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ïá
¹k�«½í��pd.?E�� 3��., ^ 3���k��©�{ïÄ
L�=�L¡Ta"�
é 355 nm \�-1�C|N�. ïÄL², �«�N�²w�uí�½öpd���, Ïd�
³�?E���Ð
©�ú, A¦þ;�?Û�?E��«�3, cÙ´�\�1¥Y�� 25◦ ��«, Ó�A;�º��u 5 λ �í�
�3. ��«½í� uCL¡� 3 λ ±S��C?E��>��, é|�N��²w. �Xý£�O\, CL¡«
"�p�|U\, r:oêÞá���´/¤4�¸�, AO´¹k�«��/; �L¡«r:oêÅìO�¿ª
u½. �Xi��O\, r:�ê8�N¥~fª³, �i��u 3 λ �, Åìªu²���. XJ�«½í� u
�:�e�A�Å�S, -1ËìeÙ�J��uò�
pd���Ý.

'�c: L�=, ?E�, -1p��ú, ��k��©

PACS: 42.70.Ce, 46.15.−x, 42.62.−b, 42.60.Jf

1 Ú ó

â { I Lawrence Livermore National Labora-

tory(LLNL) �� [1−3], L�=1Æ����ú?E
½³��úO���{Ì��): CO2 -1?E!
�Í��¡!�lfN�¡Ú�»�\ó. Ù¥,

CO2 -1?E��ú:, 3 6.7—12 J/cm2@11 ns -
1Ëìe, �ú³�¤õÇ� 71.4%, ·�O\-
1õÇ?E�, �ú³�Ç�� 94.1%[2], Ïd CO2

-1?E´8c³��úO���Z�{. ü:?
EoNþ©�üa: �1� (-1ìÑ�1�) ?E
Ú�1� (à�1�) ?E, K�?E�J�Ì�Ï
��)-1ªÇ!-1õÇÚ�^�m. �1�?
E�{�`:3u?E«±LK�Ì, Ø´�)�
¡, ":´K�«��, AOé1Æ���¡/K

���, Ïdéu�
î�º�����Ý�f�
Ñ:G��ú?E�J�Ð [4]; d	, �1�?E
�{�N´�)í�, éuîõ����«��3
�U��?E��¹. �1�?E�, ?E:±
�k²w��¡�)��¡ (debris), ù«�¡N´
��?E:�2g�ú [5].

��k��© (FDTD) �{¦^�©CqÚ²
þ�Cqò¹�� Maxwell ^Ý�§lÑ�S�
ª, >|Ú^|©þ3�mÚ�mþ�OÄ�, z
���:> (^) |©þ���6uT:c���
��Ú�7§�c�����^ (>) |©þ� [6].

"�é1|�N��æ^T�{?1�[, éu
�{pd.?E� u\�¡�ïÄ®k�½(
Ø [7], éuo±kàå½ö]�G�pd?E�
: [8−10], �'��[ó���3mÐ [9]. �©Ì
�Xúu¹k�«½í����{?E�, |^ 3
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� FDTD �{, �[¿µ�
�«½öí��º�
� �é?E�|��ú�K�, �ªÏ"�ùa
"����Jø�½�þz�â, d�ó����
��.

2 Ôn�.�O��{

L�=á�� Corning úiÜ¤� 7980 .�
¬��z7, ÙàÄ¹þ� 800—1000 ppm[11], Ä
k3ßÝ� 1%��Í��À�¥?1�¡, �¡
�m� 10 min, �ØL¡�1�È�, ���Ý/
�³L¡ÚæL¡Ûõ�"�. éu^ 355 nm -
1�E�î�º�� 200 µm ��ú�, æ^ CO2

-1?1ü:?E, ?E�ª�½:Ëì 1—3 g,

-1õÇ 14—15 W, $1ªÇ 15kHz, pd1��
» 2 mm(1/e2), ügËì�m 4—5 s. ¤^ CO2 -
1ì.Ò��Zúi�E� GEM-100L ., ¥%
Å�� 10.6 µm, �pó�ªÇ� 25 kHz, CW �
ª��õÇ� 100 W, -1õÇÏLÓ�'?1
N!. ²Ó+¤ÿÁL², Ta?E��î�º�
� 350—500 µm, �Ý�ê���A���Ø�.

ã 1��ú��?E���à�w�ãÚ1Æw
�ã, ã 1(a) �ú�Sý]àØ², �c��, ��
¥m��, '©z [12] ����ú��ý¡1Æw
�ã��/�Ú�ß; ã 1(b) ?E�Sý1w, �
òÓ+¤ÿÁ¼����êâ�\ Origin �ã�
U^pd¼êéÐ/?1[Ü, Xã 2,©z [7, 8]

?1
�'��. ?E�, k
�:Ñy
í�, ½
ö.ýk
N�«�?E��, Xã 1(c) Ú (d),©
z [4, 12]��'��. �?E�«Ly��Ý�ê
����A����µ4«m, ��´Ï�îõ�
�, �u CO2 -1�áÂ�Ý, 3Ëì�mSÏL
9D�¼��9þØv±òÙLz. í��º�l
ê�����õ���Ø�, ïÄL², æ^Åì
O\ CO2 -1õÇ¿õgËì��ª�k���
í��êþ.

ó§A^¥, L�=���Ð©�ú:º��
�Ñ��, �»3 20—50 µm þ?, ?E�:��
�º��kCz��. du FDTD �{C|�[�
Û�5, =¦´ù���º���Ø���Uì¢
S�¹5?1ïÄ. Äud, �U �º�?1�
[, F"U¼����5�(Ø.

ã 1 �ú��?E���à�w�ã ((a), (b)) Ú1Æw�ã ((c), (d)) (a) �ú�; (b) pd.?E�; (c) ¹k�«�?E�;

(d) ¹kí��?E�
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ã 2 ?E��pd[Ü (—– ¢��, - - - - - pd[Ü)

ïáXeO��.: ¹kí�½�«�pd
.?E��.Xã 3(a) ¤«, �
�©Qã��
B, òpd��R�u x ¶�é¡�¡½Â� α

¡; R�u z ¶��¡½Â� γ ¡ (γ ¡kõ�,

e z = n K¡� γn ¡). 3pd� �®���¹
e, �
£½�«½í���é �, Ú\ü�C
þ: ý£ (L�î�må) Úi� (L�R�ål),

Xã 3(b). 3 α ¡SI£�ëê (ã 3(b)): �pd.
?E�°� a, �� b; ��«÷ x ¶��ò�, 3 α

¡S¥.>²1u�=L¡���n�/, ��«
°� a1, �� b1, �� e1, ý£� c1, i�� d1; �
í��¥G, ��»� r, ý£� c2, i�� d2. �
[L§¥¦^�^=pd¡�§�

z(x, y) = z0 − b e−ξ/a2[(x−x0)
2+(y−y0)

2], (1)

Ù¥, (x0, y0, z0) �pd¼ê3�[�S�¥%
�I (Xã 3(b)), z = z0 ��=Y²L¡, b �
� : � �. ¯ ¤ ± �, ù � ¼ ê � o ± òÃ�
/ ì C z = z0 ² ¡, ² O �, � ξ > 18.4 �,

|z(x, y)| > z0 − 0.01 b,�
¦ a U
�Ð/£ã�
:�°, O��� ξ = 20, d��:>÷l z = z0

²¡�ål=� 0.0067 b, �±Cq@�´?E�
�Y²L¡�©.�.

�[�, pd�: uL�=��L¡ (X
ã 3(a)), =-1÷ z ¶���\�, �[�æL¡
����N«�, � u�m(k��IX�1
�%�. -1Å� λ� 355 nm, \�Å�÷ x ¶�
4z�þ!²¡Å, >|Ì�� 1.0 V/m. L�=
��é0>~ê εr � 2.25[13,14], �©��º� δ

3n���þþ� λ/12, �mÚ� ∆t � δ/2v (v

�ý�1�), TU÷v Courant½5^� [6]. æ

^ Berenger ������ (PML)áÂ5>.^�,

PML �þÝ� 9 δ[6]. � CO2 -1?E�ú��,

�ÑL�=�ù	-1ÛÜ9?nÑy¬z�
��1Æ��É5 (�'ó�ÿ3ïÄ�¥), �Ñ
æL¡duLKðz9�È����zÆO
þ'"� (SiOm, 0 < m < 2)[10,15], ¿@�"�«
���X�íW¿.

ã 3 ¹í�½�«�pd.?E��. (a) n�(�«
¿ã; (b) �� α �¡«¿ã

3 O�(J�©Û

3.1 üüü���"""���ééé111|||���NNN���

duïÄL§¥Cþ�õ, ÏdI�éü�p
d�:!�«Úí��|N�?1ïÄ, ±¼��

|©Ù�½5�±9º��þz�.

3.1.1 ü�pd�é1|�N�
�½n�o|´ 210 δ × 210 δ × 135 δ, �

mÚê N = 1700, Y²©.¡ z0 = 120 δ, p
d.?E��° a = 120 δ, � b l 6 δ ÅìO
� � 120 δ, Ú �� 3 δ. ã 4(a) �� � > | Ì
� (|E|max) ��Ý�Cz, |E|max �X b �O�
kO��~�, � b � 84 δ � (°�'� 1.4), α

¡Ú�N�[�Ó���ØÓ���, Ù�©O
� 2.80140 V/m Ú 2.93801 V/m, éA�1rOrÏ
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f (LIEF, |E|2)[16] ©O´ 7.8 Ú 8.6, ��üg�[
���N�¿��½Ñy3 α ¡þ, Ïd,�
¼
���¡�&E, k7�é α ¡Ú�N�[���
¹©OÚO. ã 4(b) � b = 84 δ � γ ¡� |E|max

©Ù, 3 z � 36 δ—120 δ �"�«, |E|max Ñyü
g4��, ©O u γ113 Ú γ43 ¡?, ïÄL², �
C�.�4��3 b > 55 δ ���²w.

ã 4 pd�|N�� |E|max ©Ù (a) |E|max � b �'
X; (b) γ ¡� |E|max ©Ù

ã 5 ´ b = 84 δ �pd��>|Ì� (|E|) ©
Ù, dã 5(a), α¡3CL¡���Cpd�� �
>|�r; dã 5(b), CL¡«γ¡�>|�r:Ì
� u�Cpd� 2 �Å�ålS. ù´Ï�3C
L¡«, pd�ÇCz�²w, �þ���ÅÚ
\�Å�U\N´��æL¡|Or, ÏdCL¡
«��Cpd��«��N´¤��ú�â»:.

l¢�y�5w, 3n�ª-1�Ëìe, Ð©�
ú:�k�U©Ù3pd��>�NC, ù�ê 
ïÄö������ [7,8,17]; ,	, XJ�õÇ¿õ
gËì, 3�:¥%NC��U�k�þ��ú:.

� � � � � � � � � � � � �� �� �� �� � �� � � �� � �� � �� � 		 � �
��  � ���� � � �� � � � � � � � � �� �� �� � �� � � �� � �� � 	� � �� � �
� � �

� � � � � � � � � � � �
� � � � � � � � �

ã 5 pd.?E� b = 84 δ �� |E| ©Ù (a) α ¡; (b)

γ116 ¡

3.1.2 ü��«é1|�N�
�½n�o|´ 80 δ × 200 δ × 135 δ, �m

Ú ê N = 1000, � ½ �«� i � d1 = 20 δ,

° a1 = 80 δ, � e1 = 80 δ, � b1 l 6 δ ÅìO
\� 114 δ. dã 6(a), �X b1 �O�, α ¡Ú�N
�[�� |E|max �þkO��~�, � b1 = 87 δ

������, üö����©O� 4.79482 V/m

Ú 4.92830 V/m. Ó�, ��Ýl 6 δ � 87 δ �, �ö
� LIEF d 7.7 O\� 24.3, O\
 2 �õ. ã 6(b)

´ b1 = 90 δ Ú 87 δ �¤k γ ¡� |E|max ©Ù, �
�l�«�.Ü�ºÜ, |E|max þÅìO\, ¿�
��N�Ñ u�"�«� (γ109 ¡), Ó�, γ100—

γ120 ��"�« |E|max �Þá²w'"�«��
�õ. Ïd, ��«�°��º����, N��Z,

d�\�1��«¡�Y�� 25◦. ��«i\�
=NS�f�, �«�þ��ÒK«üýN´Ñy
��|©Ù, Ð©�úéN´u)3T«�. s7
J�<é�³3�=L¡�î�yè?1
�'
ïÄ [14], �´��Ñi\�=NS��«�|N
�1�.

ã 7� b1 = 87 δ �, �« α ¡� γ ¡� |E| ©
Ù, ã 7(a) ¥, z = 120 δ��=L¡, z = 100 δ��
«��=�þ©.¡. Ù5Æaqupd�, =�
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�CL¡>|�r, ¿3CL¡ 2 �Å�S|Or
��²w. 3"���þ� (100 δ < z < 120 δ

�), ß � | 4 f, / ¤ � ¬ Ò K «, ù ´ Ï�
éu 355nm �\�-1ó, L�=�ò�Ç
� 1.475, d�, \�1��«¡�Y�� 25◦, �
�÷v���^�, Ïd"�þ����þß�|
5u�mü>�=«��û�. ã 7(b) Ú (c)�

å z = 100 δ þ� 10 δ �ü� γ ¡� |E| ©Ù: γ90

¡¥mÜ©��íW¿,  γ110 ¡�d�=|¤.

é²w, du���, γ110 ¡¥m«�ß��>^
Å4�. ²ÚO, "�«� γ90 ¡ |E| > 2.0 V/m �
�ä:ê8 (r>|:, {¡r:) � 197 �; �
"�«� γ110 ¡T�:=k 74 �, w,cö�r
:©Ù�2.

��� ����� ��	
� �  � � � � � � � � � � �� � � ���
�� � � � � �� � � � � �

� � �
ã 6 �«|N�� |E|max ©Ù (a) |E|max � b1 �'X; (b) γ ¡� |E|max ©Ù

� � � ���
������ � � �

� � �
� 	 � � 
 � �  �� 	 � � 
 � �  �

� 	 � � 
 � �  �� � � � � � � � � � � � �� �� �� �� �� � �� � � �� � �� � �� � �� � � � � � � � � � � � �� �� �� � �� � � �� � �� � �� � �� � �
� � � � � � � � � �� �� �� � �� � � �� � �� � �� � �� � �� � � � � �

� � �
ã 7 �« b1 = 87 δ � α ¡� γ ¡� |E| ©Ù (a) α ¡; (b) γ90 ¡; (c) γ110 ¡
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3.1.3 ü�í�é1|�N�

�½n�o|´ 150 δ × 200 δ × 155 δ, �m
Úê N = 1700, Y²©.¡ z0 = 140 δ, í�i
� d2 = 60 δ, �» r l 6 δ m©, zÚO\ 3 δ �
� r = 57 δ. ã 8(a)� |E|max � r O��'X, l α

¡� |E|max ©Ù5w, �LyÑ²w�O~5Æ,

ã 8 í�1|N��º��A (a) |E|max � r �'X;

(b) r:oê� r �'X

Ù�©Ù3 2.0—2.6 V/m; �N�[�� |E|max ¥
Ñ�O\ª³, �ÌÝ4�, 3 r O\
C 10 ��,

|E|max OþØv 0.4 V/m. ã 8(b)��N�[�S
r:ê8 (|E| > 2.0 V/m �oê) � r �'X, ù
��������mLyÑ�5Æ´: �Xí��
»�O�, r:oêk×�O\, � r > 30 δ �r
:ê¼����é��½���O��, =¥�
f�{ÄO\. í��\�¡´c�¥¡, �?¿
í��-1�\��Ñ´ 0◦—90◦ �ëY��, é
u 355 nm �\�1, í�\�¡.ýé “²"”, \
���, N´ß�, l.Ü þ£Ä, ��ÇÅìO
������. �^4�{?1�½: � r 4��,

duû��^±9Ñ�¡È��, �N��f; 3 r

O��L§¥, í��L¡ÈO\, ��¡Or$

�u)���, ?N�Or, Ly�>|Ì��
r:ê8ÑkO\; � r UYO��, AO´��
ê����, d���>|N�Ë�Ä�ð½, º
�O����|OrÌ�dr:ê8�O�5N
y, w,r:ê8�¥�L¡È (º�) ��', Ù
Ly7,´��k5Æ5/{ÄO\ (ã 8(b)). 5 λ

�º��´ù�'!:, 3dº��þ�í�éN
´3C|E¤�¡È�Ð©�ú, I�Xå;�.

Ïd, s7J�< [13] ïÄ�Ñ�0>~ê�uL
�=�,�é|�N�Ø�Ùº�UC²wC
z, Ì�´Äu>|Ì���Ä, �òr:ê8
B\�	��, AT´Ø
O(�.

��� ����� ��	
� �  � �� � � � � � � �� � � � � � � � � � � � � � � � � � � �� � �� � �� � �� � �� � �
ã 9 í� α ¡� |E| ©Ù (a) � γ ¡ |E|max ©Ù (b) (a)

r = 30 δ; (b) r = 30 δ � 45 δ

ã 9 ´ r � 30 δ �í� α ¡� |E| ©Ù� γ

¡ |E|max ©Ù, d α ¡�� (ã 9(a)), í�|O
r´Ï�í�ò1|�ü>ò�, \�Å�ò�
Å�U\����¥¡±�Ñyr« [13]. À�
ã 8(b) ¥�ü�4��: r = 30 δ Ú 45 δ, Ù γ ¡
� |E|max ©ÙXã 9(b) ¤«, 31|-�í��,

|©Ùl 1.0 V/m �m4�Or, �3 3 �Å�S
O� 2.2 V/m �m{Ä, �K�
DÂ��þ��
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���«�. '� r = 30 δ Ú 45 δ ü^�, d�
üí�3º�þ�� 30 δ, Ù��N��p�C,

�´ r = 45 δ ��3�Nþ²wkÑ��þ�,

Ù(J7,¦ |E| > 2.0 V/m �êâ:²wOõ,

�ã 8(b) Ly��.

nþ, l>|Ì�5w, �«�N�²w�u
í�½öpd���, í�Úpd��N��p�
C; l5Æ5`, í�|N��5Æ�é�f�õ,

�I�/Ï¤kêâ:��éÚO5`². pd�
��úâ»:8¥3���>÷, åL¡� 1—2

�Å�; �«�°��º��C�¼��N�, Ù
�r|©Ù3�CL¡�ÒK«üý, �d?�r
:ê8Ø9"�«�õ; éuí�, �Ù�� 5 λ

�, é|�N��ÙL¡È��', Ly�r|:
k5Æ/��O\.

3.2 ���«««ééé���{{{pppddd������|||NNN���

�½n�o|´ 136 δ × 250 δ × 135 δ, �m
Úê N = 1700, Y²©.¡´ z0 = 120 δ. �
½ a = 120 δ, b = 80 δ, a1 = 40 δ, b1 = 30 δ,

e1 = 60 δ. ÄkïÄ�«ý£�ëYCzé|©
Ù�K�, �
Bu'�, �½i� d1 = 0, 25 δ

Ú 50 δ n|þ, ý£ c1 Kl 45 δ m©ÅìO\. Ú
O
r:ê8� c1 �'X: dã 10(a), i�� 0,

�ý£ c1 � 105 δ—111 δ �, α ¡Ú�N�[��
�����©O´ 178 Ú 8436. dã 10(b), i�
� 25 δ, �ý£ c1� 147 δ �, α ¡Ú�N�[��
�����©O´ 250 Ú 10270. dã 10(c), i�
� 50 δ, � c1 > 70 δ �, α ¡Ú�N�[�þ¼�
½���, ÙÌ���©O´ 30—60 Ú 3400—

4500. lê�5w, �«�³3L¡� (d1 = 0),

Ùr:oê����¿���, �'�e, i�
� 25 δ k��N�, � d1 = 25 δ �I����ý
£âU��T���, ùA8(u�«þ�r«�
�z, ±9�«��Cpd�L¡Ç��� 
�, üö��p�^�²w, ùÑ�lü�"��
|©Ù¼y. oN5`, ��«î\�f� (d1 = 0,

25 δ), L¡NC"�p��r|:�õ, �Þá�
�, ù´d�«Úpd��m-��|Z�E¤,

Ïd�Xý£�O�, N´Ñy4�¸�, �üö
ålv
��|©Ùòªu½; ��«î\��
� (d1 = 50 δ), ü�"�p��|N�Þá��,

�Xý£�O�, üö�m��p�^¬�5�f,

�[«��r:oêCquü�"�|N���
êÚ, ¤±é¯ÒÑy
½����. ã 11 À�

 c1� 45 δ—120 δ �, |E|max � c1 �'X, �� α

¡Ú�N�[�Ñ´3 d1 = 50 δ �, |E|max ��
é��; ¿��i���� (d1 = 0, 25 δ), |E|max

�Þá²w��, � d1 = 0 �Þá��ì�.

ã 10 ¹�«pd�r:ê8� c1 �'X (a) d1 = 0; (b) d1 = 25 δ; (c) d1 = 50 δ
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� � � � � � � � � � � �� � �� � �� � �� � �� � �
� � � � � � � � � � � �� � �� � �� � �� � �� � � 	 
 �

	 � � � � � � � � � �
� � � �

� � � �
 � � � � �

 � � � � � � � � � � � � ���� ����� ��� 
��� ����� ��� 

ã 11 ¹�«pd� |E|max � c1 �'X (a) α ²¡; (b)

�N�[�

�
ïÄ�«i��ëYCzé|©Ù�K
�, �±Ù¦þØC, �½�«ý£ c1 = 81 δ, i
� d1 l 0 δ ÅìO\� 80 δ. dã 12, �Xi��
O�, |E| > 2.0 V/m �ê8Ú |E|max ©Ù�Nþ
´¥~fª³, ����r«8¥3L¡� 30 δ ±
S, � d1 > 30 δ �, N�Åì²�, ù´æL¡«�
�"�N�:rÞá¿2U\�(J, <y
þã
?Ø. �[¥, α ¡����� 93 �, 3.23964 V/m,

�N�[�S���� 6875 �, 3.84404 V/m, éA
�� LIEF ©O 10.5 Ú 14.8.

�/�£ã|©Ù�A:, �Ñ¹�«pd�
� |E| ©Ù (ã 13). ã 13(a) � γ ¡�¹, þ�´
pd�, e�´é¡©Ù3pd�NC��� 60 δ

��«, ���«Úpd��m(¢�3X�r�
N�«, (Üã 10, �üö�áål� 2—3 �Å�
�, �«Úpd��m�ú��N��� (ã 13(a),

(b)). ã 13(b) ¥, �«��þ�k�¬ÒK«, �
âc©?Ø, ÒK«üý�kr«�3, âã«, T
r«òòY� 2 �Å�. Ó�XJ�« u"��
e��½�ål, Ù�^��u��
"���Ý,

ã 13(c) ´T�« u° 120 δ � 60 δ �pd��

�e�, �Ðéd?1
�y. XJ�«?upd
��e��ål�u 2—3 �Å�, pd�Ú�«
òØ¬3|©Ùþû�0Ï, �âþ©(Ø, d�
üö��pK��~f, �I��Äü«�g�|
N�=�.

ã 12 ¹�«pd��1|N�� d1 �'X (a) r:ê
8©Ù; (b) |E|max ©Ù

3.3 ííí���ééé���{{{pppddd������|||NNN���

�±n�o|!�mÚêÚY²©.¡� 3.2

��, �½ a = 120 δ, b = 80 δ, r = 18 δ, d2 = 25 δ

Ú 50 δ,�ïÄí��ý£é?E��|N��K
�, í�ý£ c2 l 33 δ m©ÅìO\. ã 14(a)

� (b) �r : ê 8 © Ù. d ã 14(a), � X c2 �
O �, � N � [ � � r : o ê k Å ì O \, é
u d2 = 50 δ, 3 c2 �� 70 δ �, ��ªu²�,

ÙÌ���´ 2680—3148; éu d2 = 25 δ, � c2 �
� 93 δ �, ���ªu²�, {Ä�� 2654—3427.

w,�öI����ý£âU��½, �½
�, Ù���ÌÝ��. ã 14(b)� α ¡�¹, ÙO
~5ÆØ9�N�[�²w, �w, d2 = 25 δ �
{ÄÌÝ���
. ã 14(c)� α ¡Ú�N�[�
� |E|max ©Ù: éu d2 = 50 δ, �X c2 �O�, α

¡Ú�N�[�� |E|max Ñ�~², Cqu�
^Y²�; éu d2 = 25 δ, α ¡Ú�N�[�
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� |E|max þåÏ�~�, ¿�3 c2 = 69 δ �, Ñy

é²w�r¸. �[L§¥, cö α ¡Ú�N�
[�S��� LIEF ©O 6.2 Ú 9.8, �ö�éA�

©O´ 10.8 Ú 11.9, ²wpu d2 = 50 δ ��¹. Ï
d, �í��CæL¡��, "�pu�|N��
\ì�, Ï�í�Ú?E���pK�ìr.

� � � � � � � � �� �� � �� � �� � �� � � �� � �� � �� � �� � � � � � � � � � � � � �� �� �� �� � � �� � �� � �� � �� � �
� � � � � � 	 � � 
 �� �� �� �� � � �� � �� � �� � �� � � � � ������ � �  ��� � � 

� � � � � � � � � � � � � � � � � �
� � � � � � � � �� � �

� � �� � �
ã 13 ¹�«pd� |E| ©Ù (a) d1 = 0 δ, c1 = 111 δ � γ117 ¡; (b) d1 = 50 δ, c1 = 69 δ � α ¡; (c) b = 60 δ, d1 = 65 δ,

c1 = 0 δ � α ¡

ã 14 ¹í�pd�r:ê8©Ù ((a), (b)) � |E|max ©Ù ((c)) (a) �N�[�; (b) α ¡; (c) |E|max ©Ù
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�ïÄí��i�é|©Ù�K�, �½ý
£ c2 = 75 δ, í � i � d2 l 0 δ m © Å ì O
\, � ± Ù ¦ þ Ú � [ ^ � Ø C. ã 15(a) � α

¡Ú�N�[�r:ê8©Ù, � d2 < 40 δ �
r : ê 8 � � � © - �, � d2 > 40 δ � � Ì
²w~f, �� d2 = 40 δ �Ù'!:; ã 15(b)

� α ¡ Ú � N � [ � |E|max © Ù ã, Ó � ´
�CL¡�Ü©, ����ì�. �[L§¥,

α ¡ Ú � N � [ � � LIEF � � � © O ´ 7.6

Ú 12.2.

ã 16 �¹í�pd� |E| ©Ù, �ã 16(a),

(b) Ú (c), lγ¡Úα¡Ñ�«
í�Úpd��
m(¢�3²w�r«. d	, í��þ��Ò
K«�Xi��ØÓk¤UC, �CL¡�, É
�.¡�K�, ���� (ã 16(b)), i\��K�
� (ã 16(c)), �
�½�ÝÒK«�º�Kªu
½, �½º��T"����C, �«�kaq
�(Ø. ã 16(d) ´Tí�3° 120 δ � 60 δ �p
d���e�NC, Ù5Æaqu¹k�«��/,

Ø2Kã.

ã 15 ¹í�pd��1|N� (a) r:ê8©Ù; (b) |E|max ©Ù

ã 16 ¹í�pd�� |E| ©Ù (a) c2 = 75 δ, d2 = 30 δ, γ94 ¡; (b) c2 = 81 δ, d2 = 25 δ, α ¡; (c) c2 = 75 δ, d2 = 40 δ, α

¡; (d) b = 60 δ, d2 = 80 δ, c2 = 0 δ, α ¡
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4 ( Ø

�©ïá
¹k�«½í��pd.?E�
� 3��., T�.�9pd� 2 �Cþ!�« 5

�Cþ!í� 3 �Cþ. ïÄ
Ta"��º�!
i�Úý£�ØÓé?E�C|N��K�. éü
�"��ïÄL²: �«�N�²w�uí�½ö
pd���, í�Úpd��N��p�C; í�
�|N�KI/Ï�N�[�r:oê�ÚO5
`². äN5`:

1) pd���úâ»:8¥3���>÷, �
ålL¡� 1—2 �Å�. éu°� 120 δ �pd
�, �Ù�� 84 δ �, �� LIEF � 8.6.

2) éuNS�«, r« u�«¥þÜÚ�þ
�ÒK«�üý, ��"�«r:ê8²w�u"
�«. ��«�\�1¥�Ý� 25◦ �, ¼���
N�, �� LIEF �� 24.3.

3) éuNSí�, r« u��¥¡�müý,

�Xí�º��O�N�ìr, �Ù� 5 λ �, r
:oê�ÙL¡È��', Ly������O\.

�[L§¥, �� LIEF� 7.9.

éu¹k�«½í��pd�, r« u�«
�pd�!í��pd��m. �üö�å��
� (i�½ý£��), r:oê�pØZ6��
êÚ, Ly�²���. ��«½í��i��
u 3 λ ��C?E��>��, é|�N��²w.

ù´duCL¡«"�é|�6Äþ�~-�, �
¦U\��o>|Þáé�, cÙ´¹k�«��
/, �Xý£�O\, éN´Ñy4�¸�. �Xi
��O\, r:�ê8�N¥~fª³, �i��
u 3 λ �, r:ê�>|�ªu½��. XJ�«
½í� u?E��e�A�Å�S, Ù�þ�ê
�Å��ÒK«¬ò�öÚÜ��.
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Abstract

Three-dimensional (3D) model of Gaussian repaired site contained crack or bubble is establishd, and 3D finite-difference time-

domain method is used to simulate near-field modulation of 355 nm laser incidence by those defects on fused silica rear-surface. The

results show that we should avoid any unrepaired cracks, especially cracks with incident angle of 65◦, and the size of bubbles should be

less than 5 λ. All of the above can contribute to the weakening of the modulation around repaired pit. When crack or bubble distributes

in the near-surface area (< 3 λ) and close to the edge of pit ring, the field modulation is obvious. With the increasing of lateral gap,

there will be a maximum due to electric field fluctuations near the surface area, especially when cracks are contained. And the electric

field gradually stabilized when lateral gap is far from the surface. As the vertical gap increases, the number of large electric field grid

points decreases, and stabilized oscillation emerges when vertical gap is larger than 3 λ. If cracks or bubbles are located below Gauss

repaired sites within a few wavelengths, its depth seems to be enlarged under irradiation.

Keywords: fused silica, repaired damage site, laser-induced damage, FDTD

PACS: 42.70.Ce, 46.15.−x, 42.62.−b, 42.60.Jf
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