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�¦Ø�¦§4� F�g$3�Ä» YUs�$�\�"f %i�{9���÷&��H YUs�$� F�gÜ¼�ÐÂÒ'� *3�áÔ LD\�¦ �Ð ñ
�l� 0Aô�Ç 2Ò�o �9�'�\�¦

[O�>�
��¦ ]j���ô�Ç Êê, Õª :£¤$í
�̀¦ 8£¤&ñ

�%i���. *3�áÔ LD µ1Ï��� ���©���� 905 nm∼ 925 nm @/%i�\�"f ÈÒõ�

Ö�¦�Ér 99.9% s��©�, F�g$3�Ä» YUs�$� Ø�¦§4� ìøÍ��F�gs��� ÚÔwn=ÀÒ�©� íß�êøÍF�g ���©�@/%i���� 1020 nm∼ 1100 nm

@/%i�\�"f_� ÈÒõ�Ö�¦�Ér 0.1% s�
��� ÷&�̧2�¤ �9�'�\�¦ [O�>�
�%i���. Substrate\�¦ SiO2�Ð Ùþ¡�̀¦ �â
Äº, ~ÃÌ}��

_� ]X��ÃÌ§4�s� a%~�Ér Oxide >�\P� Óüt|9��̀¦ ��6 x
���H ��s	כ Ä»o�
�#� SiO2\�¦ /BN:�xÜ¼�Ð Ta2O5ü< ZrO2\�¦ ��

6 x
�%i���. Ta2O5ü< ZrO2\�¦ s�6 x
�#� [O�>�\�¦ 
�#� �9�'�\�¦ ]j���ô�Ç Êê Õª :£¤$í
�̀¦ q��§
�%i���. 8£¤&ñ
 ���

õ� Ta2O5ü< ZrO2\�¦ ��6 x
�#� ]j���ô�Ç ¿º �9�'� �̧¿º ÈÒõ�Ö�¦s� 905 nm∼ 925 nm @/%i�\���� 99.5%∼
99.9%�Ð, 1020 nm ∼ 1100 nm @/%i�\���� 0.01%∼ 0.09%�Ð 8£¤&ñ
÷&#Q 3lq³ð l�ï�ru�\� &h�½+Ë�<Ê�̀¦ SX����
�

%i���.

PACS numbers: 84.30.vn, 78.20.-e
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I. "e Â]Ø

þj��H [þt#Q F�g$3�Ä» YUs�$�_� Ãº¹כ�� l��>r_� �í�¦5Åq :�x

���6 x\�"f �¦Ø�¦§4� ��/BN6 xÜ¼�Ð s�1lx
��¦ e��Ü¼ 9, s��Qô�Ç
�¦Ø�¦§4� F�g$3�Ä» YUs�$���H �¦&ñ
x9�, �¦$í
0px, �¦5Åq��/BN_� �©�
&h��̀¦ ��t��¦ ��s�ß¼�Ð �����íß�\O�_� YUs�$� F�g"é¶õ� ��éß�

&h�8£x+þA 	�[j@/ Bj�̧o� ìøÍ�̧�̂ /BN&ñ
, YUs�$� ]X�éß�l�, 6 x
]X�l� 1px ���ª�ô�Ç 6£x6 x�©�q�\� &h�6 xs� ��0px½+É ����s	כ [1–3,
6]. Õª���X< YUs�$�_� Ø�¦§4�s� �¦Ø�¦§4�s�l� M:ë�H\� ìøÍ��F�g
s��� ÚÔwn=ÀÒ�©� íß�êøÍF�g\� _�K� %i�{9���
���H F�g\� _�K� *3�

iç
6 x YUs�$� ��s��̧×¼(LD)�� ��õ�|̈c Ãº�� e���� [6]. s�
\� *3�iç
6 x YUs�$� ��s��̧×¼\�¦ �Ð ñ
�l� 0AK�"f *3�áÔ�Ð

 ñl��� ìøÍ×¼r� 
¹כ��9���(Fig. 1 �ÃÐ�̧). :£¤y�, �¦Ø�¦§4� YU
s�$���� �â
Äº\���H damage threshold�� Z�}�Ér ZrO2\�¦ ��6 x

K��� 
�t�ëß� ZrO2��H 7£x�ÃÌ5Åq�̧�� Ö¼�9"f ]j���/BN&ñ
\� #Q

�9¹¡§s� ú́§Ü¼Ù¼�Ð, =�G ¹ô�Çכ��9 �â
Äº ü@\���H Ta2O5\�¦ s�6 x

∗E-mail: ymjhon@kist.re.kr; Fax: +82-2-958-5709

Fig. 1. Schematic diagram of the pump protector in a
high power fiber laser system.


���H ��s	כ {9�ìøÍ&h�s��� [7–9]. s�ü< °ú �Ér *3�áÔ�Ð ñl� >h

µ1Ï�̀¦ 
�l� 0AK�"f��H ���$�, �ïh�Aì�r��\� @/ô�Ç s�K�\�¦ :�xK�

�ïh�AÓüt|9�\�@/ô�Ç��6 x���©�@/%i�\�"f_�ÈÒõ�Ö�¦õ�f�̈Ãº>�

Ãº, 7£x�ÃÌ5Åq�̧, Óüt|9�çß� ÏãJ]X�Ò�¦_� 	� 1px�̀¦ �¦�9
�#��� ô�Ç

�� [4,5].
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�:r �7Hë�H\�"f��H %i�{9���÷&��H YUs�$� F�gÜ¼�ÐÂÒ'� *3�áÔ

LD\�¦�Ð ñ
�l�0Aô�Ç 2Ò�o�9�'�\�¦[O�>�
��¦]j���ô�ÇÊê,Õª

:£¤$í
�̀¦ 8£¤&ñ

�%i���. ¿º ��t� �ïh�AÓüt|9�_� 7áxÀÓ\�¦ s�6 xK�

(Ta2O5/SiO2)ü< (ZrO2/SiO2)\�¦ y��y�� [O�>�
�#� ]j����)a

¿º �9�'�_� :£¤$í
�̀¦ q��§ ì�r$3�
�%i���. #��Q �ïh�A\� �'aô�Ç

�9�'� [O�>�\� �'aô�Ç �7Hë�H�Ér ú́§��¤t�ëß� �¦Ø�¦§4� F�g$3�Ä» YUs�

$�_� *3�áÔ LD �Ð ñl�6 x �9�'� [O�>�ü< ]j���\� �'aô�Ç �7Hë�H

�Ér �:r �7Hë�Hs� þj�í�Ð r��̧÷&%3���.

II. T� Â]Ø

l��:r&h���� &h�8£x�Ér ¿º >h_� Ä»����̂ Óüt|9��Ð ½̈$í
÷&��HX<,


�����H�¦ÏãJ]X�Ò�¦(H)s��¦���Ér
�����H$�ÏãJ]X�Ò�¦(L)s���.(
L

2
H

L

2

)n

(1)

s���� +þAI�_� ½̈�̧��H Âúª�Ér ���©� %ò
%i�\�"f o�e�¦s� ���l� M:

ë�H\� ���×þ�÷&�¦ ÈÒõ��½�×¼�� �>rF�ô�Ç��. ÅÒl�&h� @/g�A\� _�

K� 1px��_� F�g�<Æ&h� ¿ºa�ü< 1px��_� ÏãJ]X�Ò�¦%�!3� éß�{9�8£xÜ¼

�Ð ����èß���. ~ÃÌ}��s� ç�H{9�
����¦ ��&ñ
Ùþ¡�̀¦ M: ìøÍ��Ö�¦ >�

íß��Ér ���l��©�õ� ��l��©�_� 8úx ���;�¤���Ãº\�¦ ��6 xô�Ç '��§>=\�

_�
�#� Ãº'���)a��. y�� 8£x\� @/K� 
���_� 2 × 2 '��§>=s� ��

6£§õ� °ú s� &ñ
_��)a�� [10,11].

M =
(

cos gj
1
ηj

sin gj

inj sin gj cos gj

)
(2)

#�l�"f gj = (2π / λ)njdjcos θjs��¦, ηj = nj/cos θj��H

p-¼#�F�g\� @/ô�Ç F�g�<Æ&h� #Q×¼p����Û¼, ηj = njcos θj��H s-¼#�

F�g\�@/ô�ÇF�g�<Æ&h�#Q×¼p����Û¼, dj��H~ÃÌ}��_�Óüto�&h�¿ºa�,

θj��H ÏãJ]X�y��, nj��H j���P: 8£x_� ÏãJ]X�Ò�¦, i2 = −1s��¦ λ��H

���/BN ×�æ_� ���©�s���. s� '��§>=[þt�Ér ��6£§_� :£¤$í
�̀¦ �����·p

��. ÅÒ @/y����� $í
ì�r�Ér z�́Ãºs��¦ ÂÒ @/y����� $í
ì�r�Ér )�Ãº

s� 9 '��§>=_� >hÃº��H }��_� 8£xÃº Nõ� °ú ��. ����̂ ~ÃÌ}��_�

'��§>=�Ér y�� 8£x_� '��§>=_� Y�LÜ¼�Ð ³ð�&³÷& 9 ��6£§õ� °ú �Ér +þA

I�s���.

M =
(

m11 m12

m21 m22

)
=

N∏
j=1

Mj (3)

{9��� F�g�<Æ>�\�"f ���l��©�õ� ��l��©��Ér Ø�¦§4� F�g�<Æ>�_� °úכ

õ� '��§>=�Ð �������)a��.(
B
C

)
= M

(
1
ηs

)
(4)

Fig. 2. Proposed structure of the normal incidence type
dichroic filter.

#�l�"f ηs��Hl�óøÍ_�F�g�<Æ&h�#Q×¼p����Û¼��.d�� (4)��H~ÃÌ}��
_� :£¤$í
�̀¦ >�íß�
���H &ñ
�Ð\�¦ �í�<Ê
��¦ e����. ����"f ��6£§
õ� °ú �Ér &h�8£x}��_� ìøÍ��Ö�¦s� %3�#Q�����.

Rs =
∣∣∣∣η0B − C

η0B + C

∣∣∣∣2 (5)

#�l�"f η0��H {9���B�|9�_� F�g�<Æ&h� #Q×¼p����Û¼�� [2].

III. 2t�� ýmÇ'[ �rÇ4כ

�:r �7Hë�H\�"f��H *3�áÔ LD µ1Ï��� ���©���� 905 nm ∼ 925
nm @/%i�\�"f ÈÒõ�Ö�¦�̀¦ 99.9 % s��©�Ü¼�Ð ÈÒõ�r�v����"f
F�g$3�Ä» YUs�$� Ø�¦§4� ìøÍ��F�gs��� ÚÔwn=ÀÒ�©� íß�êøÍF�g ���©�

@/%i���� 1020 nm ∼ 1100 nm @/%i�\�"f_� ÈÒõ�Ö�¦�̀¦ 0.1 %
s�
��� ÷&�̧2�¤ �9�'�\�¦ [O�>�
�%i���. Fig. 2��H ]jîß��)a �9�
'�_�[O�>� ½̈�̧_�ÕªaË>s���. 2Ò�o�9�'�_�ô�ÇAá¤���\���Héß�
���©� ÈÒõ��9�'�(Short Pass Filter, SPF)\�¦, ìøÍ@/Aá¤ ���\�
��H ÁºìøÍ��(Anti-Reflection, AR) �ïh�A�̀¦ [O�>�
�%i���. #�
l�\�"f AR �ïh�A�Ér ¶ú�{9��<Hz�́�̀¦ ×�¦s�l� 0AK�"f÷�rëß� ��m�
��LD\�"f ���:r ynCs� ìøÍ��\�¦ 
�#� LD�Ð %i�{9���
�#� YU
s�$�_�µ1Ï����̀¦Ô�¦îß�&ñ

�>�
����� �̧1lx����̀¦{9�Ü¼v���H�	כ

�̀¦ }���¦ �Ð ñ
�l� 0AK� ¹ô�Çכ��9 �.���s	כ
AR �ïh�Aõ� SPF [O�>� r�, l��:r&h���� �̧|	��Ér ��6£§õ�

1lx{9�
���. Substrate��H SiO2, ~ÃÌ}�� Óüt|9��Ér �¦ìøÍ�� Óüt

|9�(H)���ZrO2ü< Ta2O5, $�ìøÍ�� Óüt|9�(L)���SiO2, l�ï�r ��
�©��Ér 1240 nm(Ta2O5/SiO2), 1220 nm(ZrO2/SiO2)\�¦ ��
6 x
�%i��¦ {9��� y���̧��H 0◦\�¦ l�ï�rÜ¼�Ð 
�%i���. �:r [O�>�
\�¦ 0AK�"f Essential Macleod Program�̀¦ s�6 x
�#� AR
õ� SPF\�¦[O�>�
�%i���.áÔ�ÐÕªÏþ�í�H"f��Hl�ï�r���©��̀¦&ñ


��¦ "é¶
���H ~ÃÌ}�� 8£xÃº\�¦ [O�&ñ

�#� "é¶
���H ���©�@/ %ò
%i�

_�l�ï�r\�þj@/ô�Ç ú́�2X[O�>�K�?/��Hõ�&ñ
�̀¦�������.[O�>�
��=åQ�����s�[O�>�\�¦���½ÓÜ¼�Ðz�́]j�Ðëß�[þtl����\� Run-
Sheet & Simulator l�0px�̀¦ s�6 x
�#� 7£x�ÃÌõ�&ñ
\�"f µ1ÏÒqt
��0pxô�Ç �̧	�Ö�¦�̀¦ ìøÍ%ò

�#� ���õ�\�¦ SX�����<ÊÜ¼�Ð+�, z�́]j



� ���½̈�7Hë�H � �¦Ø�¦§4� F�g$3�Ä» YUs�$�_� *3�áÔ LD �Ð ñl�6 x �9�'� [O�>� x9� ]j��� :£¤$í
 – �̧5px ñ 1px -113-

Fig. 3. Design process of the filters for pump protectors.

Òqtíß�\�"f ÃºÖ�¦�̀¦ Z�}{9� Ãº e��>� ô�Ç��. #�l���t�_� õ�&ñ

s� �̧��H [O�>�õ�&ñ
s���. %�6£§\���H Ta2O5ü< SiO2\�¦ s�6 x

K� SPF\�¦ [O�>�
�%i�Ü¼��, 1020 nm @/%i�\�"f f�̈Ãº�� &h�
#Q damage threshold�� �8 Z�}�Ér ZrO2\�¦ ÆÒ���Ð [O�>�
�

%i�Ü¼ 9, 8úx 8£xÃº��H 328£xÜ¼�Ð 318£x_� �±p 0A 8£x\� SiO2\�¦

ô�Ç8£x �8 �̀¦�9"f [O�>�\�¦ 
�%i���. s���H 318£xÜ¼�Ð Ùþ¡�̀¦ M:
905 nm ∼ 925 nm\�"f �8 îß�&ñ
&h���� Ãºu�ü< ÕªA�áÔ ��
+þA�̀¦ ��|9� Ãº e��%3�l� M:ë�Hs���. ��6£§\�"f��H �¦Ø�¦§4� ��6 x
\� Ä»o�ô�Ç ZrO2/SiO2\�¦ s�6 xô�Ç [O�>� õ�&ñ
�̀¦ [O�"î

�%i�

��. Ta2O5/SiO2_� [O�>� õ�&ñ
�Ér ZrO2/SiO2_� [O�>� õ�&ñ


õ� 1lx{9�
���. %�6£§ [O�>�ô�Ç [O�>�u�\�¦ þj7áx [O�>��Ð ���8̈�
�
��H õ�&ñ
�Ér Fig. 3_� ÕªA�áÔ�Ð [O�"î

�%i���.
Äº��� ���&ñ
Ò�o(graph 1) ÕªA�áÔ�� %�6£§ [O�>�ô�Ç SPF ~ÃÌ
}��_� ÈÒõ�Ö�¦ /BG���s���. s�M: l�ï�r���©��Ér 1250 nm�Ð 945
nm\� þj@/u��� e����H �¦̀�	כ SX����½+É Ãº e����. s� þj@/u�_�
l�ï�r&h��̀¦ [O�>� r� "é¶
���H þj@/ 3lq³ðu��� ÷&��H 925 nm�Ð
ÕªA�áÔ\�¦ ����̂&h�Ü¼�Ð ¹¡§f��#�"f "é¶
���H %ò
%i�@/_� l�ï�r

�̀¦ ú́�2X�� ô�Ç��. l�ï�r���©��̀¦ 1220 nm�Ð ����â
r���� ÕªA�
áÔ����êøÍÒ�o(graph 2)ÕªA�áÔs���.l�ï�r���©��̀¦����or����
Êê þj@/ô�Ç #3�0A\�¦ V,�)� 890 nm ∼ 940 nm��s�\� ÈÒõ�Ö�¦
�̀¦ 99.9 % s��©�Ü¼�Ð &ñ

��¦ Ripple ]j��\�¦ r�v�>� ÷&���
þj7áx&h���� À1Ïçß�Ò�o(graph 3) ÕªA�áÔ\�¦ %3��̀¦ Ãº e����. Fig.
4��H Ripples� ]j���)a þj&h��o�)a þj7áx&h���� ÕªA�áÔ ��+þAs�
��. s� ÕªA�áÔ\�¦ �Ð��� Äºo��� "é¶
���H ���©� %ò
%i�@/_� 3lq
³ðu�\�¦ ëß�7á¤r�v��¦ e��6£§�̀¦ ·ú� Ãº e����.

Figure 4\�¦ �Ð��� 905 nm ∼ 925 nm\�"f ÈÒõ�Ö�¦s� 99.9
% s��©�s� ÷&%3�Ü¼ 9, 1020 nm ∼ 1100 nm\�"f ÈÒõ�Ö�¦�Ér
0.1 % s�
��� H�d�̀¦ SX����
�%i���.
s�XO�>� [O�>�ô�Ç þj7áx [O�>�u�\�¦ ]j¾¡§Ü¼�Ð Òqtíß�
�l� ���

\� RunSheet & Simulatorl�0px�̀¦s�6 x
�����©�q�:£¤$í
,7£x
�ÃÌ�̧	�, 7£x�ÃÌ�̧|	� x9� �̧(�YUs�'�_� :£¤$í
�̀¦ ìøÍ%ò

�#� z�́

Fig. 4. Transmittance graph of the SPF for pump pro-
tectors. (ZrO2/SiO2)

Fig. 5. Characteristics analysis of the SPF using Run-
Sheet & Simulator. (ZrO2/SiO2)

]j Òqtíß�¾¡§�̀¦ �����\� ì�r$3�
�#� Òqtíß�r�çß�õ� "é¶��\�¦ ]X�y��

½+É Ãº e����H ]j�̧ [O�>�\�¦ ½+É Ãº e����. RunSheet & Simu-

lator õ�&ñ
 ×�æ y�� Óüt|9�[þt\� Material Mean Error(y�� 8£x\�

Óüt|9�_� î̈
ç�H ErrorÖ�¦ 0.01(1 %), Material Standard De-

viation(1	� 7£x�ÃÌ, 2	� 7£x�ÃÌ\� ���Ér ErrorÖ�¦ 0.01(1 %)),

Layer Mean Error(8£xZ>� î̈
ç�H ErrorÖ�¦ 0.01(1 %)), Rate

Mean Error(= 0.01), Rate Standard Deviation(= 0.01),

Mean Change Interval(X<s�'�\�¦ ~ÃÎ��H r�çß�(0.1�í����))

1px�̀¦ t�&ñ

�#� [O�>�
�%i���. s���H µ1ÏÒqt ��0pxô�Ç �̧	�\�¦ ���

Ãº[þt\� ìøÍ%ò

�#�, þj@/ô�Ç Äºo��� [O�>�ô�Ç [O�>�u�\� ��H]X�

ô�Ç Òqtíß�¾¡§�̀¦ ëß�[þt#Q ?/l� 0Aô�Ç þj7áx&h���� õ�&ñ
s���. Fig.

5��Hz�́]j�ïh�Aõ�&ñ
\�"fµ1ÏÒqt��0pxô�Ç �̧	�Ö�¦�̀¦ìøÍ%ò
ô�Ç�â


Äº ����±ú� Ãº e����H ÈÒõ�Ö�¦ /BG���[þts���. s� ÕªA�áÔ\�"f

�Ð��� #��Q >h_� ��+þA[þt�̀¦ �̂¦ Ãº e����HX< s���H [O�>� Êê �̧

	�Ö�¦�̀¦ &h�6 x
�#� Áº���0A�Ð 10>h\�¦ ÆÒØ�¦K� ?/"f �����·p

��+þA[þts���. #�l�"f �̧��H ��+þA_� ÕªA�áÔ[þts� Äºo�_� 3lq
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Fig. 6. Transmittance graph of the AR coating design.

Fig. 7. Characteristics analysis of the AR coating using
RunSheet & Simulator. (ZrO2/SiO2)

³ð l�ï�ru�\�"f #Á	#Q��t� ·ú§Ü¼Ù¼�Ð îß�&ñ
&h�Ü¼�Ð ú̧� [O�>�

�)a �s�����H	כ �¦̀�	כ ·ú� Ãº e����.

��6£§�Ér SPF�� [O�>��)a Substrate_� ìøÍ@/Aá¤ ���\�"f Òqt

l���H ìøÍ��\�¦ \O�E�ÅÒl� 0Aô�Ç AR �ïh�A [O�>�s���. AR [O�

>� r� �¦ìøÍ�� Óüt|9�(H)\���H ZrO2, $�ìøÍ�� Óüt|9�(L)\���H

SiO2\�¦ ��6 x
�#� 28£xÜ¼�Ð [O�>�
�%i���. Õªµ1Ú\� �̧��H [O�

>��̧|	��Ér SPF [O�>�ü< 1lx{9�ô�Ç l�ï�r�̀¦ &h�6 x
�%i���. 
�t�

ëß�s��ïh�A\���� 905 nm ∼ 925 nm��s�ÈÒõ�Ö�¦s�l�ï�rs�

����� ìøÍ��Ö�¦�̀¦ l�ï�rÜ¼�Ð 0.1 % s�
��� ÷&�̧2�¤ 3lq³ðu�\�¦

&ñ

�%i���. Fig. 6�Ér AR �ïh�A [O�>�\� ���Ér ÈÒõ�Ö�¦ ÕªA�

áÔs���. ÕªA�áÔ ��+þA�̀¦ �Ð��� ·ú� Ãº e��1pws� 3lq³ðu���� 905

nm ∼ 925 nm\�"f 0.1 % s�
�_� ìøÍ��Ö�¦�̀¦ ��t���H �¦̀�	כ

SX����½+É Ãº e����.

Figure 6�̀¦ �Ð��� 905 nm ∼ 925 nm\�"f ìøÍ��Ö�¦s� 0.1

% s�
��� ÷&��H �¦̀�	כ SX����½+É Ãº e����.

(a)

(b)

Fig. 8. (a) Comparison of the design and fabrication
characteristics of the filter using ZrO2/SiO2. (b) Com-
parison of the design and fabrication characteristics of
the filter using Ta2O5/SiO2.

SPF [O�>�\�"fü< ��ðøÍ��t��Ð #�l�"f�̧ RunSheet &
Simulator l�0px�̀¦ s�6 x
�#� �ïh�A õ�&ñ
 ×�æ\� µ1ÏÒqt½+É Ãº
e����H �̧	�\�¦ 1 % (SPFü< 1lx{9��̧|	�_� �̧	�Ö�¦ &h�6 x)�Ð t�
&ñ
K� ���:r Áº���0A 5>h_� ��+þA�̀¦ Fig. 7\� ����?/%3���. #�
l�"f�̧ ·ú� Ãº e��1pws� 5>h_� ��+þA �̧¿º 3lq³ð l�ï�ru�\� #Á	
#Q��t� ·ú§�� îß�&ñ
&h�s��¦ ú̧� [O�>��)a �¦e���̀	כ SX����½+É Ãº e��

��.

IV. <gXclcÜR ýmÇ'[8ý �	¤VRË

[O�>��)a �9�'�\� ����"f s��:r�Ð�̧ �����c�� 7£x�ÃÌl�\�¦ s�

6 xK� �9�'�\�¦ 7£x�ÃÌ
�%i���. �:r ���½̈\�"f ��6 xô�Ç 7£x�ÃÌ6 x ���
/BNÕþ�!Q��H Bell Jar Types������ Box TypeÜ¼�Ð"f (ÅÒ)ô�Ç
{9����/BNl�>�_� HVC800DA\�¦s�6 x
�#�7£x�ÃÌ
�%i���.Õþ�!Q
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Fig. 9. Experimental setup for filter operation test using
1064 nm high power fiber laser.

ß¼l���H 800 mms� 9 4-segmented basket�̀¦ ��t��¦ e����.
Electron Beamõ� Thermal Source\�¦ ��6 x½+É Ãº e��Ü¼ 9,
ion source\�¦ s�6 xô�Ç ion-assisted deposition ~½ÓZO�Ü¼�Ð E-
beam�̀¦ s�6 x
�#� SiO2, Ta2O5, ZrO2 ~ÃÌ}���̀¦ 7£x�ÃÌ
�%i�

��. 7£x�ÃÌ r� Ta2O5_� 7£x�ÃÌ5Åq�̧��H 0.3 nm/min, ZrO2��H

0.5 ∼ 0.6 nm/mins���.
Figure 8(a)��H p�o� [O�>��)a ZrO2/SiO2_� ÕªA�áÔü< z�́

]j�Ð ]j���
�#� Õª :£¤$í
�̀¦ 8£¤&ñ
ô�Ç ÕªA�áÔs���. z�́]j 7£x�ÃÌ
r� µ1ÏÒqt ��0pxô�Ç �̧	�Ö�¦[þt�̀¦ y��îß�
�#� [O�>�Ùþ¡l� M:ë�H\�

]j����)a �9�'�_� F�g�<Æ&h� :£¤$í
�̀¦ 8£¤&ñ
ô�Ç ���õ�ü< ú̧� {9�u�
�

%i���.��ëß�,éß����©�%ò
%i�\�"fìøÍ��Ö�¦s�{9�ÂÒb��#Qt���H�	כ
�Ér 7£x�ÃÌ r� �ïh�AÓüt|9�s� Ô�¦ç�H{9�
�>� 7£x�ÃÌ ÷&%3��¦ �©�q���

��t��¦ e����H �̧	�ü< Óüt|9�çß� ¿ºa�\� ���Ér ÏãJ]X�Ò�¦õ� ÈÒõ�

Ö�¦_� 	�s��Ð ���ô�Ç �Ü¼�Ð	כ óøÍéß��)a��. ]j����)a �9�'���H 2>h
�Ð [O�>�u�ü< 	�s�\�¦ q��§½+É Ãº e����. �9�'� [O�>� r� 905
nm ∼ 925 nm\�"f ÈÒõ�Ö�¦�̀¦ 99.9 % s��©�Ü¼�Ð ÈÒõ�r�(��
Ü¼�� z�́]j ]j����)a sample 1�9�'�_� 905 nm ∼ 925 nm\�
��� 96.65 % ∼ 98.52 %�Ð ���2 % ∼ 3 %_� �̧	�\�¦ SX����½+É
Ãº e��%3���.

1020 nm ∼ 1100 nm\���� [O�>� r�, 0.1 % s�
��� ÷&>�
[O�>�
�%i��¦, ]j����)a �9�'�\�¦ 8£¤&ñ
K� �:r ���õ� 0 % ∼ 0.63
%�Ð��� 0.5 %s�?/_� �̧	��Ðîß�&ñ
&h����ÈÒõ�Ö�¦�̀¦�Ð%i���.

Figure 8(b)��H Ta2O5/SiO2\�¦s�6 x
�#�[O�>�ô�ÇÕªA�áÔ

ü< ]j���
�#� :£¤$í
�̀¦ 8£¤&ñ

�#� �����·p ÕªA�áÔ\�¦ q��§ô�Ç

�.���s	כ [O�>���H 905 nm ∼ 925 nm\�"f ÈÒõ�Ö�¦�̀¦ 99.9 %
s��©�Ü¼�ÐÈÒõ�r�(��Ü¼��z�́]j]j����)a sample 1�9�'�_� 905

Table 1. Output characteristics of the fiber laser at max-
imum output power.

Beam Diameter 0.8 mm

Pulse Width 15 ns

Pulse Repetition Rate 20 kHz

Average Power (Pavg) 7.5 W

Peak Power (Ppeak ) 25 kW

Average Intensity (Iavg) 0.3 MW/cm2

Peak Intensity (Ipeak) 1 GW/cm2

nm ∼ 925 nm\���� 95.61 % ∼ 99.49 %�Ð��� 4 % ∼ 5 %_�
�̧	�\�¦ SX����½+É Ãº e��%3���. 1020 nm ∼ 1100 nm\���� 0 %
∼ 0.07 %_� ÈÒõ�Ö�¦�̀¦ �Ð#� ZrO2/SiO2 [O�>�%�!3� îß�&ñ
&h�

��� ÈÒõ�Ö�¦�̀¦ �Ð%i���.
Figure 9��H 1064 nmF�g$3�Ä»YUs�$�\�¦s�6 xô�Ç�¦Ø�¦§4�\�
"f_��9�'�1lx���:£¤$í
z�́+«>�©�u��̧ �����s���.�9�'�_� dam-
age threshold 8£¤&ñ
�̀¦ 0AK� *3�áÔ�Ð ñl��� z�́]j�Ð �©��ÃÌ|̈c
F�g$3�Ä»YUs�$�_�Ø�¦§4��̀¦Z�}#������"fz�́+«>�̀¦
�%i�t�ëß�¿º

�9�'� �̧¿º þj@/ Ø�¦§4�\�"f�̧ &ñ
�©�&h�Ü¼�Ð 1lx���÷&#Q *3�áÔ

�Ð ñl��Ð��6 xs���0px�<Ê�̀¦ SX����
�%i���. 1064 nm F�g$3�Ä»
YUs�$�_�þj@/Ø�¦§4�\�"f_��9�'�_�1lx���:£¤$í
�̀¦8£¤&ñ
ô�Ç���

õ� ¿º �9�'� �̧¿º þj@/ î̈
ç�H Ø�¦§4� 25 kW (beam dia 0.8
mm), þj@/ '��¿º y©��̧ 1 GW/cm2��t� &ñ
�©�&h�Ü¼�Ð 1lx���

�<Ê�̀¦ SX����
�%i���.
z�́+«>\� ��6 x�)a YUs�$�_� Ø�¦§4�:£¤$í
�Ér, c�� ��s�Ý¼ 0.8

mm, Ò�Û¼ ìøÍ4�¤Ö�¦ 20 kHz, Ò�Û¼;�¤ 15 nss� 9, î̈
ç�H Ø�¦
§4��Ér 7.5 Ws���. YUs�$�_� þj@/ Ø�¦§4�\�"f_� Ø�¦§4�:£¤$í
�Ér
Table 1\� &ñ
o�
�%i���.

V. +sÇ Â]Ø

�:r���½̈\�"f��H~ÃÌ}��[O�>�áÔ�ÐÕªÏþ����Essential Macleod
Program�̀¦ s�6 x
�#� Air/0.5L/H/(L/H)15/SiO2_� ½̈�̧

�Ð 32>h 8£x(SPF)õ� 2>h 8£x(AR)�̀¦ Áú¢�� [O�>�
�%i��¦, s�
[O�>��)a �¦̀�	כ ���½ÓÜ¼�Ð ]j����)a �9�'�_� :£¤$í
�̀¦ 8£¤&ñ

�%i�

��.Õª���õ� 905 nm ∼ 925 nm\�"f_�ÈÒõ�Ö�¦�Érs��:r&h�Ü¼
�Ð [O�>�Ùþ¡�̀¦ M:ü< z�́]j�Ð 7£x�ÃÌ ]j���
�#� 8£¤&ñ

�%i��̀¦ M:

_�°úכs���ØÔ>����:r�
SX����½+ÉÃºe��%3���.s���H/BN&ñ¦̀�	כ�©�
7£x�ÃÌ r�~�́ M:, 7£x�ÃÌ 5Åq�̧, ¿ºa�\� ���Ér ÈÒõ�Ö�¦õ� ÏãJ]X�Ò�¦
1px p�o� \V�©�u� 3lwô�Ç %ò
�¾Ó�̀¦ ~ÃÎ�� �̧	��� {9�#Qèß� ����s	כ

��H ����:r�̀¦ ÍÇx��. s���H ·ú¡Ü¼�Ð �8 &ñ
x9�ô�Ç /BN&ñ
 l�Õütõ� ~ÃÌ
}��_� ¿ºa�ü< ÏãJ]X�Ò�¦�̀¦ &ñ
SX�
�>� ì�r$3�
�#� ~ÃÌ}��_� :£¤$í


�̀¦ �=/BGr�v���H "é¶����̀¦ ¹1Ô��?/#Q [O�>�\� ìøÍ%ò
ô�Ç����� þj

&h�_��9�'�\�¦[O�>�½+ÉÃºe���̀¦�
s���.s����õ�&ñ	כs� ź»~ÃÎgË>
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�)a����� :£¤&ñ
 %ò
%i�@/\�"f_� ÈÒõ�, ìøÍ��\�¦ "é¶
���H l�ï�ru�
\� ú́�>� ��6 x
�#� ���ª�ô�Ç +þAI�_� �9�'� [O�>�ü< ]j���s� ��

0px½+É ����s	כ Òqty���)a��. ¢̧ô�Ç ZrO2/SiO2ü< Ta2O5/SiO2

y��y��_� [O�>�\�¦ :�xK� �9�'�\�¦ ]j���
�#� :£¤$í
�̀¦ 8£¤&ñ
ô�Ç ���

õ� z�́]j \V�©��)a �̧	�Ö�¦õ� [O�>�u�, 3lq³ðu��� îß�&ñ
&h���� �9�
'���H Fig. 7(a)\�¦:�xK� ZrO2/SiO2\�¦s�6 xô�Ç�9�'�e���̀¦SX�

���½+É Ãº e����.
¢̧ô�Ç, *3�áÔ�Ð ñl��� z�́]j�Ð �©��ÃÌ|̈c F�g$3�Ä» YUs�$�\�¦
s�6 x
�#� �¦Ø�¦§4�\�"f_� �9�'�_� 1lx���:£¤$í
�̀¦ 8£¤&ñ
ô�Ç ���

õ�, þj@/ î̈
ç�H Ø�¦§4� 25 kW (beam dia. 0.8 mm), þj@/ '��
¿ºy©��̧1GW/cm2��t�&ñ
�©�&h�Ü¼�Ð1lx����<Ê�̀¦SX����
�%i���.
]j����)a ¿º ��t� �9�'��� 3lq³ð [O�>�u�ü< Ä»��
�>� 905

nm ∼ 925 nm @/%i�\�"f ÈÒõ�Ö�¦�Ér 95.61 % ∼ 99.49 %�Ð,
1020 nm ∼ 1100 nm @/%i�\�"f ÈÒõ�Ö�¦�Ér 0.01 % ∼ 0.63
%�Ð 8£¤&ñ
÷&#Q �¦Ø�¦§4� YUs�$�\�"f *3�áÔ YUs�$���s��̧×¼
\�¦ �Ð ñ
�l�\� &h�½+Ëô�Ç $í
0px�̀¦ �Ð%i�Ü¼ 9, ����"f *3�áÔ�Ð
 ñl�6 x �9�'��Ð"f 6£x6 x ��0px
����¦ óøÍéß��)a��.

Pcp��8ý òk>

�:r ���½̈��H t�d���â
]jÂÒ Ùþ�d��l�Õüt>hµ1Ï��\O� “��éß�>� 7£x
;�¤���½+Ë+þA 100 W/åL Scalable 1064 nm Ò�Û¼ F�g$3�Ä» YUs�
$� >hµ1Ï”_� {9�ÂÒ t�"é¶Ü¼�Ð Ãº'��÷&%3�_þvm���. �©�t�Ö�æ ~ÃÌ
��(ô�Ç²DGõ��<Æl�Õüt���½̈"é¶)_� Ä»e��ô�Ç �̧���õ� $í
z�́ô�Ç �̧¹¡§
\� y���� ×¼wn�m���.

Ycp w� ÃUØ ��ô
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Design and Fabrication Characteristics of Filters for Pump LD
Protectors for High-power Fiber Lasers

Seung Ho Oh

Intelligent System Research Division, Korea Institute of Science and Technology, Seoul 136-791,

Department of Electronics Engineering, Yonsei University, Seoul 120-749

Young Min Jhon∗

Intelligent System Research Division, Korea Institute of Science and Technology, Seoul 136-791

Woo Young Choi

Department of Electronics Engineering, Yonsei University, Seoul 120-749

(Received 9 June 2009)

We designed and fabricated dichroic filters for high-power fiber lasers to protect the pumping

laser diode from counter-propagating laser beams. The transmittance at laser diode wavelengths of

905 nm ∼ 925 nm was designed to be more than 99.9 %, and the transmittance at the fiber laser, or

Brillouin scattering, wavelengths of 1020 nm ∼ 1100 nm was designed to be less than 0.1 %. Since

oxide materials have good adhesion to SiO2 substrates, Ta2O5 and ZrO2 were used on common SiO2

substrates. Filters using Ta2O5 and ZrO2 were designed and fabricated, and their characteristics

were measured and compared. The filters using Ta2O5 and ZrO2 showed transmittances of 99.5 %

∼ 99.9 % at 905 nm ∼ 925 nm and of 0.01 % ∼ 0.09 % at 1020 nm ∼ 1100 nm, which coincides

with the required standards.
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