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a) Birefringence Bragg Binary (3B) grating6bc=d 

? FG6ef3ghijkl3B gratinghmnopq)rstpuQv6wx&'ySz{HIkl|

FGh}~��Volume binary grating�����{��45��,2�m�456�6�v��� 1�m

6���p��pN���JST A-Step�����������h jkl|HIklFG2345�

45¡¢Nr£¤y¥¤¦§h@kly¨©ª«¬�45¡¢Nr£¤«®20¯30°£¤yFG�°

±²³´�¢µy¥¤kl�¶ 1�|·¸¹º»¼½¾¿Àp�)60ÁÁÂÃhj�{23./hÄ

ÅklvÆÇ�¶ 26SÈyFG6¥¤£¤vÉÊËÌ£¤6./�-�Æv�0zl|²R�ÍÃ

ÎÏ45¡¢Nr£¤yFG�¥¤klÐÑy�SÒÁ6./� 0%�P ÒÁ6./� 450nmyR�

{ 20~30%y²�vÓÔ¨«�{��|Õl�Öa×Øy×ÙhÚÛ��ÆvySÏ�FGvÜÝ4

56Þß6f3/�ÉÊàá��lâyãÎk6äy²�Ævhåækl| 

 

    

? ¶ 1 FG2345�Birefringence Bragg Binary (3B) grating�6 1ç23Á6ÒÁ�è)P| 

? ? é�êÚ�45¡¢Nr��6ëì£¤vËÌ�íîïðyñò��óô�êÚ�ÒÁ£õ| 



? ?  

¶ 2FG23456ÒÁ23./|ö�÷°./6øùúïû|ü�êÚ�45¡¢Nr£õ�é�

êÚ�FG6¥¤£õ�é�ýþ�ÄÅÿh!"kløþ| 
 

? Õl�FGh#������6ÜÝ2345$%£g&G'(6%£g[)npujOPQNvk

{�*+X;°,��(¢�-)Nq).6Í/hijk{LMNOPQN6ÜÝ2345hHIk

l|01�45�� 2, 3, 4�m6 323�-�p4p5Q6)Q�L&S�1:1645� 17y89��

l*Q¢h:Ï{�6��� 5~10�mBÂ6ÜÝ456HIh;zl|kk���íîÕ�<_k

²�ÐÑ�¶ 3=�$íîv6>?g�@A{45�B�{kÕ��÷CDE²WXhÓF�Æv�

GH�Izl|JÆ��OPQN6K�Lu6�IMvNO��lây45�� 20�m�L&S 1:16

*Q¢hj�{�6��� 100�mBÂ6ÜÝ45hHIkl|¶ 3ö�*Q¢6àPhQÁk{H

Ikl45�� 20�m 6ÜÝ23456RST×5UVWXY�I�|íîh 30Z[\{]^kl

lâ�_^��l�6`a 46.7mm«�6��� 46.7/sin30=93�m�I�Æv�0zl|K�Lu

6�IMvNO��v�6bðycd6ÈeÏ�fg{��Æv�ªzl|hi�45��$Èe

Ï6^j�OPQN6kl$1mnhJK��lâ6Á,ÃÄjy 10o10¯20o20 [mm] BÂ6p�

o645�� 20�m6ÜÝ2345hHIq�I�| 
 

b) rsµ456 Immersion grating 

? ÷t 10u6v&Gw�4³p5X]6xy�DzÕkA�-{Â�|}6d²�[p5~r$

��N�NO��K��ì�±�SÈy²zl|v&Gw�4³p5X]yS�rsµ456

Immersion grating 6Ýµ{Â$WX��hJK��lây§�,&'� ¼½Á,ã578n

).v6wx&'ySÏ÷�6v&Gw�4³p5[p5~r�¶ 4=�$ V��N�¶ 4q

��¶ 4ö6SÈy�6�A����¼yV�²ð�Ï�@��{���h��è)Nr{Â6

�{>WXby��\{��r*�Z.$m��píîyV�6UVWXh;zl| 
 

? ?  

¶3 LMNOPQN6-4Q6¢NÜÝ456UV��ÃÄÅ�=�v×5UVWXY�ö�| 

=,45��2�m�L&S 1:1|����lây�å²��6ÄÅ�GH|ö,45��20�m�L&S 1:1�

�6��93�m|q�6��OPQN6����6���hÄÅ��lâ6*Q¢Q�P| 



   

¶4 v&Gw�4³p56[p5~r�=�v��N�q��ö�|q�6¶ð��26WX=Yy

j�lw�4³p5��N|ö6×5UVWXY�R��N6¼½P0| 
 

? HYWX6&"�¼;&'yR�{�gWX³)56��ÿv��{��UÏ��� 0.2�m

yR�{v&Gw�4³p56[p5~r�v��¶5=�vV��N6�¬�6ÐÑyR�{¨

�r*�Z.vm��p6�¬�¨ ¡²ïð¢��£«��Æv�0zl|�«yUÏ��� 

0.5�1.0�2.0�myR�{��r*�Z.�¶5q��vm��p�¶5ö�6�¬�¨¤gWX

³)5y²Ï�UÏ����°±�É¥ïð¢��°±A²���¦§²Ævy¨Â�°±�m

��pSÏ�r*�Z.6ïð¢�6£�°±A�n)©pu¨c�[¤�Ó«�l|lªk�

m��pv�r*�Z.íîïð6&Gð�%²�lâyJ6^jh^S��«¬�I�|tA

qyO)´UVW$×5UVWyS�ïð¢�$ðÝµ6ÄÅh;È�Å�I�|?

? v&Gw�4³p5X]�w�4³p5®¯nvNOklÐÑyUÏ�������lây°

ðÔyp°~�±)w6²³hWX��6y�´¤±�I�|J6lâ�rsÝµ6Immersion 

grating6�I£µvk{UVySÏ°Õ²�ÝµhWXk{�v&Gw�4³p5X]h�6

¶ðRSTbð6·�¸WXyij��v¹.�I�Æv�0zl| 
 

c) Quasi-Bragg immersion grating 

? Quasi-Bragg immersion gratingv���o.6ºðy[�l���645h¥»k��6bðy

R�{¼½¾ySz{Á¿hºðyËÌyÀ±�ºðyR�{�½¾k{��6bð�ÁT¼½

¾���k�2345�I�|Quasi-Bragg immersion grating6�I£µvk{016Ã9���

{>WXbyw�mpuÂ)h��\{[�l���6456WXh;È£µhÃÄk{�l|

kk�NTT-ATÅv6ÆÑÇySz{�ÈÉhÊðyË?klÌ-Qn6íîhÔÍklÎy

WÏk{Ð?��£µ�¹Ñ�I�Æv�0zllâ�¼¬�ÖÒT6Quasi-Bragg gratinghHI

��Ævy²zl|�2HIkl2Ó6Quasi-Bragg gratingyÔ�{O)´Áhj�{23ÁhÕ

ÖklvÆÇ�1Ó�´"¼²�«-ç62345vk{bc��Æv�0zl�¶6 =�| 

   

¶5 v&Gw�4³p5 [p5~ryS�m��píî6UV�L-�K)N�WX�=�|

q��P�WXP0�J6öv×£6ÌþP0�WXØ�6�|v&Gw�4³p5 V��N

ySz{UV�mÙ)°�WX��l�r*�Z.�q��vm��p�ö�íî| 



   

¶6 HIklQuasi-Bragg grating623Á�Far-field image�|=vq��ÈÉhÊðyË?

klt0.3mm6Ì-Qíî6ÔÍ�ö�ÚðyÈÉhË?klt0.26íîhÌÛ10�m6Ì-Q

Ü)ohÝ�klÞ?ßySÏÔÍ|�¬�¨�¾RST23��àu-)u���45Z| 

 

á61Ó�cd6��g�Ó«����ÛâÁ62345vk{�bck²�{Â�Izl�¶6 

q��|²R�ãäyHIklÚðyÈÉhË?klíîhQ6)pvk{Ì-QÜ)ohÝ�k

lÞ?ßySÏÔÍklQuasi-Bragg gratingy���g�Ó«�¬ÛâÁ62345vk{�¼

Abck²�{Â�Izl�¶6 ö�| 

 

d) J6á�ÜÝ23456ÒÁ23./60ÁÄÅ�VPH grating6å)QNÕÖ 

? 22D6FG2345�3B grating�6HIjy��kl45��,2�m�L&S 1:1�456���2

�m6Volume binary grating6���p��pN��6ÒÁ23./60ÁæghÄÅkl|J6&"�

SÒÁ�PÒÁv¨y1,550nm�°-)u�=22.8Z�yR�{23./�90%BÂ�çÿ��è1,000nm

�çÿéë,1150, 2150nm��I�Æv�0zl|Æ6Æv�¼;&'yR�{êë��{��SÈy

ÜÝ2345�VPH gratingvxìyíî6rsÝµ6ïðïþT2345�1,550nmyR�{160ð/mm�

�¾�+23�~14ZSÏ-01��./�ñ×�SÏ-01yR�{¨./�-A�VPH grating6ò

ó6ôõ�h_!�±�Ævhåækl| 

? 3B gratingv6NORST��ö�Ñ÷W6ÕÄø»ny�ù�I��u�o.6JKjvk{323

6VPH (volume phase holographic) grating�Wasatch Photonics��h��kl|Æ�«6VPH gratingh

Quasi-Bragg gratingvxìyO)´Áhj�{23ÁhÕÖkl&"��¬�¨úû�FOCAS$

MOIRCSjy�IklVPH gratingvNü{å)QN�c�Æv�0zl|æyHD���vý

��Bragg�45Z6VPH grating�01v�ËÌ6£¤yaþ�a���)QN��×y2Óh

��01£¤ydka�{ËÌyn�ÿy4Ó6å)QN�åæ�±�|²R�Æ�«6VPH 

grating6ÒÁ23./n6ÄÅhtAqy;È�Å�I�| 



 j= >#$ % 

9:!"ï 

! 

" 

#? ? ? D ��$�%� &�$�%� 
'(#6 

}0$�%� 
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Í//�# 0 0 0  

*}�# 800+ 650+ 0  

,E# 0 0 0  

J6á6-# 1,200+ 1,380+ 0  

#?
?

$ 

ÑÃ 2,000+ 2,030+ 0  

'(#6$ 2,000+ 2,030+   

./^_$ 0 0   

J6á 0 0   

%?
?

& 

ÑÃ 2,000+ 2,030+   

 

 

0:&�#D123 

(4)5F 

6? Í//�# 

2? 1 ·  ì ò� 
v K 

(%) 

È $ 

(%) 
8#uEA 7�uEA 58uEA /? ) 

90²k         

         

Ã         

 

:? *}�# 

2? 1 ·? ì ò� È? $(%) ;�uEA /? ) 

òðW2<b² 
23450ÁÃÄ=�
)Nj 

1 > 98,070 2013u 6E20A  

�r*�Z.Z[\) 
?76ot0.97@20o20K
)N 

2 > 49,350 2013u 7E20A  

m��pZ[\) 
?100ot0.5@20o20K
)N 

2 > 27,300 2013u 7E20A  

v&Gw�4³p5[
p5~r 

�Û: 0.5, �ë: 0.25 1 Ó 105,840 2013u 8E 2A  

v&Gw�4³p5�
�N 

�¼,V90Z��8o60 1 Ó 131,250 2013u 9E20A  

O)´ABèÌC�qr

w)3 
YAGO)´j 1 > 81,738 2013u10E31A  

VPH grating ?25, 600, 1145 L/mm 2 Ó 99,991 2013u11E20A  

VPH grating ?25, 1624 L/mm 1 Ó 56,490 2014u 1E21A  

Ã   650,029   

 



D? ,E# 

2? ? 1 ë? ? ¬ È? $ (%) 58uEA /? ) 

90²k     

     

Ã     

 

E? J6á6-# 

2? 1 ë? ¬ ò� 
v K 

(%) 

È $ 

(%) 
8#uEA 7�uEA 58uEA /) 

·2F# 
+GH°,-

IJ 
1 36,500 36,500  6/27, 28   

·2F# 
+GH°,-

KÁ� 1 25,140 25,140  7/31   

·2F# 
+GH°,-

IJ 
1 53,500 53,500  8/5-8   

·2F# 
+GH°,-

IJ�LM 
1 34,200 34,200  9/19-21   

·2F# 
+GH°,-

N+�IJ 
1 55,620 55,620  10/15-18  

TMTp�

[pQ

WS 

·2F# 
+GH°,-

IJ�KÁ� 1 53,940 53,940  10/30-11/2   

·2F# 
+GH°,-

IJ�OPQ 
1 33,690 33,690  11/13-15   

·2F# 
+GH°,-

RS 
1 37,320 37,320  11/18-20  °T°, 

,UVW#  1 7,000 7,000    
Að0Á

,U 

·2F# 
+GH°,-

WXY�IJ 
1 34,200 34,200  11/27-29   

·2F# 
+GH°,-

IJ��²v

�«� 

1 28,710 28,710  12/4, 5   

·2F# 
+GH°,-

IJ�KÁ� 1 29,140 29,140  12/11, 12   

ÕÄø»WS 
+GH°,-

FYZ 1 27,220 27,220  12/17, 18  
ÕÄø»

WS�[\

°, 

·2F# 
+GH°,-

KÁ��IJ 1 39,580 39,580  12/26-28, 30   

·2F# 
+GH°,-

IJ�KÁ� 1 20,890 20,890  1/18, 20  
Ú]^Î

# 

·2F# KÁ� 1 2,620 2,620  1/24  
^Î#,�

ö�WS 

·2F# 
+GH°,-

IJ�KÁ� 1 50,580 50,580  2/3-7   

·2F# 
+GH°,-

IJ 1 37,700 37,700  2/18-21   

·2F# 

+GH°,-

IJ���_�

KÁ� 
1 38,690 38,690  3/1, 3-5   

·2F# 
+GH°,-

KÁ��IJ 1 34,340 34,340  3/26-28  `� 

         

§## 
NTT-AT�

Quasi-Bragg 

grating 

2 Ó 349,650 699,300 2013u12E 6A 2014u 2E10A  
*}�v

k{¦§ 

Ã    1,380,150     

 



(a)l� 

2? ? ? 1 ë     ? ¬ È  ? $ (%) /    ? ) 

& ' # 6 $  2,030+  

. /  ̂_ $  0  

J ?  6 ?  á  0  

Ã  2,030+  

 

�#�'(;<6=@ybk�l�h£lÐÑ$�7cì¼«6;�deÈ�8fklÐÑy��

l�6fyR\�J6áyÃ���Æv| 


