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4·�ÞË�I�<NR���5I�4·'�<Nã���*�6y��
äþ.��v

��W�1Ö©I�M¡®�ã���*�o�
äþ.��v"B�����Ö©I�9

�:';�MV

V

0>ÓÞ-��)Ë-,£ÌÍ"�{D�ê÷øÏùéúç"��ÔV

£«¬_|ÆÀª¥V

t\¨±uv~�Þ-��)Ë-,£ÌÍ(Eí÷.���,)"���{D�êç�da
1��{R�(ËØ�Xo�½v)D�êR�(�ê7""»)��{D�ê�¡�"	�")
�*"@A�78�(X��^£Á"��Ãõ(½v�Xo�8v�9ËØ�)"º»�|Ó
�LM 



�- 22

V ���{'~��{R�Ãõ"ËØ(100:900V)�Xo(4:60 i)�½v(200:4002)�
B�¡+��{,�_jñ��1�;iC�{�¡�u�R�4·�Ì®­��LMxL�

9¢®���{,�N�1�]ï�h(350:4502)�9ËØ(100:900V)"º»�|Ó�L
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I�9�:i­�LMxL��æ[�o"�ê�v<�i=�O,�~D.ríÞ���
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Z5o�é`op�~.�í�ê£"f����9��J°�é$��~.�í��o�

ÌÍD��·,)�*�ùu�é)�*+�,�GH�L� 
 
�S�
 #$
%&


UV \�ÌÍ"%îÎÏ)�* 
$� MEMS �~.�í��[��ø�1�7�L�iÆEí÷.(Poly-Si)éAléNié

SiO2éSiNérí-[��"%îÎÏäpy�OM")�*�é��éë¢®�x�ü1Ì
Í)�*+�,�34�L�ë¢Ö¢"�ÌÍ"\�R��Ö 3-5-4�©I�C`éóiÆ
Eí÷.(Single-Si)�da1~éSOI�/��£a1é��7�L� 
 

Ö 3-5-4V \�ÌÍ"%î°ÎÏèvé�äpy�OMé�"Lü"ñÍÒW 
 

ÌÍ \�ç �¼F\ Q]ÌÍ Q]¼F\ �ø6 
KhR�V �[ 

Poly-Si LPCVD 1 SiO2 0.5
�OMR�V ¨[ 

Al ,ãä* 1 SiO2 0.5 ©[ 
Al-Si ,ãä* 1 SiO2 0.5 ¨[ 

EBéê 0.25 SiO2 0.5 ©[ 
Ni 

,ãä* 0.5 SiO2 0.5 ¨[ 
ïð� 1 C� �[ 

PECVD 1 C� ©[ SiO2 
LPCVD 1 C� ¨[ 
LPCVD 0.2 SiO2 0.1 KhR�V �[ 

SiN 
LPCVD 1 SiO2 0.1 �OMR�V ¨[ 

^_`abcd ef_ghic 5 C� �[ 
Single-Si SOI 8 SiO2 1 �/���Þoµj¨

 
\�ÌÍ" .�q"é� 
\�ÌÍ" .�q"é��~é���s!Ö�ÙÏáç`op��-.).F�E�

.ç�£aL�� 3-5-10 ~���s!Ö�ÙÏáç"é�l�£ALOtecDresden [7�
LAWave®¥'(��xLéé�"�h�� 3-5-11�©I�Zãæ,����oµïÙÏ°
�/kT"Ö�álm��n¡+éoU x �0��L]é9"lmá�þ¬C|�\£$
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é�'~ØË�õ¥�oµ|�I�9��oµéÖ��ïp�æ"�¤\i�ÊdÖ�á

"i��é�I��u®¢Li��ý£öì�v vs zá�¥�h�Ù�£a1��äF
�.�I�9��oµéËæ�Ì�¦�ÌÍ" .�q�u�� 

V V V V V  

� 3-5-10V ���s!Ö�ÙÏáé�l�V V V V  V � 3-5-11V é��hV V V V  
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� 3-5-12V ���s!Ö�ÙÏáç�oµu®¢LÄ\�ÌÍ" .�q 

 
é�i_�� 3-5-12 �x�ü1©I�Ä�~.�í�"Ä\�ÌÍë¢Ö¢�da1�
õ"�/�"é��7aéé�!"tô�©�1a���iÆEí÷.éAl `op Al-Sié
Niéïð� SiO2éPECVD`op LPCVD-SiO2éSiN")�*~é���s!Ö�ÙÏá
ç�o�<"'(µérí-[�")�*�da1~��-.).F�E�.ç�o�<

"'(��ë¢Ö¢"ÌÍ'é�["MEMS�~.�í��o�ñÍ"é��7�Lø­é
�iÆ Si`op SiN�da1~¨["MEMS�~.�í��oµ�7¡¢L�OMR�
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'"��da1<é .�q"é��7�1a��  
Al `opïð� SiO2 �da1~éËæ�Ì�øÊ(Ò" .�q�Cµé�~.�í
���/�o'"�®d;<Ç¡­�L�xLé�iÆ SiéSiN`op Ni'~é���¼
�£a1 .�q�W��L�9péé�!��®d;:=®¢LLüé�¼�>é�ë

"!�£a1 .�q�W��L��¼"Xv:æ<�L9��oµé�~.�í�o'

"�®d;~qÇ�L� .�q"!~é�~µËæ�ÌÍ�Þa<"�C�L�  
�OMR�'"��da1~é�iÆ Si~0×R�"<"�(�'Ëæ�Ì�Þa .

�q�C�1a�:éSiN '~0×R�"\�ÌÍ�Ëæ�Ì�sÂ1 .�q:Ç¡a

�a8é�i_�C�L����s!Ö�ÙÏáç'~éë"é��h­®�"�v:é

�i_�À;xº»I�9�é�OMR�" SiN '~ Si � N "X\s:Ëæ�Ì"<"
­®Ã¢�9�:�®¢1a�9�C&­®éé�!��"�v:º»�1a�B&Ï:

(��9¢�¥¦I�Lüé��-.).F�E�.ç�o�é�i_�"s	�7�L�

�úç�o�é�i_~àxÒ*�é�OMR�" SiN '~é .�q~Ëæ�Ì�0×
R�"��sÂÇ¡a9�:¥¦¡¢L� 
rí-[���da1~é���s!Ö�ÙÏáç'<é�~B&'(�L:éé�!

"�®d;C&é�Xv"�­®é)�*+�,�~��-.).F�E�.ç�oµé

��L)�*�r£�L�rí-[�" .�q~�["�~.�í�'ÆC�i_�C

�L:érí-[�~�x""#��Þ�­®�ÝC7s:àt¡¢1`µé�~.�í

�Ä[:r£�1a�ÌÍ"Âa�o�<"��y®¢��rí-[�" .�q~!�

� Si �"ÌÍ�sÂ1Ç¡x� MPa ûv'(µéÄ[�o�Âa~(�<""Ò���
®¢1a�ûÖ°C!�(ûv�C�L� 
P<"i_oµéé�)�*��µx�üéÐjE,F�"ÌÍ)�*+�,�:4�

L� 
 
\�ÌÍ"y�OM"é�� 
\�ÌÍ"y�OM"é��~é� 3-5-13 "l��£a1é� 3-5-14 �©Io8�#

�"�q�ñª°�é�I�úç�£aL�y�OM~é�"bu�o�#�"�q"B

�­®éW��L� 
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� 3-5-13V \�ÌÍy�OMé�l�V V V V V � 3-5-14V y�OMé�"�h 
 
� 3-5-15�Ä"\�ÌÍ"×½"�"'"y�OM"é�i_�©I�Ä�~.�í�

�o�ÄÌÍ"��da1é�Cx�<©õP<"�/�"é��7aéé�!"Xv�

¦ Ï�¥¦�1a�� 
Poly-Si��da1~éIÂ1"�~.�í��o��'ØqOM�C�1`µé×N!

�<À;CÂa~Ca9�­®éLPCVD�o� Poly-Si���0"ÎÏ��y®¢��x
Lé�OM��da1~¨["Y��7��ø�L:éøÊOM:Ca�"�C�1`µé

Poly-Si�da1~OM"¢&:B&'(�9�:¥¦¡¢L� 
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� 3-5-16V AïÕÖ�o� Al�"y�OM"B� 

 
Al �da1~é� 3-5-16 �©Io8�ï¾¿�oµOM�B�:=®¢L�\��L

xx"�"­®Aï�78�é� 3-5-16 "Ó¨oJÔ"���"o8��"�,OM~_
j­®Øq�B��L�9¢~éAl"ï�v��:#�'(� Si�sÂ1À;aLü'(
���y®¢��¡®�½v�<�1ax�éØqOM~ 100 MPaûv'wx�éë¢P
�~OM:y�­�Ù��¢ü��Al ~z¬:�aLüéAï�oµOM"yx:!9�
L<"��y®¢��ýu½v{�]éÕÖ�¢ü��OM~Øq­®_j�B�I��

9"�;<_jOM:À;xC��d¢1OM"���~pý­®~Ã¢�o8�Cµé

OM"yx:!9�1a�9�:
­��9"ê{~½v:�a"'OM"yx~
Ã­

'(��¡®�éÓ¨oJÔ"ï�-�æé�"|Ì�7�LÓ©oJÔ"½v�-�æ'

~é�¢X"OM:Ó¨oJÔ"�-�æ]^X"OM�sÂÇ¡xC�1a��9"9

�~éAl "o8C�z¬!�'~é×½�Þ'(�1<OM"yx:�7I�9��©�
1a��Ò�éu½'Ø\¡¢� LPCVD�o��iÆEí÷.� SiNé̀ opïð� SiO2
'~éAïÕÖ�oµï�jq"Âa�o�OM"B�~«�¡¢�<""é×½'"O

M!�~B�~=®¢C­�L�9"o8Ch�­®éAl "OMé�'~÷��"Lü"
ï�h�7�L�� 3-5-15 ")�*~é÷��ï�h]"×½'"y�OM'(��IÂ
1"�'_jOM�C�1`µéë"OM"!~øÊ()'(�L� 

Ni�da1~é_�jµOM�a89�'~�[�<�0'(�L:éë"×N!�d
a1~Âa:=®¢L�9"Âa~é,ãä*�ËõÏ��éê�a8\�ç"Âa�~

NO�1aCa�C`éNi'~ Al�=®¢Lo8CAïÕÖ�²8OM"yx~«�¡¢
C­�L� 
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SiO2�da1~éïð��oµ�7�L�~�[�<ØqOM'(µéë"×N!<ø
Ê��a�a8i_�C�L�Ò�éCVD �o� SiO2 �~ï¾¿�oµ�,OM�B�
:!9�9�:¥¦¡¢LLüé÷��ï�h�7�L]"×½'"y�OM�é��L�

CVD �o� SiO2 �'<�~µ�,OM~ØqOM�C�L:éë"×N!~�~.�í
��oµÆC�L�xLéë"Âa~ PECVD � LPCVD �a8\�ç"Âa�~p�"
NO	�~C­�L� 

SiN �'~Å×�À;C_�jµOM:y��1a�:éë"×N!~�~.�í��
[�<øÊ()'(µéLPCVD �o� SiN ���0"}æ��y®¢��Ò�é�OM
" SiN �'~�~µ_�jµOM:y��1a�:éë"×N!~ÀÐ�Ç¡xC�1a
�� 
rí-[��~é©["�'_�jµOM�C�L�OM"×N!~ì"��sÂ1Ç

¡a:é�" .�q<Ç¡aLü~Y"×N!~(�ûvÀ;a��y®¢��y�¨

["�~ø�e&OM:�n�1aC­�L�rí-[�~iõG��By�9��oµ

Ý�CÎÏ:B�I�LüéOM"Âa~£aLÌÍ"Âa�o���y®¢�� 
óiÆEí÷.�da1~éóiÆ�/�ë"<"�y�OM~CaLüéSOI �/�

"OMé��ñYL�SOI �/�"óiÆEí÷.�'~é\�ÌÍ�sÂy�OM~Å
×�Ç¡xéøÊD�'(�L� 
 
¦�"_jñ� 
ò½­® 2002ûvx'"½v4·�`a1_jñ��>T�1MEMSÌÍ" .�q
�r��.s�"%îÎÏ)�*�é�I�Lü" MEMS ÌÍ£_jñ�ç����L�
ë"eéIEC"¦�_jñ�ç}
ÓTensile testing methods of thin film materialsÔ�
#�;éMEMSÌÍ_jñ��"��Dñ��78���éò½­® 2002ûvx'"½
v4·�`a1ñ�B&'(�MEMSÌÍ£_jñ�l��§¨�L� 
� 3-5-17�é§¨�LMEMSÌÍ£_jñ�l�"�Ù��©I�xLé� 3-5-18�
(l�%�,"Éç�©I�$l�~éñ��lê£����£ðËþ1ä�'MEMSÌ
Í_jñ��"þ1ä�,���¥éñ��lê£,F��£MEMS ÌÍ_jñ��" Si
#��çèþ1ä�'��¥éÁªÀÁ£ö
���þ�
�*£ñ��lê£,F���

BöÀÁ¥énÇÁª£���·æ£�
Áª_100grf¥é��*£ñ��lê£,F���
��¥éG���'G\¡¢�� 
$l�~éðËþ1ä�Ù"ñ��lêç�£a1`µé½vÀÁ]'<ðËþ1ä��

oµñ���lêI�9�:B&'(�"'é½vB��o�y�OM�n"VT�o�

I�9�:';��ë"Lüé$l�'~nÇÁª£���·æ�£a�9��oµé½

vÀÁ�"'<MEMSÌÍ_jñ���ÀÁI�nÇÁª��¥�é�I�9�:B&'
(�� 
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� 3-5-17V MEMSÌÍ£_jñ�l� 

 

 
� 3-5-18V MEMSÌÍ£_jñ�l�"%�, 

 
Õ�é¦�_jñ��£ .�qé�£¨"»ér��.sé�£©"»¥����é�

~.�í�¨[�`a1(ñ���ñ�I�9��oµé7���·,éñ��"ÌrD

G�£��¿éK¬éË�"Ìr�¥éØ�DËç"�¬Ï�|}�L� 
V �"»"¦�_jñ��~éùµ�a�þ1ä0.��è��I�Lü�éSi #��"
��¿"<��Ê'�"Ø��7�I�o8����1a���"»"¦�_jñ��~é

#$°G���¼é7���·,~(Ò'(µé .�q�r��.s�é�I�Lü"

ñ��t7,"Ëç�K¬"Y�BC�1a�� .�qé�£ñ��~éñ��t7,

",¡: 0.6mméÐ: 0.05mm£ñ���,��_0.5mm¥'(µé�pé�£�©d"
K¬£����.�,_0.48mm¥�b�1a��r��.sé�£ñ��~©"»(µé
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Ôd"K¬�b�1a��©"»"ñ��"�éñ���~ñ��t7,",¡: 0.25mmé
Ð: 0.1mm£ñ���,��_0.5mm¥'(µé����.�,~ 0.08mm'(��ñ�
��~ñ��t7,",¡: 0.5mméÐ: 0.2mm£ñ���,��_0.5mm¥'(µé
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L�9"o8C¥v:uai_<é�®d;:�Ca)�*:��ù¢LLü�u®¢L<

"'é���L��ñ�)Ë-,`op��ñ�l�"bcÏ:¥¦';L�

P<"i_~éMemsONE"�
)�*+�,�Á3�:4¡¢L�

 
 
kV B¤�¬"÷øÏùéúç"�� 
DFIB� DRIE�XY{
+Lt7�·Þ.þ�Ë�"Aúç 
V Þ.þ�Ë�"£�­®,íä�����Lüé�/�­®hµU¡¢LÃØ�"Þ.

þ�Ë��ð�Ä�¨¢1éÖ��xÃ 0.3Fmûv"ïð���Ø\�L�Õ�éFIBl
��¨¢é,íä��è��,i"ð���,ãä*í.�'GQ�L�ü 300Fm�17
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Fm"4·"ð���GQI�"�¶�CAúXo~ü 10i'(�L�9¢~éÞ.þ�
Ë�P�� FIB 'AúI�"�s	�1é1/100 ûv"AúXo'(��ð���GQ�
LÞ.þ�Ë�~é�r���/�<�Eí÷.��ä���;éë"£��þµ��1

���éICP-DRIE Aú�7�L�Eí÷.��ä�"�-ÝéAúR��|ÓI�9�
'é� 3.5.2.2-5�©Io8�é�r���/��N�1øÊÅp�Aú�789�:B&
�CµéZXo't7�·Þ.þ�Ë���7I�9�:B&�C�L� 

 

100µm
 

� 3-5-35V FIB� DRIE'Aú�Lt7�·Þ.þ�Ë�" SEM
 
 

DV �Ó�A��êM"	� 
V �Ó¬�`a1é�êM:3AI��é¶�C�;��¬�UI9�:';CxCµé

÷øÏ:À;x�QI��ë9'éìN°CIÂµoU��êM"	��xÃ|ÂL�Æ

Yø�����n��ì£�1é�¬�=½1L!"°!"<�tÇC�����bI�

Þ.þ�Ë�'ÈÉ�é��*æ"ÈÉoU�é�êM"	��|ÂL�ë"i_éÈÉ

oU"3A�²a�êM:3AI�9�énÇ�Ð'ÈÉ�L�;"¸�d�Áª:ua

ø&éÈÉoU�NI��êM"3A"È{:À;xC�9�:Ì®­�C�L�9"9

�­®é,Xo"¤��7�L�;"B¤�¬"÷øÏ�ÊÊI�Lü�~éìNIÂµ

:';�w��n�Ca%G�UVI�9�éìNIÂµ:n)�X�~é¶�P<�¸

�d�M�À;x�Ca9�:ª�'(�9�:©¡¢L� 
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� 3-5-36V é�½v�o��êM"B� 
 

DV ���o��êM"B� 
V ÆYø�����n��ì£�1���o��êM"B��|ÂL�é����éìN

8v 14%"«�ÁéËÌ«�Áé10-5Pa "çèÁ�B�¡+1étÍCEí÷.�o�
�£I��êM�é��L�9péé����o��êM"A~ø�e&¥¦';C­�

L��­�éEí÷.�AïI��� 3-5-36 �©Io8�½v��<��êM:�QI
�}æ:¦ü®¢éÎ� 2002P<'~�êM~À;xÙ��L�C`éÒv�êM:�
QI��éò½�<&�1<Ò�Xo~�a�êM:ÊÊ¡¢�}æ:8­:
¢L�  
 
(3)V \_"�-  
Þ-����ñ��da1~éMEMS £ÌÍ��1ý<oxì£¡¢1a�Eí÷."
��ÎÏ:Ì®­�C�L9�'éMEMS���`a1ý<­®'|}�Xo"­­�÷
øÏ�	I�ÐjXv:æ<I��xLéB¤�¬"÷øÏùéúç"���da1~é

�¬�A3A�o��¬÷øÏ"�Q:nÇCìNÍµ�o�1A�I�9��Ì®­�

�ét7�·Þ.þ�Ë��ì£�L�¬"÷øÏñ�ç�¥½�L9�'éB¤�¬"

%G"åæ��v�7y�o8�C�L�9¢®"\_�oµé�x~ý]7s�Þa�

"�C®C�¢�|Ó';C­�L÷øÏ���oµÎaÏ¾­®ùµëd9�:';é

���*-�"ñ�o�:Zq¡¢é�-)��ê��Îx> ';éë¢�oµ674

ìÐ�¥É';���y®¢�� 
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���
 ����
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ïÙ��-.�í.���·,~é� 3-5-37 �©Iúû­®G\¡¢�<"'éàáC
ã*�.ÈÉ�78�~éë¢Ö¢"úû�`a1|ÓIÂ;ã���*:(���x~

9"Äã���*"ýþ��>�'7�1aL:éÅcq°'>£°'~Ca�ë9'$

RS���/��'~9"��·,ýþ��ÐjE,F�'789��J°��L���

7�L� 

settingMold

Substrate

Heat-up and press Cool-down and release

Imprinted pattern

¦§¨©
�ª�«�¬­
�ª�«�®¯
�°±¬²

(®¦§¨©
�(®pq
�(®a�
�(®³´
�	µ¶·¸¹q�
�	µ¶·¸º�

(®»¼/½¾
�¿���®¯
�	ÀÁÂÃ�
�	���Ä�
�	Å³ÆÇ�

settingMold

Substrate

Heat-up and press Cool-down and release

Imprinted pattern

settingMold

Substrate

Heat-up and press Cool-down and release

Imprinted pattern

¦§¨©
�ª�«�¬­
�ª�«�®¯
�°±¬²

(®¦§¨©
�(®pq
�(®a�
�(®³´
�	µ¶·¸¹q�
�	µ¶·¸º�

(®»¼/½¾
�¿���®¯
�	ÀÁÂÃ�
�	���Ä�
�	Å³ÆÇ�

 
� 3-5-37V ï��-.�í.���·,úû� 

 
��-.�í.�ÐjE,F�'éï��-.�í.���·,"Ðj£��·,E[

���E�.¥�78�e�1é\ØAúI�"#"�Ï!"vw:ª�'(��ë"L

üé"#�Ïé�E,F��§¨�é"#"�Ï)�*�é�D:Ü�L�9")�*­

®éYÃøef­R'��I�ÐjE,F�'^£I�ã���*����é"#"�Ï

)�*+�,�GH�L�Ay1é"#"\Ø>��7aØ�)�*�ùu�L�ÐjE

,F��o�i_"|}'~\ØÑÁ'"Ø�)�*:ª��C�LüéÄ"R��|Ó

"<ã���*�÷.���æ�1\Ø�7�L�P<�oµu®¢LÌÍ�Ï)�*`

op\Ø>�)�*�£aéÐjE,F��o��Wi_"|}�7�L�  
 
�S�
 #$
%&


 
U )�*+�,"GH 
a) "#"ÇÙÏ)�*"é� 
V "#"�Ïé��~é� 3-5-38 "ÇÙÏé�l�£��., METRAVIB [7é
VA2000-SP¥�^£�L�l�"%CÜÝ�PQ�©I� 
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é�zá�_0.001Ñ200 Hz 
ýÀÁªV _100 N 
ýÀ�ÐV _Ò6000 Fm 
é�½vV _-150Ñ450 2 

$l��£a1é��-.�í.���·,�Ò�°�þ£¡¢1a�éPQ""#"

ÇÙÏÎÏ��é�L� 
DCOP£E��î���.¥ 
DPMMA£��íæ¥ 
DPET£rí
þ�.F��*���¥ 
DPC£ríÞ�����¥ 

 

 
� 3-5-38V §¨�LÇÙÏé�l� 

 

 

� 3-5-39V ÇÙÏé�l�"ñÍ��, 
 
Ä"#� 40 mm�10 mm�2 mmûv�hµ��é� 3-5-39"ñÍ��,����L�
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Aï£"Ä�oµ½v�<?¡+C:®éÄ½v�`a1_jØq"¹µ��BØ�6yé

"#"ÇÙÏ£ÙÏqéöì»¢�¥"BØzá���Ï�é��L� 
é�)�*"½��1éCOP"Ä½v'"ÙÏq"A�zá���Ï�� 3-5-40�©I�
�Á"Ó�ÙÏq~é�Ôá�"_jØqBØ�6yL�;"ñÍ�­­�Áª"Á'é

BØ�(öì"\i­®müLÙÏq"9�'(��½v:<?I����1Ó�ÙÏq

~�Q�éxL()½v'~BØ"zá�:�aø&Ó�ÙÏq~Ç¡xC�1a�� 

=�;;ÈÉ;<

=�;;ÈÉ;_

=�;;ÈÉ;}

=�;;ÈÉ;`

=�;;ÈÉ;~

=�;;ÈÉ=;

;�= = =; =;;

sÊËÌÍ:V�ÎZ

Ï
Ð
Ñ
Ã
U
:V
X
YZ

=^;r =^<r =<;r =<<r =_;r

=_<r =};r =}<r =`;r =`<r

 
� 3-5-40V COP"Ä½v�`��Ó�ÙÏq"é�)�* 

 
Ä½v'"Ó�ÙÏq"é�!�éWLF��#�xE���~�*� 

V ��
�

�
��
�

	

�




�
)(

)(exp
02

01

TTC
TTC
  

�£a1éQN"	��oµ 
V ),(),( 0TfETfE 
�  
#h½v T0'"Á�°CBØzá�")�*�B¬�é� 3-5-41�©Io8CÞ,*�Þ
���uL�#h½v T0~ COP '~ 1652��éÄ½v"é�!:,��Ý�ª·{

¡¢�o8�éã���* C1, C2����L�(Ý��1éë"ì""#�da1<éÙ

Ïq"BØzá���Ï)�*�ùu�L� 
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=�;;ÈÉ;<

=�;;ÈÉ;_

=�;;ÈÉ;}

=�;;ÈÉ;`

=�;;ÈÉ;~

=�;;ÈÉ=;

=�;;ÈD
;?

=�;;ÈD
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=�;;ÈD
;=

=�;;ÈÉ
;;

=�;;ÈÉ
;=

=�;;ÈÉ
;>

=�;;ÈÉ
;?

=�;;ÈÉ
;^

=�;;ÈÉ
;<

	Ò¾�sÊËÌÍ:V�ÎZ

Ï
Ð
Ñ
Ã
U
:V
X
YZ

=^;r =^<r =<;r =<<r =_;r

=_<r =};r =}<r =`;r =`<r

 
� 3-5-41V WLF��oµB¬¡¢L 1652�`��Á�°CBØzá�'" COP"Ó�
ÙÏq 
 
 
b) ÐjE,F�¨M£)�*+�,"GH 
<N"o8�ÇÙÏé�l�'�é�L)�*­®é"#�Ï!��1ÐjE,F��

¨MI�ã���*'(�éWLF�"#h½v T0éã���* C1, C2é,5 .�qé`

op,5r��.s�W��L�ë¢®"!�Ö 3-5-5�©I�  
 

Ö 3-5-5V Ä"#"ÇÙÏÎÏ"ã���* 

°± 
WLFÓÔ
ÕÖpq 

WLFÓÔ

C1 

WLFÓÔ

C2:  

×ØÑÃU ×ØPÙ��� 

COP 165 17.5 75 4.606E+05 0.499965104545455 

PMMA 140 13.6 65 1.215E+06 0.499936695833333 

PET 110 12.7 69 4.991E+04 0.499995841105136 

PC 180 15 60 3.270E+05 0.499977291666667 

 
¡®�é<N"Þ,*�Þ��­®éÄÌÍ"ÕÙÏq"yxXo��Ï�ÖIã���

*��1éÐjE,F�:^£I�uÕ��ÕÙÏq�ë"X���W��L�9¢®ã

���*"W��~éYÃøef­R"¯M�uL�ÕÙÏq"yx�ý�Ò��Maxwell
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$)æ�£a1é 

� ��
�

�
��
�

	

�� �

i
iGGG

�
�� exp)(  

'Þ¥�x��I��99'Ö~½v"º»����L¬WXo'(µéÖi~×�"Äº

"yxXo'(��9¢�Ö= 0'"ÕÙÏq G0'G�1uÕ���L 

V � ��
�

�
��
�

	

�� �

i
iggg

�
�� exp)(  

� Prony ×��opéë"�� gi:uÕ��ÕÙÏq'(��Ä"#�da1W��L

uÕ��ÕÙÏq�éX�����Ö 3-5-6�©I� 
 

Ö 3-5-6V Ä"#"uÕ��ÕÙÏq 
³©Í ÚÛÜÇÝÑÃU (gi) 

Þi COP PMMA PET PC 

1.00E-30 1.552575128285E-01 2.777378816576E-01 1.254484555498E-01 1.101876793414E-01

1.00E-25 1.552572982723E-01 2.777378801905E-01 1.254484555498E-01 1.101876793414E-01

1.00E-20 1.864936035211E-02 2.866910687599E-02 1.254484553988E-01 1.101876793386E-01

1.00E-15 1.864329934292E-02 2.588885938608E-02 3.833855440372E-02 9.079284674676E-02

1.00E-10 1.864352707244E-02 1.739395353637E-02 3.372566532712E-02 2.954479360501E-02

1.00E-09 1.866603964442E-02 1.654287700294E-02 3.772234515423E-02 3.327281297392E-02

1.00E-08 2.063043803304E-02 1.653777608467E-02 7.699387364151E-02 8.013501629854E-02

1.00E-07 3.295714890739E-02 1.696293984578E-02 1.546104114939E-01 1.045203983652E-01

1.00E-06 4.902571160041E-02 5.010587296064E-02 1.963725455643E-01 2.335856962345E-01

1.00E-05 1.064996358449E-01 1.126293863161E-01 7.963676339101E-02 9.009432976754E-02

1.00E-04 3.227131881582E-01 7.879153649835E-02 2.753806528143E-03 4.121399379807E-03

1.00E-03 7.877150029114E-02 6.748694231858E-02 8.901891024064E-04 1.392302189666E-03

1.00E-02 2.044078369122E-03 1.085107913201E-02 4.020864163772E-04 4.596163698533E-04

1.00E-01 1.123484423763E-03 1.469260104761E-03 6.412987913869E-04 2.007569200251E-04

1.00E+00 4.483717437610E-04 4.268613471429E-04 6.573747665876E-04 9.446098033144E-04

1.00E+01 4.589325314610E-04 1.617081761261E-04 8.490791315323E-04 2.512722133158E-04

1.00E+02 2.435912955165E-05 2.281203839587E-04 3.845901668740E-05 0.000000000000E+00

1.00E+03 0.000000000000E+00 4.045818234774E-05 0.000000000000E+00 0.000000000000E+00

 
9¢®é�)�*`opéë"ì""#"�Ï!�{
+1é��-.�í.�£"#Ì
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Í)�*+�,�GH�éÐjE,F�"ÌÍ)�*+�,�:4�L� 
 
 
k ûÖ°"#�NI�|} 
 
a) "#"ï��-.�í.�\Ø)�*"ùu 
��-.�í.�ÐjE,F�'Ðj�Li_"�¬Ï�|}I�Lü�é��-.�í

.�>�E,F��GH�éë"E,F��£a1��-.�í.���·,"\Ø)�

*�ùu�L�PQ�\_"qr�©I� 
\Ø>��~é
.�â�í.�E,F�£Ø¥7V Çø��-.�í.�l�V

EMF-020-NI�^£�L�l�"m«�� 3-5-42�©I� 

 

� 3-5-42V Çø��-.�í.�l� 
 

\Ø£ø~éÐjE,F�'"|}��v�I�Lüéó�C LineÙSpace "©Õ�Ø
���L���-.�í.���·,|}"Lü�~é\ØÑÁ"Ø�)�*�u�9�

:ª�'(�Lüé¥¡ 200F\'Ú 200 [��."s	°À;C Line&Space ã*�.
�Êdø��7�L�øÌ�~��äE�Þ��.�£aé�-E.����oµã*�

.�Ø\�L�^£�Lø`op\Ø]""#"Éç�� 3-5-43 �©I�xLé\Ø>�
"e"ñÍ"ö�	��� 3-5-44 �©I���*"�-Ý~ 35 mm Ñ'(µé��äE
�Þ��.7\Øø~é20�20�t3 mmé"#~ 25�25�t2 mm"<"�£aL� 
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� 3-5-43V ��äE�Þ��.7\Øø£Û¥�\Ø]""#£Ü¥ 
 

sa
ß�à��

°±�à��°±

Táy��
â�ã�ß

sa
ß�à��

°±�à��°±

Táy��
â�ã�ß

 
� 3-5-44V \Ø>� 

 
��-.�í.���·,�Ò�°�£a®¢�"#£COP, PMMA¥�N�1é!øD

"##�Aï½véAØMéAØÉÊXoC&�ã���*��1B�¡+é\Ø]"Ø

��é�7�L�Ø��é~éñª���éÖ�¤¡��oµ7aé ���oµØ��

¥¦�L�COP�NI�é�i_"½�� 3-5-45�©I� 
 

   
ÉÊXo10sec                 ÉÊXo30secV V V V V V V V ÉÊXo60sec 
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V       ÉÊXoV 90secV V V V V V V ÉÊXoV 120sec 
 

 
� 3-5-45V COP\Ø>�"é�)�* 

 
V ¡®�éCOP`op PMMA"\Ø>�i_�x�üL<"�é� 3-5-46­®� 3-5-49
�©I�aÃ¢<éAØM`opAØÉÊXo"3A�²aéBØØ:3À�1a�9�

:
­��\Ø½v�da1~é2ü�>�R����I�Ï¾'½v�ByL|Ó<7

�L:é
Ã­"½v"Âa�oµÀ;xBØ�v:B¤éBØØ"¢&:­®'(�L�

ë"Lüé½v�da1~ýþ��
¢�R�����éì"ã���*�BØØ�"	

 �da1)�*�ùu�L� 
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�		
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�
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�
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�
�

�	 �	 �	 �	 �
	

������ !�

"#$%&'()��*+
,-$%&'()�
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./0)*	123
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�
�
�

�
�

�
�

4
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* *	 5*

6789�123�

"#$%&'()��*+
,-$%&'()�
*+
./����)�	�� !

 
V � 3-5-46V AØÉÊXo� COP"BØØV V V � 3-5-47V AØM� COP"BØØ 

 

!ø��*½v1652
#���*½v1252
ØM 1 25MP
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� 3-5-48V AØÉÊXo� PMMA"BØØV  � 3-5-49V AØM� PMMA"BØØ 
 
V P<")�*~éÐjXv¥¦"Lü")�*��1YÃøef­R�Ý�I����é

y­R�Þa1<Ðji_�"s	|Ó�7�L� 
 
b) Ðji_�>�i_"s	|Ó 
é�¡¢L"#"ÌÍÎÏã���*�£a1éYÃøef­R�oµ��¡¢L��

-.�í.�ÐjE,F��oµéCOP "\Ø�û�Ðj�L�Ðj�>7I��(L�
1~é$)æ"�\éÐjR�"���'YÃøef­R"¯M�uL� 
V Ðj�~é� 3-5-50 �©Io8C�äE�`op$)æ�£aL�Line&Space "¹µ
��ã*�.'"BØ©¤�ÐjI�LüéNßÏ�ì£�1Ú 200 F\",i"Y�$
)æ��L�xLéø~à���1�W�7�LLüé"#��ÓI�,iP2~¶�C

a�®��é>e"¼Y 3 mm�N�$)æ'~¼Y� 400F\��L�"#�da1~é
ÐjXv�¥ÉI�Lü�~�x�w��äE��r­x�La:é���:�À�C�

1�WXo:Å×�,xC�1�x8�ë"Lüéø"¥¡: 200F\'(�9�����
1é>�'""#"¼Y 2 mm �N�é$)æ'~"#"¼Y� 300F\��L�xLé

ä�,'"�÷� b����Lüéø"
ä�,��� 20F\"�q���1a�� 
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� 3-5-50V Ðj�£aLbë��$)æ£Û¥��Ó,"�À£Ü¥ 

 

 
� 3-5-51V COP"BØ�û"E[���E�.i_£Û­®ÉÊXo 10 sec, 30sec, 60sec¥ 
 
V Ðj�~Ö 3-5-5`opÖ 3-5-6�©�L COP"ÌÍÎÏ"é�!�ã���*��1
£aL�\Ø>�'~ø"½v�"#"½voµux�1\Ø�7�1a��9"�;é

>e�é�D¢&¡¢1a�"~éø`op"#"2£�(���*"½v'(µé>e

�BØ�1a�,i""#"½v~9¢®��*½v�~¬áÆC�1a��¡®�é�

�*�øéø�"#é"#���*"o~�Ó�o�ïï��{�C�1a�Lüé½v

i9"�¥CÐj~­®'(��®��L�ë"LüéAØM 50 kgféAØÉÊXo 60 sec
'"BØØ:>�)�*�Ò*I�o8é"#½v� 1512��1ë"ì"R�"Ðji_
-"|Ó�7�L�Ðji_"Ò½�� 3-5-51�©I�ÁªÉÊXo:,xC��d¢1é
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BØØ:3À�1a�9�:
­��¡®�s	"LüéÖ=0 `opÖ=â'"ÙÏq:
()'éyxº:¨º"Y"$)æ�o�Ðj<7�L�ë"e"ã���*��1é 
V V Ö1 = 0.05 secég1 = 0.99981389 
�£aL�X��Ö1~é�~µAØM 50 kgféAØÉÊXo 60 sec'"BØØ"Ðji_
:é>�!�Ò*I�o8����L� 
V � 3-5-52 ~éAØÉÊXo�BØØ"	��da1é\Ø>�i_�ÐjE,F��o
��Wi_�s	�L<"'(���Á"ã���:>�)�*'(��©"»"Ðji

_�s	I��éyxº:¨º"Y"$)æ'~Xo:��I�"�øÊs½�1BØØ
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 �Ì ã���*  .�q y�OM ï�jq 
 PMMA �¼�R� èéagêdgë Ógç � 

(1)¦� PI ì ì ì � 
 NiËæ� Ë§�v�R� ì ñ19ç ñ19ç 

(2)¦� �z¬ídîe ï_aðñòe�óô õ õ ï%î 
 Si �ö�"» õ õ ijç 

V  
V V öñ��Ø�÷ 

(1)¦�_÷��Ì_p� 100mmSi#�<�¼¡�Fm 
(2)¦�_Ëæ�Ì_ÐÔmm�,¡ 25\\�¼¡ 0.5mm  
 

� 3-5-53�!øÌÍ��1£a®¢� NiËæÌ" .�qé�)�*��� 3-5-54�O
Mé�½�©IMNi Ëæ�" .�qåæ'~#�"º»�o�-.).*"¸ëY¥¡
��Ï:¦ü®¢�M .�q�OM"é�i_­®ï�jq�W�I���8Ñ10 ppm/2
�Cµ�Ëæ�Ì"!£13ppm/2¥�N� 3Èø&�a!:u®¢LM 
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 �Ì ã���*  .�q y�OM ï�jq 
 PMMA �¼ Ö�ÙÏáç èéagêdgë õ õ 

(1)¦� PI ì õ õ Ógç õ 
 NiËæ� \�R� õ èéagêdgë ñ19ç ñ19ç 
 SOG  õ Ö�ÙÏáç èéagêdgë õ õ 

(2)¦� Si (111)#� Ö�ÙÏáç õ õ õ 
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:; <=>%& ?@AB
C��D
(GPa) EFG�H

I(

(103kg/m3)
JKL0

(MPa)
MN�D
(ppm/+)

PMMA OP)0.4-0.9�m QRSTUB 5.1-5.3 �0.3�* �1.19�
VW��X�& 5.8-6.6 �0.3�

PI OP)4�m YZ[L0?@ 46-48�RT)
\ Ni]^_A OP)1�m `abB �0.3� 40-110 9-11 (40-120+)

Ac6_ VW��X�& 200-220
_ Ni]^_B OP)1�m `abB �0.3� 140-230 8-10 (40-120+)

Bc6_ VW��X�& 150-190
SOG OP)0.3�m QRSTUB 6.4-7.8 �0.3� �1.4�

100+d6 VW��X�& 2.9-3.1 �0.3�
efghijklmnk MopqrB 3.2-3.5�RT-500+�

\ stu=v wx 0.6-0.8�RT-600+�

y Si �111�zy QRSTUB 181-182 �0.3� �2.23�
�100�,�110�,�111� MopqrB 2.9-4.0 (RT-1000+)

{�|�J}~����������T������:}�#�����

:; <=>%& ?@AB
C��D
(GPa) EFG�H

I(

(103kg/m3)
JKL0

(MPa)
MN�D
(ppm/+)

PMMA OP)0.4-0.9�m QRSTUB 5.1-5.3 �0.3�* �1.19�
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