�Ĕ�87M:4Ĕ���vʎǠ(M�¹Ȁ-FSR :Ž$3ŐĪ(7P/ŗ͟éǠ
ľŋĐżÈ��f�:ŐĪ:ʎǠĘɽQŃ 2-108ʣ(� 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ń 2-10 8˜33G˓˕���f�:ùƳQ-΀˕;��f�ì:éǠľ:éǠ��vQ́&33M�ʎ
ǠĘɽ;�͉:͐L4�M�Ń 2-10 4;Ń 2-9 :ŐĪJL FSR �Ž$�7033M-F��f�:ù
Ƴ8J03œƗ$NMéǠ��v�ŘǺŦŇ&33M"587M�&-�03Ř��vʎǠ�̶"03&

C��Ř��vʎǠQʹ�-F8;�Mɵŭ:ɑͬQõLó(ɑͬ͝ǘ˅ŤQǮ́(M:��˰ʐ4�M�

ɑͬ͝ǘ˅Ť:Í5&3»́ʐ7:;ĿǗȦŤH�U�n�4�L-ŗ͟éǠľŋĐżÈ��f�8;Ŀ

ǗȦŤŋ5�U�n�ŋ:ΙʫΊ��M�$K8ĿǗȦŤŋ8;ȳ͒8J03 Littmanŋ[19]5Littrow
ŋ[20]:ΙʫΊ��M�Littmanŋ:ECLD;ĿǗȦŤ5cV�pq�:Āͮ΂4éǠľȳ͒QĠM�c

Ń 2-9 ĐżÈ��f�:ùƳ5éǠľ:éǠ��v 

Ń 2-10ŗ͟éǠľŋĐżÈ��f�:ùƳ5éǠ��v 
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V�pq��Kó-ä;d���n��j8J03ƚ˼ä87LĿǗȦŤ4ĿǗ(M�":ȉ-éǠľ:

éǠ��v#58ĿǗ̑;ʌ7033M-F-+:�/:1ȻĿǗäQ���4Ğź$*cV�pq�8
Ǐ(Ε�U�v|q`ΖJ�8(M"54Ĕ�:��vQõLó("5�4�M�C--��f�ʎǠó

ā;ΗȻĿǗäQĠLó("58J03Ƴ33M-F-ɑͬ͝ǘ:ͺ8���:̑ƞQŖ�M5-ä̿�

ŖĎ&3&C�53�ȺɫG�M� 
Littrowŋ;ΘȻĿǗäQ�U�v|q`(M53�ɫ4;Littmanŋ5Ĭ'.�-��f�:ĞŷÛ:
Āͮ΂�KóāäQĠLó(¸ˈD87033M�Littmanŋ5;ʌ7L-ΘȻĿǗäQʓǧ�U�v|
q`&3éǠ$*M�ʎǠɑͬ:͝ǘ;ĿǗȦŤ:̑ƞ4˼�:;Littmanŋ5ŖPK73�-+:ͺ8
ä̿�)N73:�ȑŚ:ùɫ4�M� 
�U�n�ŋ:ECLD4;-éǠľȳ͒:¥8ɑͬ͝ǘ�U�n��æ03�L-+:̑ƞQ̣ǻ(M"
54ɑͬ͝ǘQ(M�éǠľ:¥4�U�n�QĿ̾$*M-F-óā$NM���:ä̿8;ç�Ƭ΄

Q¡�73�C--éǠľȳ͒Qʓ˕ʐ8ËLH(3-F-ȹȩʐũŭƞ�΁ƕ8΍3��f�4�M�

¼�8�U�n�ŋECLD:éǠľȳ͒Qʣ(� 

 
Ń 2-11� �U�n�ŋ ECLD:ȳ͒ 

 
LD pq��Kó-ä;d���u��j8J03ƚ˼ä87L-Ιȡʒ:d���u��j8J03î
ƞͻä$NM�ͻäɫ8͡˜$N-TWu�qu\���ΕOCΖ5 LD pq�4éǠľQƫǍ&-�͟
Qóā5&3ĠLó(¸ˈD87033M�Ιȡ:d���u��j:ͯ8͡˜$N33M�U�n�4

ɑͬ͝ǘQ˼��d���n��j:ͻäɫ8���Q͡˜(Mȳ͒;^�qrTVȳ͒5Ķ<N-æź

ä:ä̿�Řž)N3G��j8JL+:j��̆ß$NM-F-ȹȩʐũŭǀ;΁ƕ8΍3� 
 
2.8 ʔŷƨƞͼ΃ΕRINΖ 
ʔŷƨƞͼ΃ΕRelative Intensity NoiseΖ5;��f�768� Mƨƞ:ͼ΃Qƚŉƨƞ4̌ȦĎ&-
ͦ4�L-ʔŷƨƞͼ΃i�`u�5;+:ͼ΃:}��i�`u�Ě;ǠƗi�`u�:"5QǞ(�

ɽǄʐ7͓ˏʎǠ:��f�4;ƨƞ;ȉͯʐ8�ŭ4ŖĊ;̋KN73�-Ůͺ:��f�8;ɵŭ:

ĴɑǺ#5ͼ΃�ıCN3�L-ƶʴ7�KƨƞQȉ­ü�ŖĎ$*33M�ʔŷƨƞͼ΃;"NQŭͦ

ʐ8̚Ï(M-F8΁ƕ8ȓʂ7ǑɃ4�M��˰ʐ7ǠM˯35&3;-ÇĴɑǺƔŌ8�33 1/f ͼ
΃5Ķ<NMͼ΃8ÎŦ(M-F-΍ĴɑÛ8� 3ɞž&-�MĴɑǺ87M5˖ĸʎǠ:Ƭ΄8JL

ͼ΃�œă&-+:Ʊ;ƿƉ8ɞž(M�¼�8;ʔŷƨƞͼ΃:Ęɽ5ɡŭȀɐQʣ(� 
WUw�×^�p�:ŭɽ8JL-�˰8ͰǺ:ˬƏʔͰͰǺ5}��i�`u�ųƞΕPSD: Power 
Spectrum DensityΖ;���YŖǪ:ͰÐ8�M�!(!)7MͰǺ:ˬƏʔͰͰǺ!(!)5¼��ǍLʱ
1 

 ! ! = lim
!→!

1
2! ! ! ∙ ! ! − ! !"

!

!!
 (43)  

""4-!(!):���YŖǪQĠN<}��i�`u�ųƞS�ƳKNM�ͰǺ!(!):���YŖǪ
Q! ! 5(M5}��i�`u�ųƞͰǺ; 
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! = ℱ ! !

= ! ! !!!"#!"

= ! ! ! 

(44)  

57M�ˬ ƏʔͰͰǺ!(!):ĔÆ;! ! :ĔÆQ!5(M5!!4�M�K-":ȉ:}��i�`u
�ųƞ:ĔÆ;!!T5́$NM�ȉͯ5ĴɑǺ;͍Ǻ:ͰÐ8�M:4!!/Hz5́("5G4�M�
�˰8;"N:ƚȀȥQ503!/ !"5(M"5�Ř3�$K8ʔŷƨƞͼ΃ΕRINΖ:ŐĪĔÆ
Q̌ȦĎ(M:41/ !"57M�¼�8RIN:ɡŭˁQʣ(� 

 
Ń 2-12� ʔŷƨƞͼ΃ΕRINΖ:ɡŭˁ 

 
͐ƕ RIN:ɡŭ8;ΙʫΊ:ɡŭľQʂ3M�ÇĴɑǺƔŌ4: RIN:ɡŭ8; FFTTw�VfQ-
"�ĴɑǺƔŌ4:RIN:ɡŭ8;RFi�`u��Tw�VfQʂ3M�˃100 kHzQŒ8¤ˡQÌ
3ô M�FFTTw�Vf4RINQɡŭ(MŐĪ;-ø͏[g�id��4ƚŉ}��QͿņ5&3Ġ
Ƴ(Mƹ̊��L-FFTTw�Vf4ĠƳ&-ƨƞͼ΃i�`u�5ɅQĠM"54̌ȦĎ(M�RFi
�`u��Tw�Vf4RINQĠƳ(MŐĪG-FFTTw�Vf:ŐĪ5A5R6Ĭȴ.�-ɡŭľ:
æāV���o�i:ͰÐ�K-¼�:J�8DCͿņQĠƳ(Mͺ;50 �4ˇʳ(Mƹ̊��M� 

 
Ń 2-13� æāV���o�i� 50�:ŐĪ: DC}��:ɡŭȀɐ 

 
¼�4;FFTTw�Vf5RFi�`u��Tw�Vf4:RIN:ȤȾȀɐQ͉@M� 
FFTTw�Vf�4RINQɡŭ(MŐĪ5RFi�`u�Tw�Vf�4RINQɡŭ(MŐĪ54;Ġ
Ƴ(Mt�n�͚�-F-+N,Nø:ȤȾȀɐQĠM�C)FFTTw�Vf�4:ȤȾȀɐQ͉@M�
FFT Tw�Vf�4ĠƳ(Mt�n;ĔÆ�!"#/ !"4�M�ĠƳ&-×Q½8!![!"#]5(M7K<
Ůͺ:ͿņV; 

 ! = 10
!
!" (45)  

57M�ĔÆ;!/ !"4�M�$K8×Q̌ȦĎ(M-F8[g�id��4+:ƚŉͿņ!!"Qɡŭ(
M�¼��KɉFM@�RIN; 
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 !"# = !
!!"

= 10
!
!"

!!"
 (46)  

57M�Ȼ8 RF i�`u�Tw�Vf�4:ȤȾȀɐQ͉@M�RF i�`u�Tw�Vf�4;-Ġ
Ƴ(M×:ĔÆ;dBm4�M�ĠƳ&-×Q!![!"#]5(M7K<Ůͺ:}��P; 

 ! = 10
!
!"! !" = 10

!
!" ∙ 10!![!]! (47)  

4�M�""4ͿņV;}��P5ǙǖRQʂ33 
 ! = !" (48)  

5́*M:4 

 
! = !"

= 10
!
!" ∙ 10!! ∙ !![!] 

(49)  

となる。RFスペクトルアナライザーの内部抵抗が50Ωであることを考慮して 

 
! = 10

!
!" ∙ 10!! ∙ 50 !

= 10
!
!"

20 [!] 
(50)  

となる。これをRFスペクトルアナライザーの分解能帯域幅（RBW: Resolution Band Width）の平方根
!"#で割ると 

 10
!
!"

20 ∙ !"# [!/ !"] (51)  

が得られる。規格化のためオシロスコープで測定した電圧!!"で割ると求めるべきRINは以下のようにな
る。 

 10
!
!"

!!" 20 ∙ !"# [1/ !"] (52)  

ただし、この時の規格化のための電圧!!"をオシロスコープで測定する時はRFスペクトルアナライザーの
内部抵抗と同じ50Ωの終端をつけて測定する。 
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ʵ3ʲ�  
� fiber MOPA:ͮʎ 
 
3.1 Master Osccilator(MO):ͮʎ 
ͤāɑ:äɣ5&3;Ĕ�Øä�1ɸ˕Ɨ7äɣ�̊ɉ$NM�+"4-ǎ�;Fiber DFB��f�Qʂ
33��f�:ĴɑǺũŭĎQ˼03�-�&�&7�K-�SV|���f�;ȹȩʐǠĊʶ8JLƨ

ƞͼ΃����΍�[21,22]-ũŭĎǑɐ5&3ʂ333-�q`V�Ȯó8� MŖ̣ĴɑǺƔŌ5ͤ7
033-�+:ˊλĴɑǺũŭƞ;äɣ:ƨƞͼ΃���8J03��qu$N3&C033M"5�P

�0-�+"4�SV|���f�:»PL8-ƨƞͼ΃�Ç35$N33MĐżÈ��f�Qŗ͟éǠ

ľĎ&Ìʂ(M"5ʒǞ&-�in�[g��n�ΕMOΖ:ËǍQ˼0-� 
ËǍ(Mŗ͟éǠľŋĐżÈ��f�;¥Ƹɑͬ 1030 nm4�U�n�ŋ:G:Q 2ĥËǍ&-�¼�
;ËǍ&-ECLD:ïʖ4�M�éǠľͬ;˃5 cm4¥ŝ:T��:ʸ:¥8�U�n�QæN3ɑͬ
͝ǘ�4�M¸ˈD87033M��U�n�;¥Ƹɑͬ1013�1 nm51031�1 nm:ΙʫΊ�L-Đ
×Ɨ;0.5 nm¼�4�M�¼�8�U�n�:͎͗ɵǀQʣ(� 

 
Ń 3-1 �U�n�:͎͗ɵǀΕ1030 nmΖ 

 

 
Ń 3-2� �U�n�:͎͗ɵǀΕ1013 nmΖ 

 
¼�;ËǍ&-ECLD:Ȳƫ4�M�ECLD15ECLD26/KGɑͬ̔8JLĔ���vʎǠ�ʞ̜4
�33M�&�&-ECLD;ǏLä:Ƭ΄8J03��f�ʎǠɶǇ� ũŭ87LH(3-F-ECLD
óźƱ8TVm��nQǡæ&30~35 dB:TVm��g��QʞÑ&33M�Ǽɹ8J03;TVm�
�g���60 dBƹ̊53�ǞǯG�M�[23]-ɻɶĔ���vʎǠ�ʞ̜4�33M:4-ΘɃ:D:
TVm��g��4Ìʂ&33M� 
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Ń 3-3� ËǍ&- ECLD 

 
¼�8ËǍ&-ECLD:óāɵǀQʣ(�ECLD1;ͱ×�17mA4v�V�Ϳɕ150 mA4ȑŚ77 mW
ƳKN-�LDpq�:i�q`ʐ8;200 mAC4v�V�Ĥ˨.�100 mA¼�:Ϳɕ×4Ìʂ&3
3M�ECLD2;ͱ×˃40 mA4Ϳɕ×150 mA:ȉȑŚ82.7 mWƳKN-�"/KGpq�;200 mA
C4ŷƻ4�M�100 mAC4:ʻł4Ìʂ&33M�ECLD2:ʎǠͱ×8;~i±�giǀ�̋KN-
ͿɕQ�!M530 mAº”C4ʎǠɶǇ�ˏ�ɻ̭�ʞ̜$N-� 

 
Ń 3-4� ECLD1:óāɵǀ� � � � � � � � � � Ń 3-5� ECLD2:óāɵǀ 

 
ËǍ&-ECLD4˕ƗQɡŭ(M-F-ȁŦ:Fiber DFB��f�5:��uÒĨ:i�`u�QĠƳ
&-�˕Ɨ:̚Ï4;ˬƏ͕Ơ�±�oV�ȮɑQ˼�:��˰ʐ4�M�-":Ȁɐ;d~���iQ

ɭ�(-F:͕Ơ�SV|�:̹ͽ4˕Ɨ:ô̒˨�ɌC033M�ECLD76:ɸ3˕ƗQ̚Ï(M-
F8;10 kHz¼�:ô̒˨QǚÑ(Mƹ̊��L-"NQŮɻ(M-F8;�SV|�ͬ;25 kmʪƞ
ƹ̊87L-ɑͬ1 µmʪƞ.5Âǭ¥8ɞ̂$N3ďô7��uÒĨƨƞQƳN735÷Ǿ&--Fȁ
Ŧäɣ5:��uÒĨQĠƳ(M"58&-�Ń 3-68ECLD25Fiber DFB��f�5:��uÒĨ
:i�`u�Qʣ(� 
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Ń 3-6� ECLD5 DFB:��uÒĨ:i�`u� 

 
˕Ɨ̚Ï:�Uq±U�a; 2 ͐L:Ȁɐ4˼033M�Θ1;]WiŋͰǺ8JM�Uq±U�a4-
G�Θ1;����rŋͰǺ8JM�Uq±U�a4�M�˕Ɨ:ȲƫQɌŭ(M:;ÇĴɑǺÛ:ͼ΃

4�L-΍ĴɑǺÛ:Ƭ΄;̋�8�3�Đ×ƗJLɸ3ΉŌ8Ͱ&3;ÇĴɑ:ͼ΃�ǲ͡ʐ4�L-

i�`u�ɑƫ:̈8� 3΍Ĵɑ:ͼ΃�ǲ͡Ǻ(MJ�87M�Ęɽʐ8;˕ƗQɌŭ(M:;˺ä

Ÿķ4�M-F-̞żǵó:ʎä�ˬɮŷǺʐ8ɞž(MŐĪ;-+:���YŖǪ4�M����rŋ

:i�`u��ƳKNM;)4�M�&�&-Ůͺ8;Ìʂ(MͿɕɣHɯ76:±`x\�7ͼ΃ɣ�

ăPM-F-i�`u�ɑƫ;����rŋ4;7�-]WiôƑ8ǲ͡$NMJ�7ǟĊQʣ(���

f�:˕ƗQ̚Ï(MŐĪ;-Đ×Ɨ¼�:ΉŌ4;]WiͰǺ4-̈:͟ô8Ͱ&3;����rͰǺ

4�Uq±U�aòɽQ˼�:�͜ƪ4�M[24]���f�:˕Ɨ:̚Ï�]WiͰǺ4˼PNM:;-�
�f�QÌʂ(M8�-LȑGƬ΄&3�M:�ʚȖʐ7ũŭƞ4�MŐĪ�A5R64�M-F4�M�

""4ƳKN-i�`u��K;]WiŋͰǺ:�Uq±U�a4˕Ɨ˃ 70 kHz-����rŋͰǺ:
�Uq±U�a47 kHz4�0-�"N;Ęɽʐ7˕Ɨ;˃7 kHzʪƞ4�L-Ϳɕɣʶ:Ƭ΄4˕Ɨ
�70 kHzʪƞC4Ɯ�033M"5Qʣ&33M�&�&7�K-�����:ɶǇ4˕Ɨ100 kHz¼
�Q͙Ǎ&33M:4-ɸ˕Ɨ��f�5&3Ìʂ(M8;ďô7i�q`Q͙Ǎ4�33M5̓�M� 
Ȼ8ʔŷƨƞͼ΃(RIN: Relative Intensity Noise):ɡŭˊλQ¼�:Ń 3-78ʣ&-� 
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Ń 3-7� ECLD5 Fiber DFB ��f�:ʔŷƨƞͼ΃ 

 
":ˊλJL-�q`V�Ȯó8� MŖ̣ĴɑǺƔŌ 200 kHz 8˜33 ECLD :ƨƞͼ΃;ȁŦ:
Fiber DFB��f�:ƨƞͼ΃JLĐȧ~1ȧʪƞŽ$3"5�P�M��SV|���f�8;ƿƉ7
˖ĸʎǠ�ʞ̜$NM�-ECLD8;+:ȴŤ;̋KN73��˰8ĐżÈ��f�;�Zu�:Ÿķ�
ͬ3-F-˖ĸʎǠĴɑǺ;GHz:[�o�8�M�":-F100 MHzC4:i}�4;ECLD8˜
33˖ĸʎǠ;ʞ̜$N73�":äɣQʂ3N<$K7MĴɑǺũŭƞĮ��Ȗư4�M-F-ũŭĎ

ʂ:g�väɣ5&3Gďô7ǀ˨4�M5̓�M� 
 
3.2 Pre-amplifier:ͮʎ 
œƗ(Mͺ;3-)K8ć̶Q˼03œƗ&3GˬŇ8óā�ƳKNMP 4;73�ɵ8œƗƞ:Ś�

3(30 dB¼�):œƗ;1Ƀ:T��4˼�5 ũŭĊËH-SNɅ:ĄĎ530-ƢŰ�Ã�"5��M
[25]�șʜʮ4;§��f�:óā�10 mWʪƞ4�L-ʒȵóā�10 W7:4þɃ5ƱɃ:ΙɃ:œ
Ɨȹȳ�͜ƪ4�M5ˠ�-�þɃœƗľ(Pre amplifier)4;óā 500 mW C4œƗ&-ƱɃΕMain 
amplifierΖ410 W:óāQƳM"5Qʒȵ5(M�1030 nm:œƗ8�-L-1030 nmº”8Ś�7
ǵóǾ΂ʭQG1YbΕVq±��W�ΖV[��ɚă$N-�SV|�Qʂ3M�Yb;976 nm8ƿƉ
7Ĳği�`u�QG1-F-΁ƕ8ĈɺJ�œƗ�˼�M��SV|�ˁ;ç3ØɑÑǝ�SV|�Q

ʂ333M�Pre-amplifier4;SNɅ˱�œƗ(M-FþȀć̶Qǥǘ&-�¼�8pre-amplifier:ȳ
ǍQʣ(� 

 
Ń 3-8� Pre-amplifier:ȳǍ 

 
g�väɣ5&3;ECLD:»PL8Fiber DFB��f�Qʂ333M�DFB��f��K:óā;T
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Vm��nQ͐L-ɑͬŘͤ\��ΕWDMΖ8J03ć̶ä5Ĭ�dT8əĪ$NM�+:Ʊ-ùƳ�
SV|�Q͐L-ɂʉć̶äQôͽ(M-F:WDMQ͎͗ƱTVm��n�Kóā$NM�ʂ333M
ùƳ�SV|�; nlightʤ̇:Ybɚăg�a�`�qv�SV|�ΕYb300-6/125-PMΖ4�M��S
V|�:dTƯ;5.5�1.0 µm4`�qvƯ;125�2 µm4�M�dT4:Ĳğ;300 dB/m4NA;
0.12�0.0054�M� 
 
¼�8Ìʂ&-ć̶ʂäɣ:óāɵǀ5i�`u�Qʣ(� 

 
Ń 3-9� ć̶ʂ LD:óāɵǀ5i�`u� 

 
ć̶ʂLD;1.2A4΋Ċ&-ȉ-ȑŚ800 mWʪƞóā$NM�-ȑŚi�q`4;Ìʂ*)1A4Ì
ʂ&33M�1A4G˃700 mWóā$NM-F-��T��:ć̶ʂ}��5&3;ďô4�M� 
 
3.2.1 ùƳ�SV|�ͬ:g����g��5\qu|q` 
Ȼ8�SV|�ͬ:g����g��Q˼0-��SV|�œƗľ;g�vä:óāH-ć̶ä:óā7

68JL-ȑ͜7�SV|�ͬ�ŖĎ(M�""4;g�väóā10mW4ć̶äóā700 mW4ȑ͜
7�SV|�Qg����g��&-� 

 
Ń 3-10� �SV|�:ȑͬ͜g����g�� 
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"N;ȷ̿��SV|�:ͬ$4-̇ ̿�ȑŚóāQ́&-Ń4�M�g����g��:ˊλ1~2 m4
ȑŚóā500 mW�͙Ǎ4�M"5�P�0-�Ůͺ:ȑͬ͜Q̣@M-FùƳ�SV|�Q\qu|q
`&7�KóāQ̣@-�Ń���	
 	
 8+:ˊλQʣ(�ʒȵ×4�M500 mW8;ěR4373�-˃ 160
:ȉ8��`Qǝ1ȳ͒�ʞ̜4�--F-""4\qu|q`Q¥Ƚ&-� 

 
Ń 3-11� \qu|q`8JMȑͬ͜5óā 

 
ʒȵóā8;Ƃ�7�0-Ęŀ5&3;-g�vä:óā�Ʀ3"55�SV|�:ͬ$�ȑ͜473Ĥ

˨ǀ�ˠ�KNM�g�vä:óā;10 mW4g����u&33-�-Ůͺ8;6 mWʪƞ.0--
F-":Ƭ΄�Ś�35ˠ�KNM�g�väóāQ6 mW5&3g����u&-ˊλQŃ 3-128ʣ
(�"N�Kg�vä:óā;Ś��ͰÐ&33-"5�P�0-�-Îɮ5&3˳ƙ:©ͽ��M�"

:Ęŀ5&3;�SV|�ͬ:ȑ͜Ď� ďô.0-Ĥ˨ǀ��M�T��Ʊ:ɂʉć̶ä�ʞ̜4�7

�0-:4-\qu|q`:Êň;C.�0-5ˠ�KNM� 

 
Ń 3-12� �SV|�ȑͬ͜g����g��(6 mW) 
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3.2.2 óāɵǀ5i�`u� 
ȑˇʐ7óāɵǀ5i�`u�;¼�:Ń 3-138ʣ(�ȑŚóā;428 mW4i���Ĉɺ;˃60.3%
570-� 

 
Ń 3-13� pre-amplifier:óāɵǀ5œƗƱ:i�`u� 

 
dTć̶Q˼7033M8&3;œƗĈɺ;˱�73�-œƗƱ:SNɅ5&350 dBQ͙Ǎ&33M-
F-þɃœƗľ5&3:ǀ˨5&3;ďô4�M�ØäɗäɅG20 dB¼�ʞÑ$N33M"5�ʞ̜4
�-�œƗƱ:ƨƞͼ΃;ć̶äɣ:ƨƞͼ΃8JLÇĴɑǺƔŌ4ĄĎ�̋KNM� 

 
Ń 3-14� Pre-amplifier œƗƱ:ʔŷƨƞͼ΃ 

 
 
3.3 Main-amplifier:ͮʎ 
3.3.1 Main-amplifier:̖̔5˻ʗȜ¾ 
Pre-amplifer4:óāQ10 W C4œƗ(M-F8ƱɃœƗľΕMain amplifierΖ:ͮʎQ˼0-�¼�
8œƗľ:ȳǍQʣ(�ƱɃ4;þɃ�K:óāQd�|VwQʂ33ć̶ä5əĪ$*M�d�|Vw

�;ÒĨäQdT8-ć̶äQ`�qv8\q��$*M˅Ť4�M�Pre-amplifier:dTƯQ˃6 µm
4ˍ�&33--F-d�|VwGdTƯ6 µm:G:QÌʂ&33M�&�&-ùƳ�SV|�:dT
Ư�10 µm4�M-F-d�|Vw5ùƳ�SV|�:˻ʗɫ4��v�U��vƯΕMFDΖ�Ś��
ʌ7M� 
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Ń 3-15� Main-amplifier:ȳǍ 

 
¼�8Ìʂ&-ć̶ʂLD:óāɵǀ5i�`u�Q́*-�ć̶ʂLD;þɃ5Ĭ'�976 nm¥Ƹ4
óā� 16WC4óā4�MG:QÌʂ&-�Ůͺ8;Ìʂ(Md�|Vw:}��ˢǀ� 15 WC47
:4-15 W¼�4Ìʂ&-� 

 
Ń 3-16� Main-amplifier:ć̶ʂ LD:óāɵǀ5i�`u� 

 
ƱɃ4;΍óāĊËQ$*M-F-o��`�qv�SV|�Qʂ3-`�qvć̶4œƗ&33M�̞

ż���T�ǹ«ΕSBSΖ:ʎʁQ͞ M-F-dTƯ;10 µm8&33M�SBS:ͱ×;dTƯ6 µm
:ŐĪ.52.7 Wʪƞ4�M�-dTƯQ10 µm8(M"5412 WʪƞC4�Ȅ$*M"5�4�M�
&�&-dTƯ:͚��SV|�Ĭŕ:˻ʗ;˻ʗǬŞ�Ś��7MĤ˨ǀ��M�̔ʹ(M5ǬŞ;

0.8 dBʪƞ4�M5Ȳʹ$N-� 
ƒŅΊ�ɚă$N-�SV|�;�˰:�SV|�8Ʌ@-ǵͿ8JMdTǜǹ�̶"LH(3-F-˻

ʗ;ǈͤ8˼�ƹ̊��M�˻ ʗȜ¾Q̣@M-F6 µm510 µm:�SV|�:˻ʗQǵͿȉͯQŖ�
3-+:ͺ:͎͗óāQɅ̀&-� 

 
Ń 3-17� ˻ʗȜ¾ 
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˻ʗȜ¾5&3;1000 ms�K4000 msC4:ǵͿȉͯ4˼3-Pre-amplifier�Main-amplifier:ù
Ƴ�SV|�Q͎͗&-Ʊ:óāQͪ̕&-�ǵͿȉͯ8JLóāˬÈ8ȓǅ7Ǝ;̋KN7�0-�-

3000 ms¼�4˻ʗ&-ŐĪ;�SV|�QȎ!-ͺ8óā�Ś��ŖĊ(M53�ɻ̭�̋KN-�"
N;dTǜǹ8J03`�qv8\q���a(Mä�œă&--F5ˠ�KN-�Ʋ03˻ʗ;2000 
ms¼�:ǵͿȉͯ4˼�:�Šƪ5ˠ�-Ůͺ:˻ʗ;1500 ms4˼0-� 
 
3.3.2 Main-amplifier:g����g��5\qu|q`8JM�SV|�ͬȑ͜Ď 
Ȼ8ȑ͜�SV|�ͬ:g����g��Q˼0-�ÒĨäóāQ200 mW-ć̶äóāQ15 W5&-
ˊλQ¼�8ʣ(� 

 
Ń 3-18� �SV|�ȑͬ͜:g����g�� 

 
"NJL-ȑ͜7�SV|�ͬ;˃4 m4�M"5�P�0-�":ˊλQá8Ůͺȑͬ͜Q̣@M-F
\qu|q`Q˼0-�¼�8+:ˊλQʣ(� 

 
Ń 3-19\qu|q`8JM�SV|�ͬ:ȑ͜Ď 

 
˃3.85 m4ȑŚóā10.1 W�ƳKN-�ȑͬ͜ʐ8;g����g��8”3×570-�-óā8©
ͽ�̋KN-�d�|Vw:}��ˢǀ�15 W4�M-F-Ůͺ:ć̶;14 W4˼033--F-14 W
4ć̶&-ŐĪ:g����uG˼3-+:ˊλQ¼�:Ń8ʣ(� 
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Ń 3-20� �SV|�ȑͬ͜g����g��(14 W) 

 
14 W4ć̶(MŐĪ;Ĭ'�˃4 m:�SV|�ͬ411 WƳKNM̔ʹ87L-g����u5:̟
Ǝ;˃10%ʪƞ870-�ÎɮŦŇ(M˳ƙ:©ͽ;g����u:ͺ8˕ƫǬŞQˠǉ&7�0--F
�-ÒĨä�G05Ʀ3"58JMG:5ˠ�KNM�&�&-ʒȵóā:10 W�͙Ǎ4�--F\q
u|q`;¥Ƚ&-� 
 
3.3.3 óāɵǀ5i�`u� 
¼�8óāɵǀ5i�`u�Qʣ(� 
 

 

Ń 3-21� Main-amplifier:œƗɵǀ5i�`u� 
 
"NK�KȑŚóā;10.1Ε14.3 Wć̶Ζ4œƗƱ:SNɅ;ĄĎ&-G::40 dB¼�ʞÑ4�33
M"5�P�M�i�`u�8�331040 nmº”8�Mȳ͒;Yb:ˬɮǵó8JMASE4�M�ʒ
ȵ×:10 WQ͙Ǎ(M"5�4�-�óā;˕ƫ8�Uq±U�a4�33M"5�K-̞ż���T
�ǹ«ΕSBSΖ:Ƭ΄Qġ M"57�œƗ8ǍĂ&33M"5�P�0-�C--óā:ũŭǀQ̚Ï
(M-F8-óā:ȉͯŖĊQͪ̕&-�ˊλQ¼�8ʣ(�¼�:Ń;8 W4ĊË$*-ȉ8˃2500
ʨ8ɟ03ɡŭ&-ˊλ4�M�óāŖĊ;ΙΔ¼ì4�L-óā;ũŭʐ8ĊË&33M"5�P�0

-� 
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Ń 3-22 óā:ȉͯʐũŭǀ 

 
3.3.4 ƨƞͼ΃i�`u� 
ʔŷƨƞͼ΃(RIN)Qɡŭ&-�œƗƱ:RINQ¼�8ʣ(� 

 
Ń 3-23� œƗƱ:ʔŷƨƞͼ΃ 

 
Ń:̵˕;œƗþ: fiber DFB��f�:RIN4-΀˕�œƗƱ:RIN4�M�œƗƱ;ć̶äɣ:ͼ
΃�ǲ͡ʐ87M-FÇĴɑÛ:ͼ΃�œă&33M�&�&7�K-�SV|���f�;áJLƨƞ

ͼ΃�΍3-F-œƗƱ:ͼ΃œă;ƶŽ4P�L8��7033M� 
 
 
3.3.5 �SV|�:Ȏ!8JM��vǻƫ 
main-amplifier4;dTƯ� 10 µm:�SV|�Qʂ333M-F-�SV|�¥:Âǭ��v�Ř�
�vĎ(MĤ˨ǀ��M�Ůͺ8V}���n:×G 2.444�0--F-LP11��v�əŇ&33MĤ

˨ǀ��0-�ËǍƪö;���Ĺ̴Q́(M2:×�1.214�0--F-H;L΍Ȼ��v:əŇ�Ǩ
ŵ4�-�+"4�SV|�QȎ!M"58JL+:ǕņQŃ0-�C)-Ȏ!ĐƯ5ǕņùƳ:ͰÐQ

g����u&-ŚC�7�-LQ1 M"58&-�¼�8g����g��:ˊλQª*M� 
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Ń 3-24� �SV|�:Ȏ!8JM΍Ȼ��vǕņùƳ:g����g�� 

 
�:Ń;ȷ̿�Ɛ�Ư4-˙̿�ǬŞQ́&33M�Ń:΀˕;LP01��v:[��h˕;LP11��v

:ǬŞ4�M�ŭǀʐ8;Ȏ!ĐƯQŚ��&33�5ǬŞ;ɞž&-Ž$�&33�5œă&33M"

5�P�M�C--΍Ȼ��v4�MLP11:ǬŞ:Ȁ�ȑÇȻ:��v4�MLP01��vJLçÈʐ8

ǬŞ�΍3"5GP�M�":ɵǀQùʂ&-ȑÇȻ:��v;Ǖņ$N)-΍Ȼ:��v8:DǬŞ�

ăPMȜ¾QǦ(�Ɛ�Ư�100 mm:ȉ-LP11��v:ǬŞ;0 dB87M"5�K-":Ɛ�ƯQŒ
8΍Ȼ��v:Ǖņ�šCM"5�P�M�+"4-Ɛ�Ư�80 mm-100 mm-Ɛ�73ŐĪ8Ͱ&3
óź��v:Ʌ̀Q˼0-� 

 
Ń 3-25� Ɛ�Ư 80 mm :ȉ:ŮΌˁ 

 
Ń 3-26� �SV|�:Ȏ!8JM��vǻƫ 

 
¼�:Ń�KP�MJ�8-Ɛ�Ư:ŖĎ8JLóź��v�ǻƫ$N33M"5�P�M�C-���

Ĺ̴Q́(M2;x̿5y̿1.0151.034�L-΁ƕ8���Ĺ̴:˱3äɣ�ƳKN-� 
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Ń 3-27 ��vǻƫƱ:���Ĺ̴:ɡŭ 

 
C--�SV|�QȎ!-"58JMǬŞ8JMóā:ɞž�ǌƽ$N--F��vǻƫþƱ8� Mó

ā:ŖĊQ̣@-�Ń 3-288+:ˊλQʣ(� 
 

 
Ń 3-28 ��vǻƫƱ:óāɵǀ 

 
�Ń8�33-΀˕���vǻƫþ:Ɛ�Ư 120 mm :ȉ:óāɵǀ4-̵˕���vǻƫƱ:Ɛ�Ư
80 mm4:óāɵǀ4�M�óā8©ͽ;̋KN73-F-œƗɵǀQĄĎ$*M"57�ȷ��v:Ĕ
�Ď8ǍĂ&-5̓�M�":ˊλ�KGP�MJ�8�SV|�:Ȏ!8JM��vǻƫ;-ǬŞQ¡

�33M:4;7�΍Ȼ��v:ÂǭȜ¾QƊ&3Ǖņ(M-F-óāˬÈ8Ƭ΄;7�-E&Oōș�

�v8ùƳ�ͻ¥(M"5�ʞ�FKN-� 
 
 
3.3.6 Øäɵǀ 
ͤāɑʂ:äɣ5&3Øä;ͤ̊7̊˅4�M�ʵΙ΍̣ɑQƳMͺ8GØä:ŖĊ;óā8ʓˊ(M� 
ØäɵǀQ΍FM-F8ØɑÑǝ�SV|�ʂ3-MOPA QËǍ&--F-+:œƗ8Ã�Øäɵǀ:
̚Ï5&3ØɑɗäɅ5Øä:ȉͯǫK�:ɡŭQ˼0-�ØäɗäɅ; 20 dB¼��M"5�0-�-
ȉͯ8J03 ũŭ7:5óā8J03Øä�Ŀ03&C�53�ɻ̭�ʞ̜$N-�"N:Ęŀ5&3
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y = M1*sqrt(1+(M2*1030.05*(M...

ErrorValue

0.784956.65m1 

0.0133731.032m2 

0.1058639.915m3 

NA558.49Chisq

NA0.99917R

y = M1*sqrt(1+(M2*1030.05*(M...

ErrorValue

0.6116471.425m1 

0.00790671.0093m2 

0.1361240.322m3 

NA423.15Chisq

NA0.99867R
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;�SV|�:Ȏ!8J03ØɑÑǝ�SV|�8͗ƞ:ƻā�ăPL-Øä�Ŀ̾&3&C033M"

55-dTƯ:͚�˻ʗ:ͺ8Øä̿�)N3&C033-Ĥ˨ǀ:Ι͐L�ˠ�KNM�-Ęŀ:õL

ô ;4�3373�ŮΌ:ͺ;Ιȡ:ɑͬȟQʂ3M"54Øä:ȑ͜ĎQ+:͠ƞ˼37�K˼�ƹ

̊��M�¼�8Øä:ȉͯŖĎ:ˊλQʣ(� 

 
Ń 3-29 Øä:ȉͯŖĊ 

 
�Ń;Øä:ȉͯŖĎQ̌ȦĎ&-+:ȉͯŖĊQ̺͊&-Ń4�M�ɡŭ8�-L¼�:J�ŮΌˁQ

Ìʂ&-�Øä���i��qn�ΕPBSΖ4PØä5SØäǍô8ô -+N,NQΙĥ:�ZutU
±`nΕPDΖ4Ȯó&(M�SØäÛ: PD4Ȯó&-Ϳņ5 PØäÛ4Ȯó&-Ϳņ:ĸQʂ33 S
ØäǍô:Ϳņ5:ɅQĠM"54̌ȦĎQ˼0-�ˊλ5&3;˃Μôͯ:ɡŭ8ŷ&3ΜΔʪƞ:Ŗ

Ċ�̋KN-�"N;�7LŚ��ʵΙ΍̣ɑ:óā8GȑÇ":ʪƞ:ŖĊ�ʎʁ(MĤ˨ǀ�ʣļ$

NM� 

 
Ń 3-30� Øä:ȉͯŖĊ:ɡŭˁ 
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ʵ4ʲ�  
� 515nm:΍óāĎ 
ʵΚʲ4ËǍ&-MOPAQʂ33΍óā7515 nm:äQƳM"5QʒǞ(�șʜʮ4;͢Ď�ayg
W��ɚă$N-ĴȖôωĞ̾LNˊȌΕPP:MgOLNΖQʂ33�LˊȌͬ;20 mm4�M� 
 
4.1 ʵΙ΍̣ɑʎʁΕSHG: Second Harmonic GenerationΖ 
¼�8ʵΙ΍̣ɑʎʁ:ŮΌˁQʣ(�PPLN8;Øäɵǀ��L-SØäǍô:D&�ɑͬŖǪ$N7
3:4-PBS8JSØä:DQĠLó&33M�C--PBSQ͎͗&3�MPØäǍô8Ͱ&3;}�
���nQʂ33ƕ8}��QĠƳ&-PØäǍô�ȑŽ87MJ�8	/4,	/2Q̣ʺ&33M�Ìʂ&
33M PP:MgOLN ;ˊȌͬ 20 mm 4Ǿ΂ʭ�(0.5�0.5)mm24�M�ˊȌͬ�ɌC033M:4

Boyd-KleinmannȎ˕Qʂ33ȑͬ͜Qʹó(M"5�4�M�̔ ʹ8J03ƳKN-ȑ͜���ĐƯ;

34µm4�0-:4":º”Q¥Ƹ8ŮΌQ˼0-�C-PPLN;ɠƞ8JLǻĪQĠMƹ̊��LŮΌ
ʐ8ƳKN-ɠƞǻĪȜ¾;69.6�4�0-�&�&7�Kōșä:}��8J03":ǻĪɠƞGg�
u&33�-F-óā8ƻ'3+:͠ƞȑ͜ɠƞQp��x�a(Mƹ̊��M�ˊȌ?:æź; f=100
:Ιȡ:��jQʂ33���ĐƯ25µm8&-ȉ8ȑŚ:Ĉɺ�ƳKN33M� 

 
Ń 4-1� ʵΙ΍̣ɑʎʁ:ŮΌˁ 

 
¼�8ˊȌ:ɠƞɵǀQʣ(� 

 
Ń 4-2 PPLN :ɠƞɵǀ 
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PPLN:ɠƞɵǀ5&3ɵƷʐ7eVvWU�a:ȳ͒�̋KNM�ɠƞ:̗űƗ;1.2�4�0-� 
¼�8ƳKN-ʵΙ΍̣ɑ:óā5ŖǪĈɺQC5F-� 

 
Ń 4-3� ʵΙ΍̣ɑóā5ŖǪĈɺ 

 
�Ń:[��h˕;Ůɡ: SHG óā4�L-̵˕;ŖǪĈɺ� 3%/W 5&-ȉ:óā:ɽ̥˕4�M�
C--Ɉ˲˕;Ĉɺ:ɽ̥˕4�L-ɩ3΀˕;Ůɡ:ŖǪĈɺ4�M� 
ȑŚóā;ōșäóā˃8W:5�81.2W��KN-Ĉɺ;˃15%4�0-�C-Ĉɺ:Þ�;˕ƫ”
Å×41.9%/W570-�ʒȵ×4�MΙW8;ěR4373�-B-DECIGO:óā̊ɉ4�M1W;
͙Ǎ(M"5�4�-�΍ĈɺĎ:ʪƞQʘM-F-ȑŽ���ĐƯ5+:ȉ:ȑŚĈɺ:ͰÐQ̣@-� 

 
Ń 4-4� ȑŽ���Ư5ŖǪĈɺ:ͰÐ 

 
ȷ̿; PPLN ˊȌ8æź$*33M���:ȑŽ���ʓƯ4˙̿;ōșä}��4̌ȦĎ&-Ĉɺ4
�M�¼��K-���ƯQŽ$�(MA6Ĉɺ���M53�"5�P�L-ŖǪĈɺ:ɽ̥5�˭�

̋KN-�&�&7�K-Boyd-kleinmannȎ˕�Kʹó&-���Ư5;˳ƙ:©ͽ�ŦŇ(M�șʜ
ʮ4���Ư50 µm4ͻä$*-ͺ:ˊȌʳº”4:���Ư;˃250 µmʪƞ87033M����Ư
QˋM5+:ôʎǹ̑�Ś��7M53�Ęɽʐ7ɵƷ��M-F-¶Ŀ:J�8ˊȌͬ�ͬ3ˊȌQʂ

3MŐĪ;-ˊȌʳº”4:���:Ɯ�L8JL-Ĉɺ��CL��K73:4;73�53�ǌƽ�
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�0-�&�&-Ń 4-4:ˊλ�KˋL͆D8JMĈɺ:ĄĎ;̋KN73"5�÷ȅ&-�E&O��
�ƯQŽ$�(M8Ʋ03ΙȻͰǺʐ8Ĉɺ:�Ȅ�̋KN--F-$K8���ƯQŽ$�(M"58

JLĈɺĮ�:Êň��M5ˠ�KNM�
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ʵ5ʲ�  
� C5F 
 
ͤāɑ5;ȉʯ:ɀD�ɑ5&3Âǰ(Mɻ̭4�L-+:͎͗ǀ:΍$I�-öȖŨŬ:̒ȅHͤāɑ

śǼŧ:ʎƃ�Ȗư$N33M�ͤāɑȮó8;΍ǆƞ7�Vb�m�ƙɝ̔�ƹ̊4�L-ň�ŋ5Ũ

Ŭŋ:Ȯó̔ʇ�ŦŇ(M�":�/Ȃș4:Ȯó̔ʇ8 DECIGO��M�"N;Κĥ:´ƌ˾ȆQǒ
/�!-ŨŬʯͯ4�Vb�m�ƙɝ̔Qȳʼ(M̔ʇ4�L-0.1~10 HzƔŌ4:ͤāɑ:ȮóQʒǞ
&33M�΍3ȮóǆƞQŮɻ(M-F8äɣ8;΍3ĴɑǺũŭƞ5ƨƞũŭƞ�ɉFKNM�ă�3-

g�quͼ΃8JMƙɝ̔ǆƞ͵ʈQÇɞ$*M-F-΍3óā�ɉFKNM�ƹ̊óā; DECIGO4
10W-þĻ̔ʇ4�MB-DECIGO4; 1 W 4�M�C--ŨŬʯͯ4ĊË$*M"5G�L-Žŋ4
ȹȩʐũŭǀ�΍�-ŨŬ˕̃ɰˢǀQǝ1äɣ4�Mƹ̊G�M� 
� șʜʮ4;-ƨƞ�ũŭ4¢1΍óā7 515nm:äɣ:ͮʎQ˼0-�ʒȵóā; B-DECIGO:̊
ɉ×Q�ĿMΙW5&-�515 nm:äɣQ΍óā8ƳM-F8;ɑͬŖǪ�ƹ̊4�M-F-ōșä4
�M 1030nm:œƗˁQͮʎ&-�ĴɑǺũŭƞQːǝ&-œƗQ(M-F�SV|�Qʂ3-MOPA
ΕMaster Oscilltor Power AmplifierΖgi±�Qǥǘ&33M�MOPA;�˰ʐ8ĴɑǺɵǀ:ĄĎ7
�œƗ�Ĥ˨4�M�$K8ä�SV|�QùƳţ̴5&3ʂ3M"54-΍Ĉɺ¢1���Ĺ̴:˱3

äɣ�ƳKNM�ͮʎ&-œƗˁ8J03 1030nm4 10.1W:óāQ͙Ǎ&-�Ĉɺ;˃ 70%4�L-
���Ĺ̴Q́(M2:×;1.1ȗɢ570-�ç3:�SV|�QØɑÑǝ�SV|�8&-"58
J03-ØɑɗäɅ; 20dB¼�Q͙Ǎ&33M�óāG˃ 20ô:ɡŭ8ŷ&3 2%¼ì:ŖĊ&
�̋KN7�0-� 
� ʵΙ΍̣ɑʎʁ8J03515 nmQʎʁ$*-�ɻŇóā;ōșä8W8ŷ&31.2 W�ƳKN
3�L-ʒȵ×4�M2W8;ěR4373�-B-DECIGO:óā̊ɉ×;͙Ǎ&33M�Ĉɺ;
1.9%/W4�L¶Ʊ$K7M΍ĈɺĎ:Êň�ɂ033M� 
� ¶Ʊ;΍óā8ʵΙ΍̣ɑ:ƨƞũŭĎQ˼3-ũŭĊË(Mäɣ5&3:ŮɻQʒǞ(�Żȝʐ8;

d~���uˊĪǔ˽8JL}��:ib���aĤ˨7ũŭäɣ:ͮʎQ˼033�¬ŭ4�M�
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̩̈́ 
șʜʮQ˼�8�-L-Ř�:Ȁ�8#ēā3-.�C&-�":ŐQÖL3ǆ̩ʅ&�!C(� 
� ǞżǸĺ4�MȿˡɢñǸǤ8;��f�:ōʢ�K�Ŷ8#Ǟż3-.�-É ˬʄ:73ʜʮʀŒ

Q¡�33-.�C&-�l�768�33Gʐʞ7ą̓Q3-.�-ŧìHŧÁʎ́:˗˟G̼̏8Ǟ

ż&3�.$3C&-�C-ãʁ:ʜʮ8ĠLˈEŢČ;ŚŖĉƨ87LC&-�ȕȃ��Kř͕�C4

ʜʮɔĊ8č&Eãʁ:ŢH-ʜʮ:"58Ͱ&3ǃɯʐ8�1ȱ&+�8̛$N33MŢ8ÉƞGΑ˯

$NC&-���Mʒʐ8ŷ&3ȑʚ4-6Lʗ MP 4;73�E&O͛ĿLQ&7�KʒǞ("5G

Śõ4�M153�ãʁ:�̓˸;�ʁƺNC*R�ʜʮ8�33G͔̻Ɍŭ8Ͱ&C&3G":̓˸8

ŚŖǷPNC&-�ʜʮˡ53�^��T:͝ǘGȿˡãʁ:#Ǟż��0-�K"+4�-͝ǘ.0-

:.5ƾ3C(�ǠL͈03DM5�053�ͯ4&-�-ŚŖâŮ&-ΚƛͯQ͗#$*33-.�C

&-�ƸJLǆ̩ʅ&�!C(� 
� ¥Ƌ̳�ǸǤ8;��f�HĿ̻8Ͱ&3΁ƕ8�Ŷ8Ǹ�33-.�C&-�ɽ̒:͕3ʦ8G̦F

)8Ǹ�3�.$3C&-�ɵ8ECLD:ËǍ8Ͱ&C&3;ŘŚ7M#ąāQ3-.�C&-�ãʁ:
#ąā7&8;""C4ʜʮ:ɽ̒QɘFM:;Ł;.0-5ƾ3C(�ƕ8ʐʞ7ãʁ:ą̓;ŚŖ̰

ͤ7ǅ̋4-+:͠ƞŘ�:"5Qŧ<*33-.�C&-��L�5�#%3C&-� 
� ʿʃµ˂ǸǤ8;ŮΌ:D7K)Ǥȯʶ4ŚŖ�£̛87LC&-�ETL4;6R78±ˆ7̴Ľ8G
�Ŷ8Ŀʷ&3�.$L-̼”7G:4G53Gˮĵɘ3ŮΌ�4�M"5QǸ�33-.�C&-�

ETL :D7K)-d���HV�iu�`n�̨˟:ͺ8GŮΌ:k�i�73ʦ8̦FM"57�-
ȴ�7̄˜HŮΌ:Ęɽ5¸ˈDQΘ1Θ1�Ŷ8Ǹ�33-.�C&-�ÉQˤ33Gʐʞ7͈ʷQ�

.$Mʿʃãʁ5-ãʁ:ʜʮ8ĠLˈEŢ8;ŚŖŘ�:"5Qŧ<*33-.�C&-��L�5�

#%3C&-� 
� ʏƋȊñǸǤ8;ŮΌ8ƹ̊ ĤȺ4�0-˻ʗľQƼ�̱&33-.�C&-�":̄˜7&8;ʦ

:ʜʮ; Ĥ˨4&-�ǆ̩3-&C(� 
� ¦Ɏ;M�ñǸǤ8;-��f�ȫ:ƌ­Ȗͯ8GŮΌ4�MʀŒQǻ�33-.�C&-�Κ�Ȓ8

ě>ƌ­Ȗͯ¥G ˬʄ7�ŮΌ�˼�-ŧÁʎ́8Gęă(M"5�4�-:;¦Ɏãʁ:�Ͷ4(�

șƪ8�L�5�#%3C&-� 
� Ĭʜʮů:ã̓Ȁ8GŚŖ�£̛87LC&-�ĕŕ̢ʪ:ȘȾã̓8;Ĭ'ʜʮa���5&3ŘŚ

7#ąāQ3-.�C&-�ʦ�ŧ͟Λƛʁ:ȉ8;�ZutU±`n�:ËǍHɵǀ̚Ï76ŮΌ:3

O;QǸ�33-.�C&-�ûƴl�HÒĨĠƳl�4;ûƴɽ̥:ōʢQΘ�K�Ŷ8̠̒&33-

.�C&-�ȪƋã̓8;ʜʮ8Ͱ&3ȴ�7ʔ̤8Ƽ�ʷ�33-.�C&-�ɵ8ä�SV|�H˻

ʗ-�SV|�T��8Ͱ&3Ř�:"5QǸ�33-.�C&-�ʦ:ʜʮôͥ8Ͱ&3΂ʏ3̥ǼH

ǔ˽��M5̫̥Q&3�.$3C&-�C--ȪƋã̓:ʜʮ8ĠLˈEŢČ;Θ´:ʜʮˡ5&3:

�M@�Ţ4�0-5ƾ3C(� 
� đȯ$N-ɛɈäã̓8;-đȯ&37�ʜʮ8Ͱ&3ȴ�7Tv|ViQ3-.�C&-�ʵΙ΍̣

ɑʎʁ:ŮΌ:ͺ8;ˊȌ:Ǔ3Ȁ�K-+:óā:ɵǀHóā8Ƭ΄QěB(Ęŀ76�Ŷ8Ǹ�33

-.�-ŮΌ8Gº�Ī033-.�C&-�ǆ̩˭&C(�Β˹ɒƚã̓8;đȯƱGʜʮ:ʔ̤8ª

033-.�C&-�Β˹ã̓:̬Ŵ7ʘ̪5ʜʮ?:ŢČ;)05ʦ:ʒȵ4&-�ȗ.Β˹ã̓8;

͛�ě<73ʦ4(�-¶Ʊ;Ĭ'Áʤ:�ĺ5&3Β˹ã̓8͊31 MJ�ˀ͔&33�-35ƾ3

C(�¨Ñã̓8;�SV|�œƗľH+:g����g��8Ͱ&3ʔ̤8ª033-.�C&-�5

3G±ˆ7ʦ:̴Ľ8G̼̏8703�˔8ˠ�3�.$3C&-�đȯ$N-ƱGƞ�͓ˌQ3-.�-

ʜʮHſɔ:ʔ̤8ª033-.3-"5ǆ̩˭&C(� 
� Ĭʜʮů:ĬȖ4�M̵̋į5ηͳ$R8Gʜʮ8Ͱ&3Ř�Tv|ViH̫̥Q&33-.�C&-�

ç�ͰÐ:73ʦ:ʜʮ8G�˔8ˠ�3�N-"54""C4ªL̸�KN-:.5ƾ3C(��L�
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