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JÑ
�«ÄuüO�ßºÚ1n
��
�O�ì, �\ïÄ
d«�Y�1´Ã�Ú1´k��ü«¢
y�ª; ¿Äupd1åDÑÝ
Ú q ëê�'nØ, lnØþ�[/O�!í�
�Cþ�m�'X, ¿?1

�[�ý9¢��y, ��
nØÚ¢����(J. éü«¢y�ª�(�9µC�O�?1
ÐÚ�¹¢Ú¢
�, ¿��Ñ
5UûÐ�
�O�ì. nØÚ¢�L², T�Yäk´\ó!$¤�!´µC!5U`�A:, �
´u*Ð¤õ�
�O�ì, ����1©�E^ìXÚÚ1��ë�XÚ�uÐJørkå�ì�| .

'�c: O�ßº, 
�O�ì, �U1�ä

PACS: 42.81.Qb, 42.79.Ag

1 Ú ó

�XCc5Ï&�Ö�×�O�, �U1�
ä?\p�uÐ�¢^z�ã. �U1�ääk
Ä����A:, )û
8c DWDM XÚ|�(
¹5��!Ä�©�Uåf�¯K. �U1�ä
Ì�´d�X�äkpÝ(¹5�XÚ���¤,
��1©�E^ìXÚ (reconfigurable optical
add-drop multiplexer, {¡ ROADM) XÚÚ1��
ë� (optical cross-connect, {¡ OXC) XÚ´Ù¥
�'��!:��, |±X1DÑÚ��, ���
ü$1�ä�$EÚ�o¤� [1−12].

3 ROADM XÚÚ OXC XÚ¥, 
�O�
ì´Ù¥Ø�½"�ì�, ¤k�1DÑÚ1�
�Ñ´Äu
�O�ì [13,14], Ù5U��K�
� ROADM XÚÚ OXC XÚ��N5U. 8c, ¢
y
�O�ì��O�Y�ÑÄu
�ßº, d
�O�Y31ÆNÁ�¡��´¢y, �é
�ß
º��IÚ\óJÑ
ép��¦, ��I��5
�!JµC!¤�p.

�©JÑ
�«ÄuüO�ßº (collimating
lens, {¡ C-Lens) Ú1n
��
�O�ì, òü

� C-Lens �1n
�¥�?�1n�gÕá/N
Á!��9µC, �k�/�Ö1n
�Ú
�
ßº\ó¥�Ø��5K�, 4�/Jp
�O�
ì��N�I. Ï��� C-Lens NÁ�Õá5, d
«�Y´µC, ��´*Ð¤õ�
�O�ì; Ó
�, C-Lens �\ó�~N´, ¤��é
�ßº
ó, �$�õ. Ïd, �éuDÚ�Äu
�ßº�

�O�ì, d«�Yäk´\ó!$¤�!´µ
C!5U`!´*Ð�A:.

�é C-Lens �Y�NÁ9µCA5, �©�
\ïÄ
1´Ã�Ú1´k��ü«¢y�ª, é
ü«�ªÑ?1
nØO�!�[�ýÚ¢��
y [15−21], ��
nØÚ¢����(J; (Üµ
C�¡�¹¢Ú¢�, ��Ñ
5UûÐ�
�
O�ì.

2 Äuü C-Lens �
�O�ì�nØ
©Û�O�

2.1 ÄÄÄuuu111´́́ÃÃÃ������ªªª���


���OOO���ììì

1´Ã��ª, 3 C-Lens Ú1n
��mØ
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W¿µC^�, �ö���p��, C-Lens ÏL9
Ï1Æ���½3Ä�þ. 
�O�ì�'��
I´å��» ω0 Úó�ål d0, Ù�'�OÒ´
�âþãü��IO�ÑéA�ëê, äN�):
C-Lens �ò�Ç nc!C-Lens �Ç�» Rc!C-
Lens �¶%�Ý Lc!C-Lens �1n
��m�
¶%må L1. Äupd1åDÑÝ
Ú q ëê
�'nØ, �©òí�Ñ�ëê�'��I�m
�¼ê'X, ¿�â¢S�I�¦, �Ñ�AäN
ëê�.

Äu1´Ã��ª�
�O�ì1´(��
nãXã 1 ¤«, 1�DÂ���� z ¶, ²1u
�¡�� z ¶R��� y ¶, R�u�¡�� z ¶
R��� x ¶. ���£Å�Ñ�I��¦, 1n

�Ú C-Lens þæ^��(�, ½Â�íò�Ç
� n0, ¤DÑ1Å3�í¥�Å�� λ0, 1nò�
Ç� n1, 1nÑ�?�pd1åå�� ω1, 1n

�Ú C-Lens ����Ý� θ1, 1�31nL¡�
Ñ��Ý� θ2, 3 C-Lens L¡�\��ÝÚÑ�
�Ý©O� θ3 Ú θ4.� �� �� ��� � � � �� � � 	

ã 1 Äu1´Ã��ª�
�O�ì1´(��nã

du1n
�Ú C-Lens ���(�, pd1
å3 x-z ²¡Ú y-z ²¡�DÑy�´Ø���,
I©OO�.

2.1.1 x-z ²¡S�pd1åDÂnØí�
1�31n
�L¡u)ò�, �Ñ

n1 sin θ1 = n0 sin θ2, (1)

ÏLAÛ'X©Û, �Ñ

θ2 = θ3, (2)

1�3 C-Lens L¡u)ò�, �Ñ

n0 sin θ3 = nc sin θ4. (3)

1�31n
�Ú C-Lens �m�¢SDÂå
l d1 �

d1 =
L1 cos θ1

cos θ2
, (4)

1�3 C-Lens �S�¢SDÂål d2 �

d2 =
Lc

cos(θ4 − θ1)
. (5)

3 x-z ²¡S, l1nL¡Ñ�� C-Lens L¡
Ñ���NDÑÝ
 Mx �

Mx =

 1 0
n0 − nc

n0Rc cos(θ4 − θ1)
nc

n0

  1 d2

0 1



×

 1 0

0
n0

nc

  1 d1

0 1

  1 0

0
n1

n0

 . (6)

3 x-z ²¡S, 1nÑ�?�pd1å q ë
ê q1 �

q1 = i
πω2

1

λ0/n1
, (7)

3 x-z ²¡S, C-Lens Ñ�?�pd1å q ëê q2x

�

q2x = Mx · q1x, (8)

3 x-z ²¡S, C-Lens Ñ�?�pd1åÇ�
» R2x �

R2x =
1

Re(1/q2x)
, (9)

3 x-z ²¡S, C-Lens Ñ�?�pd1å1��
» ω2x �

ω2x =

√
−λ0

πIm(1/q2x)
, (10)

3 x-z ²¡S, 
�O�ì�å��» ω0x �

ω0x =
ω2x√[

1 +
(

πω2
2x

λ0R2x

)] , (11)

3 x-z ²¡S, 
�O�ì�ó�ål d0x �

d0x =

∣∣∣∣∣ R2x

1 +
(

λ0R2x

πω2
2x

)2

∣∣∣∣∣. (12)

|^¤í���§, �±�Ñ ω0x, d0x ���
Cþ�m�Cz�, Xã 2 ¤«.
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ã 2 ω0x, d0x ���Cþ�m�Cz� (a) nc; (b) Rc; (c) Lc; (d) L1

lã 2 �±�Ù/wÑ, ω0x, d0x ���Cþ
�mÑ�3âC�'X, Ø´{ü��5'X, 3
û½��CþäN��, I�â¢S�¹, 5¿�
�Cþ�m�p�N!, À� ω0x Ú d0x ���
:NC, ��`z).

2.1.2 y-z ²¡S�pd1åDÂnØí�
3 y-z ²¡S, l1nL¡Ñ�� C-Lens L¡

Ñ���NDÑÝ
 My �

My =

 1 0
(n0 − nc) cos(θ4 − θ1)

n0Rc

nc

n0


 1 d2

0 1



×

 cos θ4

cos θ3
0

0
n0 cos θ3

n2 cos θ4


 1 d1

0 1



×

 cos θ2

cos θ1
0

0
n1 cos θ1

n0 cos θ2

 , (13)

3 y-z ²¡S, C-Lens Ñ�?�pd1å q ëê q2y

�

q2y = My · q1, (14)

3 y-z ²¡S, C-Lens Ñ�?�pd1åÇ�
» R2y �

R2y =
1

Re(1/q2y)
, (15)

3 y-z ²¡S, C-Lens Ñ�?�pd1å1��
» ω2y �

ω2y =

√
−λ0

πIm(1/q2y)
, (16)

3 y-z ²¡S, 
�O�ì�å��» ω0y �

ω0y =
ω2y√[

1 +
(

πω2
2y

λ0R2y

)] , (17)

3 y-z ²¡S, 
�O�ì�ó�ål d0y �

d0y =

∣∣∣∣∣ R2y

1 +
(

λ0R2y

πω2
2y

)2

∣∣∣∣∣. (18)

|^¤í���§, �±�Ñ ω0y, d0y ���
Cþ�m�Cz�, Xã 3 ¤«.

Ï�1nà¡�3���Ý, ¤±, éÓ�
� ω0 �Ú d0 �, x-z ²¡SÚ y-z ²¡SéA�
Cþ�´Ø���, Ïd, 3¢SÀ��Cþ��,
I�½e�«'X, ^±þï x-z ²¡SÚ y-z ²
¡S���Cþ�. ÏL'�ã 2 Úã 3, �±u
y, ω0x, d0x Ú ω0y, d0y ���Cþ�Czª³´
���, ¤±, ÏL�ü�²¡Sþ���ª, �±
û½¢S���Cþ�.
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ã 3 ω0y , d0y ���Cþ�m�Cz� (a) nc; (b) Rc; (c) Lc; (d) L1

2.2 ÄÄÄuuu111´́́kkk������ªªª���


���OOO���ììì

1´k��ª, �1´Ã��ª�(�aq,
�´1n
�Ú C-Lens �m��íYO�¤

µC^�, 1´(��nXã 4 ¤«, Ù¥�Ú«
��L��Ü©. Ó�, I��â'��Iå��

» ω0 Úó�ål d0 O�Ñ±eëê: C-Lens �ò
�Ç nc!C-Lens �Ç�» Rc!C-Lens �¶%
�Ý L′

c!��þÝ L′
1.

�Ü©�nØO��1´Ã��ª�nØ
O�aq, �ëìþãÜ©, d?Ø�Ñ�[O
�L§.

z

y
n1

n2

n0

ncθ1
θ2'

θ4'
θ3'

ã 4 Äu1´k��ª�
�O�ì1´(��nã

3 �[Ú¢��y

� © I ï � Ñ e ã 
 � O � ì: å � �
» ω0 = 230 µm; ó�ål d0 = 66 mm. �~þ
Xe: DÑ1Å3�í¥�Å� λ0 = 1545 nm; 1
nò�Ç n1 = 1.44; 1nÑ�?�pd1åå�
�» ω1 = 5 µm. e¡, ò|^í�úª, O�Ñü
«¢y�ªéA��«Cþ�.

±1´Ã��ª�~, í�Ñ��Cþ�ê�.
Ï ω0 Ú d0 éA�Cþ'�õ, Iký�A�Cþ
��, ,�½����Cþ��`z�. �©æ^

¥IÀæ¥¥� H-Laf3 Àæ, ò�Ç nc = 1.72; �
IO� C-Lens Ç�» Rc = 1.75 mm; �â¢S
µCó²�¦, ��íYþÝ L1 = 0.18 mm, ©O
±Ñ x-z ²¡SÚ y-z ²¡S��`z C-Lens ¶
%�Ý Lc, Xã 5 ¤«.

3�y ω0 Ú d0 ¦þ�C8I��cJe, �
�ö���:�� Lc ��`z�, lã 5 �±
�Ñ: 1) x-z ²¡S, Lc �`z�� 3.95; 2) Ú 1)
y-z ²¡S, Lc �`z�� 3.86. �ü�²¡Sé
A��²þ�, �� Lc = 3.905 mm, �Ä�¢S\
ó�°Ý, ¢S� Lc = 3.9 mm. Ón, �Ñ1´k
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��ª���CþäNê�, (J��L 1.
Ù¥, 1´k��ª¥, ��þÝ 0.01 mm ´

�â¢Só²½�ê�.
|^L 1 �²þ�2�íO�Ñü«¢y�

ª3ØÓ²¡Så��»Úó�ål, XL 2 ¤«.
òL 1 ¥�²þ�Ñ\�1Æ�O�[^

� Zemax ?1�[�y, �[O�Ñü«�ª3Ø
Ó²¡Så��»Úó�ål, XL 3 ¤«.�� �� � �� � �� � � � � � � � � � � �� � �� � �� � � �� �� � �� � �� � � � � � � � � � � �� � �� � �� � �	 
 � � � 	 
 � � � � �� �� � � �� ��  � �� �� � � �� � �� � �� � � � � �� ���  ! " �  # $% & ' % ( '

ã 5 1´Ã��ª, Lc 3ØÓ²¡S��`z� (a) x-z ²¡; (b) y-z ²¡

L 1 
�O�ì�éACþO��

1´Ã��ª 1´k��ª

�íò�Ç 1 �ò�Ç 1.49

C-Lens ò�Ç 1.72 C-Lens ò�Ç 1.72

�íYþÝ 0.18 mm ��þÝ 0.01 mm

C-Lens ¥%å 3.9 mm C-Lens ¥%å 4.2 mm

C-Lens Ç�» 1.75 mm C-Lens Ç�» 1.75 mm

L 2 d�Cþ²þ��íÑ�å��»Úó�ål

1´Ã��ª 1´k��ª

å��» (x-z ²¡) 229.6 µm å��» (x-z ²¡) 228.4 µm

å��» (y-z ²¡) 230.5 µm å��» (y-z ²¡) 231.2 µm

ó�ål (x-z ²¡) 68.6 mm ó�ål (x-z ²¡) 69.0 mm

ó�ål (y-z ²¡) 65.3 mm ó�ål (y-z ²¡) 64.9 mm

L 3 Zemax �[Ñ�å��»Úó�ål

1´Ã��ª 1´k��ª

å��» (x-z ²¡) 221.1 µm å��» (x-z ²¡) 227.0 µm

å��» (y-z ²¡) 232.1 µm å��» (y-z ²¡) 231.7 µm

ó�ål (x-z ²¡) 70.4 mm ó�ål (x-z ²¡) 69.6 mm

ó�ål (y-z ²¡) 61.3 mm ó�ål (y-z ²¡) 63.5 mm
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òL 2 ¥�nØ�í(JÚL 3 ¥��[(
J©O�8I�'�, Ñ3�IÜ����S, �
�
n��(J. ò¤k1Æ��UìnØO��
º�\ó�¤, ¿æ^°��N(�Úb	µC^
�ó², ��Ñ
ü«�ª�
�O�ì, n�µ
C(�Xã 6 Úã 7 ¤«. Ó�, |^1�ÿÁC
�, ©OÿÁÑü«
�O�ì�å �� »Úó�

ã 6 Äu1´Ã��ª�
�O�ì

ål, (JXL 4 ¤«.

ã 7 Äu1´k��ª�
�O�ì

lL 4 ¥�ÿÁ(J�±�Ñ, ü«�ª�

�O�ì�Iþ���I�¦; �, òü«�ª
�
�O�ìÑ3 ROADM XÚ�'1ì� (Å�
ÀJm'�) Ú OXC XÚ�'1ì� (1m') ?
1
ÐÚ�A^, ����XÚ�5U�¦, ¿©
`²
ÄuüO�ßº�Y��15.

L 4 ¢SNÁÑ�
�O�ì�å��»Úó�ål

1´Ã��ª 1´k��ª

å��» (x-z ²¡) 218.2 µm å��» (x-z ²¡) 220.6 µm

å��» (y-z ²¡) 229.1 µm å��» (y-z ²¡) 226.6 µm

ó�ål (x-z ²¡) 80.8 mm ó�ål (x-z ²¡) 71.3 mm

ó�ål (y-z ²¡) 70.3 mm ó�ål (y-z ²¡) 67.2 mm

4 ( Ø

�©JÑ
�«ÄuO�ßº�
�O�ì
�O�Y, k1´Ã�Ú1´k�ü«¢y�ª,
©OlnØ!�[Ú¢�n��¡?1
�\�
ïÄ, �y
d«�Y��15, ¿(Ü(��O
ÚµCó², ��Ñ
5U`û�
�O�ì, �
÷v ROADM XÚÚ OXC XÚ��¦.

ü«¢y�ª�Óäk±eA�: ´\ó!
$¤�!´µC!5U`, �´u*Ð¤õ�

�O�ì. �ö�p'�, k±e«O: Ï��é

põÇ�¯a5, 1´k��ªØ·ÜpõÇ�
�O, 1´Ã��ª�÷vpõÇ��O; 3µ
C�¡, Ï1´Ã��ªI�,	9Ï�1Æ�
�, I����µC�m, �I��J�µCó
², �éó, 1´k��ª¬�N´. Ïd, 3
¢SA^�, ��âXÚ��, æ^�·Ü�¢
y�ª.

�©¤æ^�1Æ��Ñ´ÊÏ\ó�1n

�Ú C-Lens, XJæ^@¡Eâ�ó²é1n

�Ú C-Lens ?1°[\ó, �5�±��Ñ��
º��
�O�ì.
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Study of collimator array based on single
collimating lens∗
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Abstract

A new collimator array based on single collimating lens and fiber array is proposed in the paper. An in-depth study is conducted on

the two realizing methods, one is with glue in the optical path and the other is without glue in the optical path. Based on Gauss optics

transmission matrix and q parameter theory, the relationship among the variables is deduced and computed theoretically, simulated

virtually and confirmed experimentally. Good agreement between theoretical results and simulation, experimental results is obtained.

The mechanical and packaging designs of the two realizing methods are first studied, then the proposed collimator arrays, with good

performance are made. Both the theoretical and experimental results show that the scheme has the merits of easy-to-make, low cost,

easy-to-package, good performance, good scalability, etc., which can strongly support the development of reconfigurable optical add-

drop multiplexer system and optical cross-connect system.

Keywords: collimating lens, collimating lens, agile optical network
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