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(4) þȦƠơ3×ǘ+�A( 
Ìď��ǪĽǥEs�Z,�*�A%;
Ìď��Ǫ1öÛ,ÜŴ/þȦ1ckIZE�ń+�

Ǫ×ǘ+�A(�B/>@�¢ů.ckIZEŊ¡×ǘ,.A( 
 
�  µTAS 1�B?1¿Ə2kIM\�V1Ʉ¢.»āȄ¾ǈā=Ǽǡ1�ƢȦEƉ?��,3+
�A%;
ǰâĴ3Ʉ�(��1ƞƣ�?µTASĽǥE�Ƣ�%kIM\�V1ȫƨ3Ŕý�õß
9B*1@
S�U�Z\�V.-
�+/ĈƢÉ9B*�A<1<ăí�A 6-8( 
 

 
 

Fig. 1.1. µTAS1Iy�Yë( 
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1.3 �*9L,:I�?���
���.�� 

1.1 ǁ+<ȕ7%>�/°EƢ�%ƋćĽǥ2
Ʉķĥ
�s��S3�Ǭ+�A
ĈşȬ+1Ƌ
ć
ȹƲù�ȹŉǴƋć3×ǘ+�A
ckIZ1įĐÉ�ȳƹÉ3Ċŝ+�A,�(%Ŵ).

¿Ə�?
ý�1Ơ�ƖȈ1ƋćĻƀ,�*
°1ÞÔ
Ǣ°
œ�
r�[z�µɅ (SPR),�
(%Ƹ)1Ļƀ3Ƣ�?B*�A(�B?1°ƋćĽǥ2ƋćČȅ/Ĳ�*��»63.9B*

�A(Ƙ/ nm ZT��1ȊįȦ»ā= DNA 1Ƌć/2
fiG�bf 9-11
ǦȺr�[z�µ

Ʌ 12,13
�ōðr�[z� 14,�(%Ƌćǆ3Ƣ�?B*�A(Wiedemair ?2ȧĕfi�I|
��?.Ar�[z�ųțEƢ�
�v�œ�°EøĞ�A�,/>@ǠǙ DNA Ė1ĩĸEƋ
ć�A�,/ĸÄ�*�A ��( 
� Lkh`\�döEƢ�%Ƌć2#1�+<#1ǦȺÞƯƖȈ/Č�*Ʉķĥ+�A�,
µm 
~ mmZT��,źȏƩ\�VVI[3Đ9��,�?įȦÉĄ�Ơ�ƖȈ1ƋćckIZ3Ŕý
�õß9B*�A 16,17(Lkh`\�dö,2
°3ɄĔŀƜĀ�,�ĔŀƜĀ�1ƤȺ/1�

*´Óč�A,�/�ĔŀƜ«/Ů:º�ȷƴöĸ»1�,+�A(Fig.1.2 +Ƶ�>�/
�ō
°1ǦȺ/ăí�ALkh`\�dö2#1ăíȼñ1ĔŀƜ/Č�*ȹĝ/Œķ/ÓĲ�
�

ƮûÉEȉ��(�BE¿Ƣ�
Lkh`\�dö1ƨƠ�AƤȺ6Ŀ�.-1»āǾȄĖEĩ

ĸ�A�,+ǦȺĔŀƜEûÉ9!
Ƙć1ÉĄ
Ơ�ƖȈ1ɄķĥƋć3×ǘ,.A(Lkh

`\�dö/>A�ō°1�ƮûÉ1ƋćŚƀ2�/µňð,ğƈð1 2 )/»Ⱦ�A�,3+
�A(��/�ǦƩ.Lkh`\�döEƢ�%kIM\�VEǊ��A( 
Lkh`\�dö1ÇȉÑƞ=ďƁȌ�+1°�ōÑƞ/)�*2
ƾ 2 ƽ+ǽ��ȀŜ�A(

9%
�B�Ȯ1ǁ+2µɅð
ğƈð#B$B1ďƁȌ\�V1Ƙİ
�ǦƩ.ckIZ/)

�*ȀŜ�*��(�

 
1.4 �*9L,:I�0?� 

 �� 3&*9L�

Lkh`\�dö/>A°1�ƮûÉE°1µňE¿Ƣ�A�,+Ƌć�A<1EµňðďƁȌ

,��
��Sµňè 18-20 =·ƫðµňè 21,22 .-3ăí�A(��+2>@�ǜƩ+�A��

Sµňè/)�*Ǌ��A(��Sµňè,2 Fig. 1.3 (a)/Ƶ�>�/°�ōƢ1ǐĩďƁȌ,#
B/Ȳŉ�%ƟƚďƁȌ�?.Aųț1�,+�A(°�ōƢďƁȌE�ō�A°2
�AƘć

 
 

Fig. 1.2. °ÜƁȌE�ō�A°,Lkh`\�dö(Lkh
`\�dö3ǦȺƟ÷1ûÉ/ĪȻ9B
�ō°1�Ʈ3û

É�A( 
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1ƁȪ1öÛ1:Lkh`\�döE��*ƟƚďƁȌ6,�ō�A(�1ƝȅEµň,��


#B�ü1ƁȪ/1�*2#199ǐĩďƁȌE�ō�*��(Fig. 1.3 (b))(�1ş
ƟƚďƁȌ
ǦȺ6ƖȈ3ȐȖ9BA,Lkh`\�dö/>A�ƮûÉ3ȉ�@µň1ȉ�AƁȪ3Xpd

�A(Fig. 1.3. (c))(ƟƚďƁȌ+1µň2Űº°1Ĩĥ1Ɖđ/>(*Ƌć�A�,3×ǘ,.A(
�1µň1o�RƁȪXpd2ğƈðďƁȌ,ź7*>@Ʉķĥ+�A(���
Ƌć1%;/

2Ʉǅĥ.ƁȪȂŕ1>4Xpd3ıǬ,.@
ȹĝ/Ʉ¢.°ĄǆEıǬ,�A(9%
ǐĩ

ďƁȌ,ƟƚďƁȌ1ȬȰ2ŔË nm +�AıǬ3�@
ȹĝ/Ʉ�įǉÅĘǅĥ3Ž;?BA(

��1ƞƣ�?
ŧckIZ1�Ǫ�Űº3Ċŝ+2.�,��ŷƏEŅ)( 

 
��,:&*9L�

 
 

Fig. 1.3. (a) ��Sµňè1 SEM¬( (b) ��Sµňè,�ō°1Iy�Yë( (c) ��Sµ
ňèǦȺ61Ǽŗď³,#B/��XSf�ûÉ 19( 
Reprinted with permission from ref. J. H. Wade et al., 2014. Copyright 2014 American 
Chemical Society. 

 
 

Fig. 1.4. v`jbK�^�ğƈǶ1Iy�Yë 24( 
Reprinted with permission from ref. A. Densmore et al., 2009. Copyright 2009 
Optical Society of America. 
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Áǁ+Ǌ��%µňðďƁȌ/Č�*
Lkh`\�dö/>A�ƮûÉE°1ğƈE¿Ƣ�A

�,+Ƌć�A<1EğƈðďƁȌ,��(�ǦƩ.ğƈðďƁȌ,�*v`jaK�^�ğƈ

Ƕ 23,24,|�S1ğƈǶ 25-273�A(�ǔ/µș�*�A12
Y»ėųțEŅ'
³č°3ɉŧ
1°Ȍ6,»ė9BA�,+�A(�Ś1°Ȍ�2»āǾȄĖ3ĩĸ9B
ǦȺÞƯƖȈ/>A

�ƮûÉ3ȉ�A(v`jaK�^�ğƈǶ+2
�Ʈ3ûÉ�A°Ȍ,
<�ƔŚ1°Ȍ3¸

4 Y»ėųț+Ûƃ�A(Fig. 1.4)(Ûƃ�%�ō°2�ƮĚ/>(*ğƈ3ȉ�A(ğƈ/>A
°Ĩĥ1ûÉEƋć�A�,+
�ƮûÉ1ĥÛ�EƋć�A(��Sµňè,ź7*Í�ƁȪ

+ǝ��,,
°Ĩĥ1Ȏ+1Ƌć+�A�,�?
ıǬ.°Ąǆ(°ƌ
Űºǆ)2źȏƩą¢+
Ļ/³@=��,��¿Ə3�A(���
��Sµňè,ȟ�
°Ĩĥ1o�R+2.�
û

ÉȦ#1<1EXSf�,�*Ƌć�*�A1+
đȦ1ƊĥûÉ
³čş
�ōş1°ĄƩ�

Z.-3#199iI[,.(*�9�ŷƏEŅ)(9%
Y»ėųț2�Ǫ3ȹĝ/êȶ+�
A,��ŷƏ<Ņ)( 
�Ś
|�S1ğƈǶ+2
Y »ėųț/>A°Ȍ1Ûƃ2ǤDB 
�ō°2ZR����

/Ş�º9BA(#B$B1°Ȍ1�ƮĚ/>(*Ơ�AğƈǑ/>(*Ƌć3ǤDBA(Fig. 
1.5)(|�S1ğƈǶ+2
ZR����/Ş�º9B%ğƈǑ1Ǳċ/>@Ƌć3ǤDBA(>
(*
�Ǹɉ)1ckIZ/ź7*ȹĝ/Ƌć3ǂ£+�A,��¿ƏEŅ)(���
ɄŸ®

1Ǒ2°1Ɖǧ/>(*ǱƋ�A�,3+�.�%;
�Ǹ1ɉ)/ź7*ŰºXSf�1ǅĥ

3ǟ'A,��ŷƏEŅ)(9%
v`jaK�^�,ÜŴ/ Y »ėųț1�Ǫ1¸ƝĴEĮA
�,3ȹĝ/êȶ+�@
ckIZȬǿĚ3º=��,��ŷƏEŅ)( 

 
����
���,:I�

Áǁ+Ǌ��%�ǜƩ.ğƈð°ďƁȌckIZ1µș1ŷƏ+�A
Y»ėųț/ȉé�A�Ƴ
ćǬǈE±ť�%~g�R.ckIZ,�*
kIz�eğƈǶEǊ��A(Smolyaninov?2Y
»ėEŅ%.�ğƈðďƁȌEȫƨ�*�A28(kIz�eďƁȌ2ğƈðďƁȌ1�Ƹ+�@


ɉz�eďƁȌ�?.Aųț+�A(°ď³ȡ+2șĝ1ďƁȌ\�V,ÜŴ/X�S�z�e

ďƁȌ+�A3
\�VL�G�Ȯ/1�*Ð:Eø=��,+
ɉz�e3Çȉ�A>�/ǹ

Ƕ9B%ckIZ+�A(Fig. 1.6 (a))(z�e/)�*2ƾ2ƽ/1�*ǽ��ȀŜ�A)(\�VL
�G/1�*Çȉ�%óĤz�e1>4ɈŸz�e2
Lkh`\�dö/>A�ƮûÉ1ÂÛ

3ƥ.A%;
2z�eďƁȌ¶+ğƈ3ȉ�A(\�VL�G/1�*ȉ�(%ğƈ2#199
ďƁȌü6,ºč9B
ZR����/ğƈǑ,�*ľĪ�
#1�ǓûÉEXSf�,�*Ǳ

 
 

Fig. 1.5. |�S1ğƈǶ1Iy�Yë 27( 
Reprinted with permission from ref. A. Ymeti et al., 2007. Copyright  American 
Chemical Society. 
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Ƌ�A(Fig. 1.6 (b))(ŧckIZ1ţþ1¿Ə2
Y»ėųțEŅ% /%&1ƭǐďƁȌ+�A
%;
ckIZ1�Ǫ3Ċŝ+�A,���,+�A(9%
Űº/)�*<ğƈǑ1�ǓûÉ

E¿Ƣ�*�A%;
ȹĝ/ǂ£.ǨǓ+1Ƌć3×ǘ,.A(ŷƏ,�*
|�S1ğƈǶ,

ÜŴ/ğƈǑEXSf�,�*�A%;
Űºǅĥ3ÆA,��Ə3Ň�?BA( 

�
���5%1c$&�*9L�

��+Ǌ��%śă1ďƁȌð\�V/Č�*
ŧƱƺ+2ř��ŚÝĴǍÛèɆDCɇ1kIM
\�V61¿ƢEǼ:%(DCďƁȌ,2°ș§»ȥ/1�*°ZI`_�S
<��2ďƁȌ1
»ėųț,�*Ƣ�?BAųț+�A29-32(Fig. 1.7/Ƶ�%>�/
ɉŧ1ĠǤďƁȌ�?.@

�ÿ1\�VL�G/1�*°1ƁȪƷĥȬ+ďƁȌ3ŉȓ�
¸4ȵB*��,��ųț/.

(*�A(ƔŚ1ďƁȌ6°E³č�A,
\�VL�G/1�*Lkh`\�döE��*°

3ȲŉďƁȌ6ƶ(*��(#�*Ć´/°3ƶǤ�A,
¸4³čďƁȌ6,Ĺ(*��(ţ

ǋƩ/
ďƁȌ3¸4»ȵ�AîƏ+12ďƁȌ�1°»ě3#199XSf�,�*»ė�*�
��ŚÝĴǍÛè1ǽ��°�ōƌ/)�*2ƾ2ƽ/1�*ȀŜ�A	(�1,�1ȲŉL�G+
1°1ƶ@ûD@2àȑƖȈ/ĪȻEÖ6A%;
Űº9BAXSf�źEƋć�A�,+
\

�V,�*1¿Ƣ3×ǘ+�A(DCďƁȌ2śă1ďƁȌ\�V,źȏ�*
Y»ėųțEŅ%
.�
ȓǮȥ+1ɄǅĥƋć3×ǘ
\�VL�G1ǦȺƹ3þ��%;Ʉķĥ3Ŧī9BA


XSf�ź/>AƋć+�A%;Ɗĥ.-1iI[3P{�\�9BA
,�(%¿Ə�?
ȹ

ĝ/ĨÃ.kIM\�V,.A�,3�Ķ9BA(���
ŧŶųǛ�240ġ��Á>@Ŋå�
�Ƣ9B*�A3
kIM\�V61ĲƢ/)�*28,F-ǤDB*�.�(ä�Luff?3
����ġ/O�Z1ǡã¹ƞ/>@ÅĘ�%�ĔŀƜĚďƁȌųțEƢ�*kIM\�V1½Ŧ1

Ĵǘǻ¢,�*�ǜƩ/ǤDB*�AnM_��Zd�rdGnY�ÓĲ1ƋćEǤ(*�A���(

���
�1Ʊƺ+2ckIZ1ǦȺƹEøþ9!A%;/DCďƁȌEƢ�*1@
Ĉȱ/ck
IZ2ďƁȌĞŔ µm
ckIZ´Ȫ3Ŕcm,ȹĝ/þ�.VI[,.(*�A(�1%;
Ǉ
ǃ/ckIZ1ĐðÉ
Ʉǅĥ�ɄķĥÉ1%;/DCďƁȌEkIM\�V6¿Ƣ�% 2�1
,�CƪƐ+�A(#�+
ŧƱƺ+2
\�VķĥE¦(%99
�Ƣ�AǼǡȦ1>4V�

 
 
Fig. 1.6. (a) kIz�eďƁȌğƈǶ1Iy�Yë( (b)#B$BǼŗď³Á(ę),Ĭ(Ø)
1XSf�1Ŵā 28( 
Reprinted with permission from ref. K. E. Zinoviev et al., 2011. Copyright 2011 IEEE. 
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r�Ȧ1ÀƉ1%;/\�V1ĐðÉEƬņ�(�

�

1.5 !'M&����OMIPP 

kIM\�V1ȁȽ,�*
»āȄ¾ǈā+�AĿ�3Ʉ¢
ÉĄƩ�ƖƞƩ/�ąć+�A,

��<13�A(#�+
�1ȁȽE±ť�Ař%.Ũŗ,�*»āȨðu�v�ɆMIPɇ3Ƃ
ƬEȳ;*�A 34-36(ĭŪ1Ƣ�?B*�%Ŀ�2ŕ�ƣŪ+�A%;
�Ǫr�\Z3ƒȴ+

�@
ƠƖEƢ�A%;/�ĸ¢ů3Ʉ�.(*�9�(�Ś MIP 2u�v�Ũŗ+�A%;

ÉĄƩ�ƖƞƩ.Ĩĥ3Ʉ�
ȹĝ/ǂ£.r�\Z,ą¢.ziv�Ũŗ+�Ǫ×ǘ+�A(

#1�1¿Ə,�*
#1Ñƞ�Ŀ�3�B.�>�.»āȦ1Đ9.»āEČȅ,+�A,�

�Ə<ƂƬ�7�+�A(MIP1yNg[xE Fig. 1.8/Ƶ�(MIP1�Ǫ/Ƣ�?BAŨŗ2

�/ MIP 1ƋćČȅ,.AȨð»ā
ƋćČȅ,1ÞƯVIdEŅ)ŶǘĴziv�
u�v�
Eŏ�AɃůziv��?.A(ŶǘĴziv�2Ȩð»ā,żǈǍÛ
IM�ǍÛ=»āȬÃ

/>(*ǍÛ�A(�1ş1ǍÛVIdEÞƯVId,á5(�1Ȩðu�v�,ŶǘĴziv

 
 

Fig. 1.7. (a) ŚÝĴǍÛð (DC)°ďƁȌ\�V1Iy�Yë( (b) DCǍÛȡ1ŘȺë1>
4 (c) DCďƁȌ1ĠȺë( 

 
 

Fig. 1.8. »āȨðu�v�1yNg[x((a) ŶǘĴziv�1ÞƯVIdɆǏɇ3Ȩð»ā
,ǍÛ�A((b) ȤÛ9B% MIP >@Ȩð»āEÕ@ȯ��,/>@
Ȩð»ā,ÜŴ1ĩ
ƚ1>4ÞƯVIdȢ¼EŅ(%ÞƯĂ3+�A 35( 
Reprinted with permission from ref. J. R. Schirihagl, 2014. Copyright 2014 American Chemical 
Society. 
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�1ǫÛ�/Ƀůziv�EƆ"*ȤÛ�A(ţǋƩ/Ȩð»āEÕ@ȯ��,+
ƋćČȅ»

ā,ÜŴ1ĩƚ1>4ÞƯVIdȢ¼EŅ)ÞƯĂ3ĩĸ9BA(�1>�/
MIP 2ÞƯVI
d/1�*×ȗƩ.ÓĲEƢ�*�A%;
ǒ@Ȕ�+1Ƌć3×ǘ,.(*�A(���
ŷ

Ə,�*Ŀ�,źȏ�*Čȅ]�lRȈ/Č�AǍÛ2ħ�(MIP 2R�vdS�pH�,\�
V,�*�/Ƣ�?B*�A(#B$B1ƢȘ/Ĳ�*Ŵ).ƸȾ1MIP3ăí�A(Fig. 1.9/
#1�ǯEƵ�(R�vdS�pH�/2 MIP ¶ȡ/ï�/ÞƯVId3�Ak�RI�r��
bH�S3�/Ƣ�?BA(�ŚȨð»ā1Űº/2 MIP ǦȺ/1:ÞƯVId3�AǦȺI�
r��bH�S3�/Ƣ�?BA(ŧƱƺ+2�1ƸȾ1 MIP EƢ�%(Fig. 1.9 (c)-(f)2Ȩð,
�*Čȅ»āEƭŉƢ�.�Ļƀ+�A(Fig. 1.9(c)2Čȅ»ā1ŘƔE
Fig. 1.9(d)2Čȅ»ā,
�ȡÜŴ1ųțEŅ)�Ţ»āEȨð,�*Ƣ�A(�B/>(*
VI[1þ�.Čȅ»ā+

<ǙÐǠ�MIP3�Ǫ×ǘ,.A(Fig. 1.9(e)2Ŀ�EȨð¶/ȢǓ�
#BEƢ�*¾1ȨðE
ĩĸ�AĻƀ+�A(�B/>(*
Ŀ�,ÜŴ1ĩƚ1ÞƯVIdEŅ) MIP E�Ǫ+�

MIP 1ŷƏ+�AČȅ]�lRȈ,1ǍÛ1ħ9E±ť+�A3
Ŀ�EƢ�*�A%;
�Ǫ
ȇƢ1Ⱥ+�1/ÆA(Fig. 1.9(f)2 MIP �ȡ/ƙƗĖu�v�Eĩĸ�A(�1ƙƗĖu�v�
EȨð,�A�,+
ƋćČȅ»ā.�+MIPEȦơ�A�,3+�
ȇƢȺ+­B*�A( 

 
1.6 MIP �?�	;)��� 

ŧǁ+2Ĉȱ/�
�EƢ�%]�lRȈ1Ƌć1¯ǤƱƺ/)�*Ǌ��A(�0��� ��� Iiq=
@:?DMp�.���( NanoMIP +^-TP$*/1R<CDSA75B_b;D8D81 ��4
iq=@:?DMp(I]GIkVm[r+_bZmD81 �	4RI=A:>iq*Ngn4O
\"%.+*�C595R4fY"C81eb+HdD=@:?DMp�K!14!+W+fY
HdINgniq*ia"%jXod*E`#14!+/�FglF_bZm�MQUS Fh
c*r9M2C91ZmD814Fig. 1.10 + N. Sharma?2
k�RI�r��bH�S/>@

fiZT��1Ǆāƚ/ MIP Eĩĸ�% NanoMIP E SPR 1ȧǠǙǦȺ/ìć�*�A(

 
 

Fig. 1.9. »āȨðu�v�1ƸȾ 35((a) ĭŪ1k�RI�r��bH�S 37-39((b) ǦȺI
�r��bH�S 40-42((c) óūI�r��bH�S 43((d) Gf�SųțI�r��bH�
S (e) Ŀ�ǓŋI�r��bH�S 44,45((f) ƙƗĖI�r��bH�S 46, 47( 
Reprinted with permission from ref. J. R. Schirihagl, 2014. Copyright 2014 American 
Chemical Society. 
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NanoMIP 3Ȩð»ā+�AL_��S�U��EÞƯ�A�,/>AĔŀƜûÉE
SPR 3Ƌć
�*�A(9%
�1Ļƀ,�*
ȧfiǄā,1ǌ:ÛD!/>AƋćĻƀ<��)�õß9

B*�A(Fig. 1.11 /Ƶ�% Y. Kitayama ?2ǦȺI�r��bH�S/>AEƢ�*�Ǫ�%
MIP EȧfiǄāǦȺ/¨ɀ�
C ÓĲ]�lRȈ1ƋćE�% 50(ȧfiǄā2°EƑč�A

�,+
ēír�[z�µɅEȉ��
Fig. 11(b)1>�/
�AƘć1ǞEŅ)(�1ȧfiǄ
āǦȺ/ĒǕ�% MIP 3ƋćČȅ]�lRȈEÞƯ�A�,+
ǦȺ1ĔŀƜ3ûÉ�*Ǟ1û
É3ȉ�A(�1>�.ƨǞ1ƁȪûÉEƋć�A�,+
]�lRȈ1ÞƯEɄĥ/Ƌć×ǘ

+�A(��+Ǌ��%�ü/<
żšňÈāvIR�k��ZɆQCMɇ51
N�_�k�.-


Ŵ).ǦȺ\�V61ĲƢ3×ǘ+�A( 

 
1.7 6BC�A@ 

 (a)                                                                       (b) 

            
 

Fig. 1.11. (a) AufiǄā61MIP¨ɀ((b) CÓĲ]�lRȈ1Ƌć(MIP61Čȅ]
�lRȈÞƯEǞ1ûÉ+Űº 50( 
Reprinted with permission from ref. Y. Kitayama et al., 2014. Copyright 2014 American 
Chemical Society. 

 
 

Fig. 1.10. NanoMIP ,ǦȺr�[z�µɅ1ǌ:ÛD!/>AL_��S�U��\�
V 48((a) ƁȪ 632.8 nm1��W�°E�ȡ1r�[x/³č�
Óč°Ezg]��
A((b) Nano-MIP 1r�[z�µɅ/Č�AĪȻ(ƋćČȅ»āE MIP 3ÞƯ�A�
,+
r�[z�µɅ1ȉ�A³čǲĥ3ûÉ�A( 
Reprinted with permission from ref. N. Sharme et al., 2014. Copyright 2014 American 
Chemical Society. 
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9M = −FL,-<E	 (17)  

 

 
.
.?
<E + FJ<K = FL0-N6(&)9M	 (18)  

 

 −FJ<M −
.
.>
<E = FL0-N6(&)9K	 (19)  

 

 
.
.>
<K −

.
.?
<M = FL0-N6(&)9E	 (20)  

 
2Ƚ#KJ�ŋʙĺƿɤÖ8ʖǾěÝņ9��ɐ8Œ(15)-(20)NǪ�1ɖʖ¸8ĞǭƠ¯Nɋ�!
32ɎȐ2�J�ŋʙĺƿɤ8`Q�]�lq8Ğǭʙ9 xɦƐă6�J�!8+D�yŭÝ8È
ŠÝ9 02�J�ĺƿɤ8ŗŭ#K+ęƢʙ6ĸ$1ʖě8żîƐă�ŋȻ5³Ƃ��qN TE�
�q3�4�!K9Œ(15)-(17ʦ�HɎȐ2��Ey�Hx�Hz 2Ƚ(J�Ǿě8żîƐă�ęƢʙ6
ĸ$1ŋȻ5³Ƃ��qN TM ��q3��ʥ18ʦ-ʥ20ʦ�HɎȐ2��Hy�Ex�Ez2Ƚ(J�

TE��q8 Ey 9ƶŒʫ 
�

 O6

O>6
9K + (G6,-0-N6(>) − J6)9K = 0 (21)  

 
2Ƚ(J�Ey8ɋGI Hx�Ĉ; Hz Nɋ�!3�2�J�Œ(21)8ÀƊ G6,-0-N6(>) − J6 8Ç6G
.1�Ey9ƷœʈƊFŹƊʈƊ8ƿŗ35J�`Q�]�lq8ɋN)K*K sinʈƊ�ŹƊʈƊ
3CJ3�J�ƶŒʫ 
�

 J >
GNclad,	max

8
 (22)  

 
8Ơ¯NǍ+C�nclad, max 9`QGI$+8]�lq8ľŴǦ8ÖƘģ8E8N#C�ĺƿɤÖ8
ʖǾě9Œ(22)NǍ+CđƙÇĊʠ6ŇǹCJ�G.1�ʔƉǳ5ƙʋÅ8ɋ�ŞHKJ�ƻDH
K+)K*K8³ƂıƊ9�ģ��ʝ6 0 ƶ�1 ƶ�2 ƶ3ȽC�A+�TE ��q8 0 ƶ9 TE0
3Ĉ<� 
� !KA2Ȫ51�+ŋʙĺƿɤ9 xƐă68BÐ9ʅ%ɫDHKJʥ2ƶÎǳʅ%ɫDʦ�ƝǼ
ȇ2Ǫ�+ĺƿɤ9 x, yƐă8ʩƶÎ28Ð8ʅ%ɫDNCJ�`Qƞƍ8ľŴǦ9]�lqƞƍ
8)KGIEʤ�+D�Ð9`Q6ʅ%ɫDHK1³ƂCJ�ƝǼȇ2ɑɎ�ºɂ$+ĺƿɤƮ

ɳ9�ɼ]�lq�6ŗŭ#K�3 ƐăNƺFi�x]ɟǑǇ548ɖʖ¸6ž$1�JʥFig. 
2.1(b)ʦ�!8G45ȓó5Ʈɳ2E³Ƃ��q8ɎȐ9Ďʕ2�J�G.1�ʖǾǭÝņ9c�
���c��6GIɎȐCJ� 
� c����c��GI�ĺƿɤ`QNVt�\�ƁĦ5�³ƂCJĺƿ��q3]�lq8ʖ

Ǿǭ�żîī�Vt�\��ĦMKJƇĹ��q8³ƂıƊ�ƻDHKJ�TE0�TM0 9ıȩ��
ň6ĺƿ��qęŎ��q3Ĉ:KJ�ĺƿɤ8ŉ3ʤ#Nģ��CJ3�)K6´�ìɡCJ

ĺƿ��q8Ɗ�ğ5J�TE0 ��q8B�ìɡCJĺƿɤNó���qĺƿɤ�ɃƊ8ĺƿ�
�q8ìɡCJĺƿɤNĢ��qĺƿɤ3�4� 
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 2.3�(9<AE(=CU��

ÐĺƿɤƮɳ8ɑɎNȻ4�2�³ƂÐ8ʖǾěÝņ8ɎȐ�ţɄ35J�2.2 ȑ2ɭ>+G46�
óȗ5ĺƿɤƮɳ2�.1E³Ƃ��q8ɋƣ9Ďʕ2�J�G.1�ƙʋŅÝƾNęǿ3$+

c����c����Ȳǳ6Ǫ�HKJ�ĺƿɤƮɳ8ɎȐ�o�9�ƿʄ8 1/10 ȅŏ8ʄ#8
ǵƐ¸ʥ^�lqʦ6Ýç#KJ�)K*K8^�lq6��1ŅÝñ#K+�]eTU�Ɛȅ

ŒNɋ��!K6G.1ĺƿɤƮɳN³ƂCJÐ8ʖǾěÝņ�ɎȐ2�J�c����c��

69ʖǾǭc����c��h{pTUQʥSynopsisʦ2�JRsoftâN»Ǫ$+�!8h{pTU
Q6Öȷ#K+BeamPROP�FullWave�FemSIM3Ĉ:KJǰ5JůƾNǪ�+ɎȐh{pNţɄ
5ɎȐ6Ť%1»�Ý�N$+�)K*K8ɎȐh{p9�ƙʋŅÝy��³ƂƾʥFinite 
Difference Beam Propagation Method: FD-BPMʦ�ƙʋŅÝƕʇʞĘʥFinite Difference Time Domain: 
FDTDʦƾ�ƙʋɄȘƾʥFinite Element Method: FEMʦ6ę0�1�J�Ɲȑ29�!KH8ɎȐ
öǨ6/�1ɘƓCJ� 
� ÐĺƿɤNĄCÐȘī6��JÐ³Ƃ8ɎȐ2ƘE�Ȳǳ6Ǫ�HKJɎȐůƾ9�FD-BPM
ƾ2�J 2-3�ƵǗ3$1�Ɲůƾ9Ð8³ƂƐă8B8�Ɛă8ɎȐ$ñ2�5�+D�Ð8ú

Ĺ9ɎȐ2�5��úĹNȪŬCJţɄ8�JƮɳ6��19�FDTDƾ�Ǫ�HKJ�FDTDƾ
9ĺƿɤƮɳN³ƂCJÐ8ƕʇĠñNɎȐ2�JãǗ��J�ýɈÐ�HɬɠġA28Ȓď

ʥ300 - 1500 nmʦ2�K:�a|�]���H�S]���p�8e_��8ɎȐʞĘ6��1ʘ
ň6íǦǳ5ɎȐ�ýȬ2�J�$�$�ƕʇŅÝ8ɎȐNȻ4+D�BPM ƾ3ƹɨ$1 100-
10,000 Æ�ɎȐCJƮɳ6G.19)K­�8ɎȐƕʇ���.1$A43�4ƵǗ��J�G
.1�ęƝǳ69ʖǾěÝņNɎȐCJ�29úĹNȪŬ$5�ěā9 BPM ƾNǪ�J�DEM
ƾ9�³ƂƐă6Ĕ�5ƮɳNŸ/ɎȐ�o�6��Jđƙ��q8³ƂıƊ548ɎȐ6ǡñ

$1�J� 
 
2.3.1 FD-BPM 

BPM 9³ƂCJó�8ƿʄ�H5JʖǾƿ8ƿîƐȅŒNɬµCJ!36G.1ɋ�1��Ɛƾ

2�J�ƶŒ2ȀC~����mƐȅŒʫ 
�

 
 
Fig. 2.1 (a) ŋʙĺƿɤ�G;�(b) șȤĺƿɤ8ƱŒĐ�`Q6ʅɫDHK+Ð9 zɦƐă6³
ƂCJ�  
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.6W
.>6

+
.6W
.?6

+
.6W
.X6

+ Y(>, ?, X)W = 0 (23)  

 
9³Ƃƿ�Ǎ+CƿîƐȅŒ3$1�Ȳǳ6Ǫ�HKJ�ʖě6/�1ɎȐCJěā9�Œ(23)6
��1 E(x, y, z, t) = f(x, y, z) e-iwt3CK:�ľŴǦ n 8ȈʇÝņ6G.1ɋ�J!3�M�J�Ð
8³ƂƐăʥzɦƐă3CJʦ6ťǕ5¶ǶĠñ8ɡ!JǗ�ĭēCJ3�ɋ8Ȕŏ�·�CJ�
!KNČɻCJ+D6�f(x, y, z)8³Ƃ6G.1ĠñCJŭÝNȦF�6ĠñCJE83ťǕ6Ġ
ñCJE82ƶŒʫ 
 

 W(>, ?, X) = Z(>, ?, X)eA\]E  (24)  

 
6G.1ÝʔCJ�Y]  9øǛƿƊ3���ʈƊ f 8¶ǶĠñ8ŋĔÇNȽC�³ƂÐ8ȦF�6
ĠñCJŭÝ6/�18~����mƐȅŒ9�Œ(23)�ʥ24ʦNǪ�1ʫ 
�

 
.6Z
.X6

+ 2FY]
.Z
.X

+
.6Z
.>6

+
.6Z
.?6

+ _Y6 − Y]6`Z = 0 (25)  

 
35J�ʈƊ u NĄCʜNʌ÷CJ3�Œ(25)9~����mƐȅŒ3Ă�2�J�Œ(25)6��
1�ʈƊ u8Ġñ� zƐă8Ġñ6ĸ$1ʘň6ȦF�2�J3®ıCJ3�ȍ 1ʜ9ȍ 2ʜ3ƹ
ɨ$1ʘň6Ļ#�+D�0 6ɬµ2�J�!8ɬµ9ȦūĠñðȟȤɬµʥSlowly varying 
envelope approximationʦ3Ĉ<�Œ(25)N!8G46ɬµCJ3�­�Œ�ŞHKJ� 
�

 
.Z
.X

=
F
2Y]
a
.6Z
.>6

+
.6Z
.?6

+ _Y6 − Y]6`Zb (26)  

 
!8Œ9 3 ƶÎ BPM ɎȐ8ęƝƐȅŒ2�I�ƇǠĖÈŠÝƐȅŒ(Parabolic partial differential 
equationʦ3Ĉ:KJ�Œ(26)6ÒĹƿ u(x, y, z = 0) NÒéCJ3�z (>0)Ɛă=8³ƂÐ8ʖěÝ
ņĠñ�ɎȐ2�J� 
� ƝǼȇ2Ǫ�+ɎȐh{pBeamPROP29BPMƾ6�]��]�s`�h�ƾ6ę0�+ƙʋ
ŅÝƾNȠā$+ FD-BPM ƾNǪ�1�J�ƙʋŅÝƾ29�³ƂÐ8³ƂƐă6��JʔƉǳ

5Ǘ6��18ʈƊNȪ5J�z ŋʙÖ8ʖěÝņ�ʔƉǳ5Ǘ6/�1ıȩ#K+ƕ�z ɦƐă
6 1 ǗÝɵO,ʑ8ŋʙÖ8)K*K8Ǘ6��JʖěÝņ�ɎȐ2�J�!8ɎȐN³ƂƐă
6ĸ$1ʝǯ6Ȼ.1��!36G.1�ƘȚǳ69ĺƿɤƮɳNĄCɎȐʞĘÓ¸8 3 ƶÎǳ
5ʖěÝņ�ɎȐ2�J�nǯǴ8ŋʙ�8^�lq i28ʈƊ ui

n6/�1Ȫ5J�nǯǴ3 n+1
ǯǴ8ŋʙ6ŻAK+ʞĘ28Œ(26)9ŅÝƐȅŒʫ 
�

 
ZA
=c; − ZA

=

∆X
=

F
2Y]
a
e6

∆>6
+ fY g>A, X=c;6

h
6
− Y]6ib

ZA
=c; + ZA

=

2
 (27)  

 
2Ƚ#KJ�!!2�d2ui = (ui+1 + ui-1 - 2ui)�zn+1/2 º zn + Dz/2 2�I�d2

 9 2ƶ8ŅÝºǪȘNȽ
C�3´3ƷƐȻß8ɰƶɎȐȝƤ�Œ(27)�HŞHK�!KNǪ�J3ʈƊ ui �H ui+1 �ɎȐ2�
J�FD-BPMƾNǪ�+ɎȐ29�ĞǭƠ¯8ɑıFÈÐŧĚ8ĺÒƐƾ�2Ɛă³Ƃ�BPMN
Ǫ�+��q8ɋƾʥ³ƂıƊ8ȐÜʦ54ʀɄ5ɄȘ��!!29ƝɎȐůƾ8ęƝ2�JŅ

ÝƐȅŒĺÜ8ɘƓ8B3CJ 4-5� 
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2.3.2 FDTD 

Œ(1)8�]eTU�ƐȅŒ9ʖě�G;Ǿě8Ö�ǞƐ8Ȉʇǳ5ŠÝÀƊ�M�K:�E4Ǟ
Ɛ8ƕʇǳ5ŠÝÀƊ�ƻAJ!3�x, y, z 6/�1łČĸȃŦ��J!3NȀC�FDTDƾ29
^�lq=8ɎȐʞĘ8Ýç3�ƕʇĠƊNĄC�]eTU�ƐȅŒN�ĥŅÝɬµ6G.1Ȉ

ʇĠƊ3ƕʇĠƊNÝʔCJůƾNǪ�J�!8ɬµƐȅŒ6ʖě�G;ǾěN¬ÒCJ!32�

)K*K8^�lq�ƕʇ6��JʖǾě8�]p�ɋNƻDJ!3�2�J� 
� FDTDƾ29�3ƶÎ8ɎȐʞĘN Yeeg� 63Ĉ:KJ^�lq6ɣʔDx, Dy, Dz 2�ƕʇNDt
2ÝçCJůƾ�ƘE�Ȳǳ2�J�Ýç#K+ Yee g�28ʖě�G;Ǿě�]p�NÅâ6
ɎȐ$1����JɎȐenl} n, n + 16��Jƕä t = nDt�G;(n + 1/2)Dt28ʖě3ʖě�
]p�)K*K8ŭÝNɎȐCJ�enl} n28Ǿě3�enl} n – 128ʖě8ȈʇĠñʂ
8ʜNë5J!32�enl} n 28ʖě8�]p�ɋ�ŞHKJ�­�8ƐƾNǪ�1��J
�lc�Ǘ6��JʖǾěŭÝʥEx, Ey, Ez, Hx, Hy, Hzʦ6/�18ƐȅŒ�ƻAJ�¼3$1�Hx

3 Ex6ʈCJƐȅŒ9�ƶŒ 
�

 <M	(A,j,\)
=c;/6 = <M	(A,j,\)

=C;/6 +
∆(
,∆X

l9K	(A,j,\)
= − 9K	(A,j,\C;)

= m −
∆(
,∆?

l9E	(A,j,\)
= − 9E	(A,jC;,\)

= m (28)  

�

 9M	(A,j,\)
=c; = 9M	(A,j,\)

= +
∆(
0∆?

n<E	(A,jc;,\)
=c;/6 − <E	(A,j,\)

=c;/6 o −
∆(
0∆X

n<K(A,j,\c;)
=c;/6 − <K	(A,j,\)

=c;/6 o (29)  

 
2Ƚ#KJ�!!2�ƋƊÇ i, j, k9�lc�Ǘ8 x, y, z Ɛă8¶ȨŧĚNȽC�ƕʇŅNDt/2 ,
�DH$1ʖě3Ǿě8�]p�NŒ(28)�(29)54NɎȐCJ!32�ƕʇǱĿǳ5ʖǾěÝņ
NƻDJ!3�2�J 7�ɎȐʞĘ8Ğǭʙ69 Perfectly matched layer (PML) 7F Periodic boundary 
conditions (PBC)54NǪ��Ğǭʙ28Ð8úĹ54Nʉ� 8� 
 
2.3.3 FEM 

FEMƾ9�ɎȐʞĘ�³ƂƐă6ĸ$1ɴȡǳ2�Jěā�³Ƃ��q3³ƂıƊNɎȐýȬ2
�J�¼3$1�ǾěɎȐ8ěā9�]eTU�ƐȅŒ2�J 
�

 ∇	×	01C;(∇	× 	/) = 	 Y-
6/ (30)  

 
3 H* 38ġȆ�H� 
�

 p = q {(∇	× 	/)∗ ∙ 01C;(∇	× 	/) − Y-
6/ ∙ /∗}

	

s
	O>O? (31)  

 
NŞJ�Œ(31)9ɒ¾ʈƊ3Ĉ:K�F 9ɎȐʞĘNȽC�A+�Œ(31)9Œ6ǲěCJĠƊ� ai

N¶F/¶ai = 0 Ǎ+C3®ıCJ!32�Ȼß8đƙÇĊʠ3$1ű4�Œ(31)9ɎȐʞĘÓ¸6/
�1ɎȐCJţɄ��J+D�ɎȐʞĘ9 FDTD ƾ3ĂƯ6ŠĻ5�lc�6Ýç#KJ�!8
ɒ¾ʈƊ9ȆÝÇ3$1295���lc�"38ɎȐÇ8ȆȐ3$1ɬµ#KJ�­�8Ɛƾ

6GI�ɎȐʞĘ)K*K8�lc�Ǘ6��Jʖě�G;Ǿě8đƙ��q8Ýņ3³ƂıƊ

�ɎȐ2�J� 
�

2.4 ¨x_Q+C' 
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Ðĺƿɤ8g�a3$18ãǪ9 Lukosz H� 1980 Ō¬Ŝò6ĚĆ$+8�ĩAI2�J 9,10�!

K9�ŋʙĺƿɤ8ȽʙľŴǦĠñNɬžěÐNǪ�1ǌıCJ3�4ůƾNǪ�+�!K­ơ�

ñĮ�G;wSXÝī8ƫÜ8ŤǪ¼�ĢƊĚĆ#K1�+� 
� Ɲȑ29ɬžěÐNǪ�+ȽʙƫÜ8öǨ6/�1ɭ>J�ĺƿɤ�8³ƂÐ9`Q6ʒ�C

J��`Q3]�lq8ǭʙ�H]�lqÉ6ǔKÜ$+ɬžě3Ĉ:KJʖěŭÝ�ĭēCJ�

ɬžěŭÝ9ŹƊʈƊǳ6ǊȾ$�)8ǆɯɣʔ9`Q�]�lqǭʙ�H 30-100 nm ?42�
J�!8ȒďÖ6��19��ɼ]�lq8ľŴǦ nclad Fg�aȽʙ6ŗŭ#K+ąǹŁ8ľŴ
Ǧ nad�G;Ȯõ tadNƈŪ6Ū%ûI�³Ƃ��q8Ȏ¾ľŴǦ neff8Ġñ�ɡ!J�³Ƃ��q

8¶Ƕɲŏ vp3Ȏ¾ľŴǦ neff8ʈÀ9ƶŒʫ 
 

 tp =
8
Neff

 (32)  

 
2Ƚ#KJ�Ȏ¾ľŴǦ neff9ĺÒCJÐ8ƿʄl�ĺƿɤŉ w �G;ʤ# h�`Qƞƍ8ľŴǦ
ncore�ÈÐ6EŘʛ#KJ�Ȏ¾ľŴǦ9³ƂıƊNǪ�1 neff = cb/w 8ŒGIƻDHKJ�Ŋǉ
ɎNǪ�1�¶Ƕɲŏ8Ġñʂ�HȎ¾ľŴǦNƻDJg�a�ƊĢ�ʆǱ#K1�+�Fig. 2.2
9ɬžěÐg�a8îºöǨNȀC�wSXg�a6��JȎ¾ľŴǦ neff8Ġñ9��6�ɼ]

�lq8ľŴǦ nclad3ąǹŁ8ľŴǦ nad6GJE86Ý�HKJʥFig. 2.2 (b)ʦ�­�6ĺƿɤȽ
ʙ=ąǹ$+ǩ¸Ýī��ɬžěŭÝN©$1³Ƃ��q8Ȏ¾ľŴǦ6ĠñN�5JƯīNȀ

C�ɎȐ9�`Q�G;]�lqƞƍ=8ǠɟŷƉ9ɡ�D�ÛÚFșĬ8ǘ�ŋǒ5ĺƿɤN

ŨıCJ�Ȏ¾ľŴǦĠñ9ƶŒʫ 
 

 ∆Neff = g
.Neff
.(ad

h ∆(ad + g
.Neff
.Nad

h ∆Nad + g
.Neff
.Nclad

h ∆Nclad	 (33)  
 
2Ƚ#KJ�ĺƿɤȽʙ=8ǩǌıĸɝÝī8ąǹŁȮõĠñ6ĸCJŪŏ9wSXg�a6�

�1ʘň6ʀɄ2�J�!!2�ÒĹÐ9 TE��q3$�ƫÜĸɝÝī�ĺƿɤȽʙ6Ĕɟ5ȸ
Ȯʥtad << lʦNŗŭCJ3®ıCJ�ąǹŁ8Ȯõ3Ȏ¾ľŴǦ neff8ʈÀ9ƶŒʫ 
 

 
.Neff
.(ad

= f
Ncore6 − Neff

6

NeffOeff
i f

Nad
6 − Nclad

6

Ncore6 − Nclad
6 i	 (34)  

 
2Ƚ#KJ�!!2�deff 9`QʞĘ8ƙíľŴǦ6ę0�+õ#NȽC�Ĳʏ8ǌıĸɝÝī8
ǌı29�ąǹŁ6ĄAKJÝīʂNƻDJ�)8+D�ª8ƫÜȕ3ŦȬNƹɨCJ�2ǌı

ĸɝÝī8ȽʙȿɅǦG�ʀɄ35J�ȽʙȿɅǦG3Ȏ¾ľŴǦ neff9Œ(33)þɪ8àʜNǪ�1� 
 

 ∆y = g
.y
.(ad

h g
.(ad
.Neff

h ∆Neff	 (35)  
 
3Ƚ(J�A+�ȽʙȿɅǦG9ƶŒʫ 
 

 y = (ad z
Nad − N{ore
.Nad
.8

|	 (36)  

 
3Ƚ(J 11�Œ(36)8ÈŠÝÀƊ9 
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.y
.(ad

=
Nad − N{ore
.Nad
.8

	 (37)  

 
2�J�i�x]ɟŁ8ąǹ6��1�Œ(37)þɪ8ÝƸ }=ad

}{
 3ąǹŁ8ľŴǦ nad9 0.188 mL/g �

1.45�ƌǥÇ3$1ǺHK1�J 12� 
 
2.5 :E1�Y�¥2
�8}Zt�Y[´DCµ 

ŋʙĺƿɤ­�6Ƀʓ5Ʈɳ6��JʖǾěÝņF³ƂıƊNɋƣCJǨɛŒ9ĭē$5��$

�$�Ðĺƿɤ8g�a=ŤǪCJ69!KH8ęƝǡŦN¥å6ǺJţɄ��J�ɎȐĸɝ8

ĺƿɤƮɳ�ǨɛŒ8ĭēCJƮɳʥęǏƮɳʦ6ɬ�ěāA+9)8țBāM(3B5(Jě

ā9�ęǏƮɳ8ɋNÎ6$1ɎȐNȻ5J�Ɲȑ29�DC 8ęƝǡŦ8��qȝāǨɛNǪ�
+ɎȐ6GJƻDƐ6/�1ɭ>J� 
 
2.5.1�DC3:E1�Y}�p�

Fig. 2.36DC8ęƝƮɳNȀC�2Ɲ8ĺƿɤ�Ð8ƿʄȅŏʔK1�O,Ʈɳ�H5J�)K*
K8ĺƿɤ�§�6Řʛ$5�ɣʔA2ʔK1�K:�Åâ8đƙ��q�ìɡCJ�$�$�

!8G46ĺƿɤʇ8ʇʎ�Ð8ƿʄ8ƊÆ8ɣʔA2žɬCJ3�³ƂÐ� 2 Ɲ8ĺƿɤ8ʇ
NřşCJ�!8ǧɝ9Ðĺƿɤʇ8��qȝā3Ĉ:KJ���qȝā9 2 Ɲ8ĺƿɤȽʙ�
HǔKÜ$+ɬžěŭÝ�Ƕ§ºǪ$�ĺƿɤʇ6��1³ƂÐVt�\�8ȄȻ�ǩ%J+D

6ǱǩCJ�ɬžěŭÝ9ŠŔ2�J+D�2Ɲ8ĺƿɤʇNA+�.+ıēƿ�ìɡCJ69�

 
 
Fig. 2.2 (a) ³Ƃ��q3Vwtlg�pě8ƱŒĐ�ĺƿɤ`QÖ8Ð9¶Ƕɲŏ vp,12³ƂC

J�Ȏ¾ľŴǦ�ğģCJ3¶Ƕɲŏ�ɶ�5Jʥvp,2 < vp,1ʦ�(b) ¶Ƕɲŏ8ɶŐ9 �ɼ]�l
q8ľŴǦĠñDnclad ʥw�]ƫÜʦ�ąǹŁ8ȮõĠñDtad �ľŴǦĠñDnadʥȽʙƫÜʦ6GI

ɡ!J� 
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§�8ĺƿɤȽʙ8ɬžěŭÝ�ʄɣʔ6M+.1Ă¶Ƕ2ĵ�CJ!3�ƻDHKJ�2Ɲ8ĺ
ƿɤ�Ă%Ʈɳ3³ƂıƊNŸ/3��)K*K8ĺƿɤÖ2ìɡCJ³Ƃ��q8³ƂƐăć

ƛEȎ$�5J�2Ɲ8ĺƿɤNĺƿɤ A�ĺƿɤ B3$�zɦƐă6³ƂCJÐ8��qȝā6
/�1Ȫ5J���qȝā� 
ɡ!.1�Jƕ8 2Ɲ8ĺƿɤ28ʖěN 
�
� ~(&, () = �(X)9A(>, ?)eA

(B:CDAE)� ��)  �
�
� Å(&, () = Ç(X)9B(>, ?)eA

(B:CDBE)	 ��
  �
�
2ȽC�!!2�9j(>, ?)	 ʥj  = A, Bʦ�Jj9ĺƿɤ A�BN³ƂCJÐ6G.1ǩ%+ʖě� 
!!2�9j(>, ?)	(Ñ = A,	B) 9Āĺƿɤ�ǣȊ$1ĭēCJ3®ı$+ěā8ʖě�Jj 9³ƂıƊ�

�(X)�Ç(X)9��qȝā6G.1ǩ%+ʖěĠñŭÝ�G 9ɊćƿƊNȽC�óȗ8+D�ĺƿ
ɤA�B9ó���qĺƿɤ3CJ���qȝā6GIĠñ$+ʖě9�Āĺƿɤ8ʖě8Ġñŭ
Ý�(X)�Ç(X)8Ȥŗȝā2Ƚ(J�!K6GI�ȝāȕ8��qȝāƐȅŒ�³ƂıƊ�đƙʈ
Ɗʫ 
�

� O
OX
g
~
Å
h = −F g

JA ÖAB
ÖBA JÜ

h g
~
Å
h	 ���  �

 

 Jm =
(JA + JB) ± eJ

2
	 (41)  

 
 eJ ≡ â(JA − JB)6 + |2ÖAB|6	 (42)  

 

 ã
Å(X)
~(X)

å
ç
=
−(JA − JB) ± eJ

2ÖAB
	 (43)  

�
�ŞHKJ �!!2� ÖAj 9��qȝāıƊ2�I�ÖAB = ÖBA

∗  NǍ+C�!8Œ9Ðĺƿɤ8ɋ
ƣ6��1�ıŦǳ5ʖě8żȱ�NȀC � 
 
2.5.2�\�:E1´OD`:E1µ1 DC3QqoSl�

ȑ 2.5.1 2ĺÜ$+��qȝā6GJÅâ8ĺƿɤ6��Jđƙ��qN 1 /6A3DJ3�DC
8đƙ��q2�JÊ��q�ħ��qNƻDJ!3�2�J���qȝāÀƊ kAB �¶Ȩ z6½
ĭ$5��ıƊ2�J3�4Ơ¯29�ȝāȕ8³ƂıƊ3ʖɋżŉƹEA+¶Ȩ z 6½ĭ$5

 
 

Fig. 2.3 ŉ w�ĺƿɤʇɣʔ g8 2Ɲ8ŋȻĺƿɤ6��J��qȝā6GJʖěȄȻ� 
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��!8!39��Jđƙ��q8ʖɋŭÝƹ6��1�DC 9Ə+6đƙ��qNŗŭ2�J!
3NȀC�Œ(40)8þɪ8ȻßŭÝ9�)8³ƂıƊ2�JđƙÇNĸɊŭÝ6Ÿ/ƶ8Ȼß M
NǪ�1ƶ8G46ĸɊñ2�J� 
 

� O
OX
g
~
Å
h = −FMg

J1 0
0 J6

hMC; g
~
Å
h	 ���  �

 
!!2�ȻßM9ƶŒʫ 
 

 M	 = 	g
(JA − JB) + eJ 2ÖAB

2ÖBA
∗ −(JA − JB) − eJ

h	 (45)  
 
2Ƚ#KJ�Œ(45)6ń�HȻßM-1NŽ�J3�ƶŒʫ 
�

� O
OX
g
9;
96
h = −F g

J1 0
0 J6

h g
9;
96
h	 ��
  �

 
8G46ĸɊȻß2ȽȀ2�J�!!2�Œ(46)9ȝāȕ8Ðƿ³ƂNȽCŒ2�I�bmʥm = 1, 
2ʦ9Œ(41)6Ȁ$+³ƂıƊ2�J�A+�ȝāȕ8đƙ��q8ʖǭ EmN 
�

� g
9;
96
h = MC; g

~
Å
h	 ��(  �

 
3��+� 
� ƝǼȇ2Ǫ�J DC9 2Ɲ8ĺƿɤ8ŗǢ�Ȏ$�+D�Ġƀ8Ɛă6ʈMHD���qȝāı
ƊÖAj�Ġñ$5�3®ı2�J�!!2�Ð�ĺƿɤ A 68BÒĹ#K+3®ıCJ3���q
ȝāıƊ�³ƂıƊ�ȝā6G.1ĠñCJʖě9)K*KÖAB = ÖBA(= Ö)  , JA = JB	(= J)  , 
�(0) ≠ 0	, Ç(0) = 0 3Ƚ(J�ȝāȕ8³ƂıƊ6ĸŤCJđƙ��q9�)K*KÊ��q�ħ
��q65JʥFig. 2.4ʦ� 
� 2Ɲ8ĺƿɤ6��Jʖǭżŉ R, S �Õɱčī8 exp	[−F(J + Ö)X] NŸ/3®ıCJ�R, S �ȯ
Ɠɋ­ġ8ɋNŸ/+D8Ơ¯�H�Œ(40)8��qƐȅŒNɋ�!3�2�J�ʖě�ɣʔ z ,
�³Ƃ$+ƕ8åɵƿ8ǶĸÐŕŏ9 
�

� í
�(X)
�(0)

í
6

= cos6(ÖX)� ��)  �

�

� í
Ç(X)
�(0)

í
6

= sin6(ÖX)	 ��
  �

�
3Ƚ(J�!KH8Œ�H�ǞƐ8ĺƿɤ6Ð�ÒĹ#K+ƕ8ĺƿɤ A, B Ö6��JÐŕŏ9
³Ƃ33E6ɣʔ Lc"36ćƛǳ6ĠñCJ!3�M�J�!8 Lc9ȝāʄ3Ĉ:K�ƶŒʫ 
 

 ñc =
ó
2Ö

=
ó

J; − J6
=

ò

2_Neff,		1	 − Neff,		2`
	 (50)  
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2Ƚ#KJ� !!29�³ƂıƊ bm 6ĸŤCJȎ¾ľŴǦN neff, m3CJ� 

 
2.5.3�Qm�¢1��3 DC�

Ð8Ŋǉ9�ÐŕŏÝņ8āɎ�Åâ8ÐŕŏÝņ8ȣĉ6Ȏ$�5J 2 /­�8Ðƿ8Ƕ§º
Ǫ�3ıȩ#KJ 13�ÐŊǉɎ39�ɣʔ�ǋŏ�Ēé54NʖǾě8ŊǉNǪ�1ʤȔŏ6ǌ

ıCJɀȨ2�J��Ȳǳ5ÐŊǉɎ9�ƫÜǪ8Ðɤ3øǛǪ8Ðɤ8ʇ8¶ǶŅNǪ�1ƫ

ÜCJ�DC 9�Ȳǳ8ŊǉɎ3ǰ5I�2 Ɲ8ĺƿɤ8�ƐNƫÜǪ8ĺƿɤ3$1Ǫ�1�J�
$�$�ȑ 2.5.22ɘƓ$+G46��ɼ]�lq8ľŴǦĠñʂDnclad 6GJ 2/8đƙ³Ƃ��
q�Ê�ħ��q8ŊǉNƫÜ$1�J!3�H�DC EÐŊǉɎ3ɍ5J�Ɲȑ29�Ê�ħ�
�q8Ŋǉ6G.1�DC8Ãÿŕŏ�Ƽı#KJ!3NɘƓCJ� 
� Ê�ħ��q8ʖěÝņ E1�G; E29Œ(38)�(39)�(47)NǪ�1ƶŒʫ 
�
� 9;(&, () = 9;-eA

(B:CDôE)� �	�  �
�
� 96(&, () = 96-eA

(B:CDöE)	 �	�  �
�
2Ƚ#KJ�!!2�Ê�ħ��q8ʖěÝņ8àƛÇN E10�E20 3$1�J�Ðŕŏ9ʖě8

żŉ8 2 6ƹ¼CJ!3�H� 
�

�
õ = |9|6 = 9 ∙ 9∗�
			= (9; + 96)(9; + 96)∗�
			= 9;9;

∗ + 9696
∗ + 9;96

∗ + 969;
∗�

�	�  �

�

2Ƚ(J�Œ�53)8ƜĽ 2ʜ8ŊǉɼÝ9 E1E1
* = I1 �E2E2

* = I2 2�J+D� 
 

�
9;96

∗ + 969;
∗ = 9;- ∙ 96-leA

(DôCDö)E + eCA(DôCDö)Em�
																										= 29;- ∙ 96-cos(J; − J6)X�
																										= 2âõ;õ6	cos(J; − J6)X�

�

35J�G.1�ŕŏÝņ9ƶŒʫ�

 
 

Fig. 2.4 DC ���0��Ê�ħ��q3 DCĺƿɤ8ƱŒĐ� 
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�
� õ = õ; + õ6 + 2âõ;õ6	cos(J; − J6)X� �	�  �
�

2Ƚ(J�Œ���	8 I1 � I2 9�Ê�ħ��q8ʖěŕŏȆÝÇ�Ȏ$�!3�H�ȰCJ+D�

�Ɛ3E I0 3��3���8³ƂƐă6ƽ.+ŕŏÝņ9��
 

� õ = 4õ-cos6 a
(J; − J6)X

2
b� �		  �

�

35J�!K9Œ(48)3�ȰCJ�ƝǼȇ29�Œ(55)NɇƨñCJ!32�ÃÿŕŏN 0-1 ʇ2
ĠñCJÇ3$1ű.+� 
� Ĳʣ6Ǫ�J DCĖĺƿɤŊǉɎ69�DC8�Ȍ6Òé�ÜéǪ8ó���qĺƿɤ� 2ƝD
/ɾȨCJ�ÒéǪ8ĺƿɤ8ǞƐ�HÐNÒĹ$�2Ɲ8ÜéǪ8ĺƿɤ�HÜĹCJ 2/8Ã
ÿ8ŕŏN CCD Y��2ɉǌCJ�2 /8Ãÿŕŏ8ƹǦ9Œ(55)3�ȰCJ�Ê�ħ��qʇ
8Ȏ¾ľŴǦŅ∆neff9ƶŒʫ 
Ĳɀ#K+ DCĖŊǉɎ9 DCƜȌ6ÜéǪó���qĺƿɤ� 2Ɲžȡ#K�ĺƿɤȌʙ�H

2/8Ãÿ8ŕŏ� CCDY��542ƃŘ#KJ�2Ãÿŕŏ8ƹ9Œ(55)6Ȁ$+ I6ĸŤCJ�
Ê�ħ��qʇ8Ȏ¾ľŴǦŅʥ¶Ƕɲŏ8Ņʦ9�îºƿʄ l�DC Óʄ z = L �ÃÿŕŏĠñ 
DI NǪ�1ƶŒʫ 
�

�
ΔNeff = Neff,	1 − Neff,	2�

											= cosC; f
ò√∆õ
ñ

i�
�	
  �

�

2Ƚ#KJ�!!2�l9îºƿʄ�L 9 DC Óʄ�DI9ÃÿŕŏĠñʂN)K*KȀC�g�a
Ƚʙ8i�x]ɟȿɅǦ9ÃÿŕŏĠñDINŒ(35)�(37)�(56)NǪ�1ɎȐ2�J� 
 
2.6 DC+C'3(9<AE(=C278£¢ 

Ɲȑ29 FD-BPMƾ3 FEMƾNǪ�+ĻĖ DCĺƿɤg�a8ęƝǡɂ8ǽɕ�ɑɎƐƾ6/�
1ɭ>J�Šș5ĺƿɤƮɳ8ºɂ6�+.19��Ȳǳ6Ð³Ƃ8c����c��6GJɑ

Ɏ�ȻMKJ 14,15�ƝǼȇ2EowSe8ºɂ8å6c����c��NȻ.+� 
ª8Ģ�8ŊǉɎg�a29Ŋǉȧ8Ġ¶ʂNǪ�1ÃÿNûIÜC��DCŊǉɎ29 2Ɲ8

ÜĹǪĺƿɤ�HŞHKJ 2/8Ãÿŕŏ8ƹǦNǪ�J�ƝǼȇ29!8ÃÿŕŏƹN 
 

õA =
üA

ü; + ü6
	(F	 = 	1, 2) (57)  

 
2ıȩCJ�Ãÿ9ĸǠ��fNǪ�1ÜĹǪĺƿɤȌʙ6ǙǗNāM(�CCD Y��2ɉǌC
J�!8ǌı9ïő5ÐĮĲʣɀȨ2Ȼ4!3�2�J�ÃÿĠñNȜƕǳ6ǌı2�J3�4

ãǗ��J� 
ɎȐ�o�3$1�`QƞƍN SU-8��ɼ]�lqƞƍN SiO23$�ÒĹƿʄ9 635 nm 3$

+�`Q�]�lq8ľŴǦ9 1.59�1.463$+ 16��ɼ]�lq9ęƝǳ6ƺNŨı$1ľŴǦ

1.33 3$+�!KH8c����c��9�RSoft 6ĄAKJ�o��^h{p RSoft CAD�FD-
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BPM ɎȐh�w� BeamPROP���qɎȐh�w�ModePROP�FEM ɎȐh�w�FemSIM NǪ
�+ 17� 
 
2.6.1 SU-8g�§3".0!5�H 

�Ȳǳ5ŊǉĖÐĺƿɤg�a3ĂƯ6ƝowSe6��1Eó���qĺƿɤN»ǪCJ�)

8+D6 SU-8 / SiO2ĺƿɤ8ó���qĺƿɤƠ¯NɎȐ$+ʥFig. 2.5ʦ�ɎȐ9ĺƿɤŉ�ʤ
#8Ȏ$��o�NǪ�1Ȼ.+�)8ȝƤ�ŉ�ʤ#� 550 - 800 nm8Ȓď6��1ó���q
35J!3�M�.+� 
� ­�8ȝƤGI�ĺƿɤŉ9 600 nm3$+�ĺƿɤʤ#9ĺƿɤºɂ6»Ǫ$+ɓȹù;ƴƞ
8ɽā� 700 nm3$+�!K­ʊ8ɎȐ�ºɂ29Ó1!8ÇNǪ�+� 
 
2.6.2 DC¬#;.6¦®1�Yª3­L 

DC ĺƿɤ6��1�)8ȽʙľŴǦ6ĸCJŪŏ9ȝāʄ�ǻ�?4ʤ��A+�ȝāʄ9ȝā
��q�ŕ�ȝāCJ?4ǻ�5J�)8+DDCɼ8ĺƿɤʇʎ�Ǥ�?4GIŕ�ȝā�ɡ!
I�ȝāʄEǻ�5J9D2�J�!KNǽɕCJ+D6�ĺƿɤʇʎ� 100 nm�300 nm�500 
nm�700 nm8ěā6��1)K*K8ȝāʄNɎȐ$+ʥFig. 2.6ʦ�^�{GIĺƿɤʇʎ�Ǥ
�5J6ŝ��ȝāʄ�ŹƊʈƊǳ6ǻ�5J!3�M�.+�!8!3�H���6$1ŠĻ

5ĺƿɤʇʎNĲǧCJ�� DC owSe8ʤŪŏñ6��1ʘň6ʀɄ2�J!3N×ǽɕ$
+� 
 
2.6.3 2@$iw�1�Yª3­L 

ƘŜ6ƝowSe�ȽʙľŴǦĠñ6ĸ$148G45źîNȀC8�ɎȐ6GIǽɕ$+�!

!29�ĺƿɤʇʎN 300 nm 3$+�ĺƿɤćɪ8ľŴǦ9ƿʄ 633 nm 28ȗƺ8ľŴǦ2�
J 1.33 NęǏ3$1�1.33~1.37 8ʇ2Ġñ#(+�Fig. 2.7(a) 6)K*K8ćɪľŴǦ6��J
ɇƨñÐŕŏN DCȝāɼÓʄ6ĸ$1}�lp$+�^�{GI n=1.3383� 60 µm2�.+
ȝāʄ� n= 1.3729 40 µmȅŏ3ǻ�5.1�J!3�M�.+�Fig. 2.7(b)9 DCȝāɼ L= 
80 µm28ɇƨñÐŕŏ8ĠñN n= 1.33�H8ľŴǦĠñʂ2}�lp$+^�{2�J�Ƚʙ
ľŴǦ�ğëCJ6/K1ɇƨñÐŕŏ 0.78 �H 0.22 =Ǌļ$+�ȽʙľŴǦĠñ3ɇƨñÐŕ
ŏ8ʇ69ǵȤǳ5ʈÀ��I�!8Ì��g�a8ŪŏNȽC�­�8!3�H�ĺƿɤʇʎ

300 nm8 DCowSe6��1g�aȽʙ6ĭēCJǑǇ8ǌı�ýȬ2�J!3�Ȁ#K+� 
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Fig. 2.5 SU-8ĺƿɤ6��JĺƿɤŉʥWidthʦ3�Ł]�lqƞɟ6ĸCJȎ¾ľŴǦ8Ý
ƉƖȤ��Ł]�lq2�Jɿñc�`�8ľŴǦʥn = 1.46ʦ�YlpX{Ơ¯2�I�ƙ
íľŴǦ�!K­�2�J��q�³Ƃ��q35J� 
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Fig. 2.6 (a) ǰ5J\�l}ɣʔʥGAPʦ�G;ŉ 600 nm8 SU-8ĺƿɤ�H5J DC8Āđƙ
��q8Ȏ¾ľŴǦ� (b) TE�TM8 SU-8 DC8\�l}ʇɣʔ3ȝāʄ8ʈÀ � 
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Fig. 2.7 ȽʙľŴǦ8ĸCJÐŕŏĠñ�(a) ćɪľŴǦ n = 1.33-1.376��J DCĺƿɤ8Ö
ɼ28ÐŕŏƹĠñ� (b)ȽʙľŴǦ3ȝāʄ8ʈÀ� 
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2.7 DC +C'3J  

­�6 SU-8 xi�s�^8ſǬƠ¯8ƫɏ6/�1ɘƓCJ�Ɲƫɏ29�SU-8 c��f8�
2EȮõ 1 µm åŜ8ȸȮŗŭNŨı$+ SU-8 2 NǪ��xi�s�^6��Jq�fʂ8Ƙɹ
ÇNƻD+�xi��8ºɂȔŏ8ǽɕ�Ƚʙù;Éʙ8ŋǒŦ8ǽɕNȻ.+�ǡ6ĺƿɤȽ

ʙù;Éʙ8ŋǒŦ9ĺƿɤN³ƂCJÐ8³ƂƁĦ6ģ��ʈÀCJ��Ȳǳ6ĺƿɤ8ŋǒ

Ŧ9Ƚʙ8ÛÚ�³ƂCJÐ8ƿʄ8 10 %­�2�K:ǘɈ2�J3#K1�J�ƝǼȇ29»
ǪCJÐ8ƿʄN 632.8 nm3$1�J+D�ȽʙÛÚ� 60 nm­�35.1�J!3NǴư3C
J� 
ʖīȤſǬ6GJ SU-88xi�s�^9ɱň8�e]Q�S°�N»Ǫ$+ UVÐ6GJʗÐ

�ʖīȤ6Ȩ�ƀM.+­ġ9ƶ8ưǏǳ5�h^�{RƐƾ3Ă�2�J�(1)ęƢ8ǂǄ; (2)
ęƢ=8 SU-88Ĝņ; (3)}���]; (4)ʗÐ; (5)�ep��]; (6)ǧÍ; (7)v�q��]2�J�
ƘŜ6Ȼ4v�q��]9���]Ơ¯6GJȽʙŋǒŦ8ă�ƫɏ­ġ29ǷǮ$+�Ɲƫɏ

69 20 mm	20 mm8 SiO2ɿñȮ«� SięƢN»Ǫ$+�ſǬʙȆ9 10	10 mm­�35JG
46$+�ſǬxi��Ǫ8 dxf{PS�9MEMS/ICobS�ȥʒǪh{p2�J Layout Editor 
NǪ�+ 18� 
 

2.7.1 SU-8 3¯a�?,%>5�E 

tZĖ{Wp�dep SU-8 (Microchem, Newton, MA, USA)9`�i]p�h^�{R3Ĉ:KJ
Ųȼ6GI�UV8ǛĹ6GJƥƳúŤ6G.1ŗŭ#KJV�[cƲȭ��e8�dep2�J�
SU-8 �69V�[c�u��ù;ɿǱǩæ�ĄAK1�J�UV Ð8ǛĹ6G.1}�p��ǩ
ŭ#K�!KNɌĪ3$1ëǜCJ!36GIV�[c�u��8ƥƳúŤ�Áɵ#KJ 19,20�

SU-8 9)8ʤ�ñĮ�ƴƪǳŕŏ�ʤQe�]pƹƮɳ8ºɂ8ĴƔ#�ª8�dep3ƹ>1
ƹɨǳį¾2�J3�.+ǡš�H MEMS ÝʁN�Ţ6ō�»Ǫ#K1�J�A+�ĺƿɤƞƍ
3$19)8ª8�depƞƍ6ƹ>1ƹɨǳľŴǦ8ʤ�ƞƍ2�J!3EãǗ3$1ź H

KJ�!KH8ãǗ6ǹǴ$�SU-8 Nĺƿɤ8`Qƞƍ3$1ãǪ$+¼���/�ĭēCJ
21,22�SU-88ľŴǦ9ƿʄ 633 nm6��1 1.592�J�!8ƞƍN`Q3$1c�^���qĺ
ƿɤNºɂCJ69ĺƿɤŉ�ʤ#9 800 nm­�25�19��5��ɠġÐ548GIƿʄ8
ʄ�ÐǎN»Ǫ$1E 1 µm ­�2�JţɄ��J�$�$��Ȳǳ5 SU-8 8xi�s�^6Ǫ
�HKJ`�i]p�h^�{RŲȼ29�1 µm­�8Ʈɳ8ºɂ9ʕ$��)!2�Fig. 2.86

             
 

Fig. 2.8. (ń) PMMA�dep6GJX�w�]�lq8ŗŭ 23� 
Reprinted from Appl. Surf. Sci., Vol 259, X. Wang et al., Inductively coupled plasma 
etching to fabricate sensing window for polymer waveguide biosensor application, pp. 
105-109, Copyright 2012, with permission from Elsevier  
(þ) xi��Ŝ SU-88 RIE6GJ×ëŃ 24� 
Reprinted with permission from ref. H. Sun et al., 2009. Copyright 2009 IEEE. 
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Ȁ$+G46 SU-8 `Q8ćɪN·ľŴǦƞƍ2Ʌ4��S]�e_��2xi��$+ SU-8 N
RIE Ųȼ6G.1GIŠĻ5Ʈɳ6ëŃCJ3�.+ŃĤ�ţɄ35J 23,24�ƝǼȇ29GIŠș

5xi���ýȬ35JʖīȤſǬɀȨNǪ�+ǵžſǬ6GJƮɳ8ºɂNɓB+�ʖīȤſ

Ǭ29 PMMA F ZEP 3�.+�Ȳǳ5ʖīȤſǬǪ8�depNǪ�+ 10~100 nm e_��8
xi���ȻMK1�J�SU-8 �dep8ʖīȤſǬ6GJxi�s�^E��/�ĚĆ#K1
�J 25-27�Romero H9ʤ# 499 nm�ǵŚ 136 nm 8z��8ºɂ6ŭê$1�J 25�A+

BilenbergH9ŉ 24 nm�ʤ# 99 nm8xi��8ºɂ6ŭê$1�JʥFig. 2.9ʦ27�­�8ĚĆ�

HƊ 100 nmxi��9ĴƔ6ºɂýȬ2�J!3�Ȫ5HKJ� 

 

2.7.2 DC -.63A�� 0 

� � �  
 
Fig. 2.9. (ń) ǵŚ 136 nm, ʤ# 499 nm8z��25� 
Reprinted from Microelectron. Eng., Vol 1, Issue 1, D. Lopez-Romero et al., High aspect-
ratio SU-8 resist nano-pillar lattice by e-beam direct writing and its application for liquid 
trapping, pp. 663-667, Copyright 2010, with permission from Elsevier.  
(þ) ŉ 24 nm, ʤ# 99 nm8�S� 27� 
Reprinted from Microelectron. Eng., Vol 83, Issue 4, B. Bilenberg et al., Highresolution 
100 kV electron beam lithography in SU-8, pp. 1609-1612, Copyright 2006, with 
permission from Elsevier. 

 

 
 
Fig. 2.10. DCowSeºɂǪxi����� 1kl}6ſǬCJxi��8Ó¸Í��8
(9 DCɼ�)9S�}lp�QTp}lpɼÝN)K*KȽC� 
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Ɲȑ29ºɂ$+ SU-8 DC kl}8�SQTp6/�1ɭ>J�Ï6ɭ>+G46ĺƿɤ8ŉ: 
600 nm�ʤ#: 700nm�ʇʎ: 300 nm9C>1Õɱ2�J�A+�DCɼ�HS�}lp�QTp
}lp=8ĺƿɤ8Ɩ�IɊ9 5�3$+�S�}lp�QTp}lp28ĺƿɤʇʎ9 100 µm
3$+�DC ɼÓʄ8ʄ#9 560 µm�Ɏ 35 ɱI3$��/8kl}�6 2 glp8owSeN
ſǬ$+�owSeÓʄ9 15 mm 3$�ĺƿɤȌɼ8èʆ28ʗÜ6GI 100 mm 35JG4
6$+�DC owSeʇ8ʇʎ9 200 µm 3$+�A+�kl}�8 2 /8glp9owSeº
ɂŜ6c�`�ęƢ8èʆ6G.1ÝʔCJ+D6ʇʎN 3 mm 3¹ɁNŸ+(+�)K*K8

kl}glp�8þȌ69 SEM 6GJƎʙɉķǪ6ŉ 600 nm, ʇʎ 300 nm, Óʄ 5 mm 8

Line & SpaceNʩglpD/Ǫũ$+�Fig. 2.106 DCowSe8ſǬxi��Nɩ(J� 
 
2.7.3 DC +C'3J 6B0&@ 

Ɲȑ29 SU-8 DCg�a8ºɂ�ɒ¾6ʏ$1�­�8ɓȹ�G;ƞƍN»Ǫ$+� 
 
�{�

�ɿñȮʥ2 µmʦ«�c�`�ęƢʥǵŚ 3 inch �õ# 500 µmʦ 
�Qgp�ʥĉÐȗȹŃƬƦŒ²ȁʦ 
�Sh}�xu��ʥĉÐȗȹŃƬƦŒ²ȁʦ 
�tZnR|{Wp�dep SU-8 2ʥMicrochem, Newton, MA, USAʦ 
�SU-8ǪǧÍǇʥMicrochem, Newton, MA, USAʦ 
 
���

�ɢȗƺɂɳɀȨ Milli-Q Advantage A10ʥMerck KGaA, Germanyʦ 
�}�f�ʀāɀȨ BP-1ʥSamcoʦ 
�ʤćƿʖǎɀȨ ACG-3GʥENIʦ 
�ez�`�i� 1H-D7ʥ�Yaʦ 
��lp}��pʥQf��ʦ 
�exliɀȨ CFS-4ESʥȵǅ�Yp�s]eʦ 
�ʖīȤſǬɀȨ ELS-7500EXʥV�Xs]eʦ 
 
 ��Si ^�T«�

ʖīȤſǬ6GJxi�s�^9`�i]p�h^�{R3ǰ5I)8ſǬƕʇ9ſǬʙȆ6Ť

%1ğģ$1���$�$�c�`�ęƢ8aSf�Ļ#�5J?4�a�}�8ǌıĲʣ6�

�Jű��ʕ$�5.1���A+��Ȳǳ6�depNęƢ6ĜņCJěā�ęƢ8Ȍ69�

depǐAI�ǩ%�ʍɡ�ǱǩCJ�!8+DęƢȌɼ6��19Ȯõ�Ĕ�25�5J�)

!25J>�ſǬʙȆNĻ#�$��/a�}�8ǌıĲʣ6Ɔʐ�5���depǐAI6G

JʍɡNȪŬ$+ęƢaSf28ſǬNɓB+�ƝǼȇ29ſǬʙȆ9³ƂƐă6ĸ$1ĕǵƐ

ă9 10 mm­��³ƂƐă69 15 mm35JG46ɾȨ$+�ęƢaSf9­�8Ǘ6ȪŬ$1
20	20 mm3$+�c�`�8(1,1,1)ʙ6ƽ.1jS���qYli�2 1 mmȅ8ËN/��)
8ɼÝN�Ţ6ʆ�G46$1ɧ�éNë51FJ!32ȓó6èʆ�ýȬ2�J� 
 
���Si ^����

100 mLy�Y�6Qgp��Sh}�xu���ȗƺ)K*K 20 mLD/Ǫũ$+�20	20 mm
6èʆ$+c�`�ęƢNQgp�ÒIy�Y�6ǆ$+�y�Y�NʪÝʇɢʚƿǂǄƴ6�
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�+�ĂƯ8ƅºNSh}�xu���ȗƺ8ʝ6Ȼ.+�ʩʧȂʇ8ȉȘ|��6G.1ęƢ

8ƺǓ9ʡ:#K+�ƘŜ6}�f�ʀāɀȨ6GIɿȘ}�f�ÙǨNȻ.+�ǂǄƠ¯9Ü

é 100 W�ɿȘÝĒ 30 Pa�ÙǨƕʇ 1 min3$+� 
 
���*4C&E0�

ǂǄǈB8c�`�ęƢ�6ez�`�i�NǪ�1 Su-8 2tZĖ{Wp�depN 700 nmŭȮ
$+�ęƢ�8ėNȉȘ|��6GIûIʌ�+Ŝ��depNęƢʙȆ8Ȗ 70%Ǔ�$1ez
�`�p$+�ez�`�pƠ¯9�slope: 5 sec, 7500 rpm: 30 sec, slope: 5 sec3$+� 
 
���6?7E$�

SU-8ŭȮŜ8ęƢ9�lp}��pNǪ�1��]$+��lp}��p9ǋŏNįı#(J+
D6���] 30 min­�å69ƒǋNʆĩ$+�}���]Ơ¯9�95 
: 1 min3$+� 
 
���¯a�y��

}���]Ŝ8ęƢNʖīȤſǬɀȨ8ɓƍk��w6ĺÒ$+�ſǬo�i�ſǬƠ¯8gl

pN$+Ŝ6ſǬNʆĩ$+�!8ƕ�dep8ſǬ�H�ep��]�ǧÍA28ƕʇ��Ƒ

­�Ȉ�1$A43ſǬxi��ȒďNɢ51�dep8ƥƳ�ɡ!.1$A4�!K9ʖīȤ

8ǛĹ6G.1Ǳǩ$+}�p�8ſǬȒďġ=8ŷƉ6GJE82�J3Ȫ51�J�­�8

Ǩǫ�H�ſǬ�ƑNA+�5�G4ǀũ$+�ſǬƠ¯9ëɲʖĒ: 50 keV, ��ǘʖǃ: 0.1 nA, 
{R��qaSf: 600 µm23$+�q�fʂ9qlpzlk�q�fƕʇ6GIɚƋ#K+�q

�fʂ9 3.3 µC/cm23$+� 
 
���8*07E$�

ſǬ8Ț£$+ęƢ9�lp}��pNǪ�1��]$+�}���]ĂƯ6ǋŏNįı#(J

+D6��] 30 minå69ƒǋNʆĩ$+��ep��]Ơ¯9�95
: 1 min3$+� 
 
	��A)*0�P�

ɱň8 SU-8�dep29�ep��]ǵŜ8ǧÍ9ťǕ5ǋŏĠñN´4+D�dep=8]�
l]8öč3#K1�J�ƝǼȇ6��1E�ep��]Ŝ 3 minȯǚØôNȻ.+�)8Ŝǧ
Í���eNȻ.+�100 mLy�Y�ʩ/6 SU-8 developer�ʨ/6��eǪ3$1Sh}�x
u��NĀ 30~40 mLǪũ$+�)K*K8y�Y�6ęƢNz�glp2ǆ$��ɐ8ʝǯ6Ā
1 minD/ƄŶ$+�ƘŜ6ȉȘ|��6GIęƢN¢ǝ$+� 
 

��T«278g�§�±3°R�

ºɂ$+ DCg�a8ŗǢǽɕ8+D6�g�aʞĘ8ƎʙN SEMɉķ$+�)8+D6�Sik
l}8èʆ6GJĺƿɤȌʙ8ʗÜ�ȻMK+�ſǬ#K+ĺƿɤ6ĕǵ5Ɛă6ęƢNèʆC

J!32ęƢȌɼ6xi��Ȍɼ�ʀ5JG46$+� 
 
���SEM ¡e�©jk3ru�

SEMɉķNȻ4å6�DCg�aȽʙ=ʃŀȸȮ�ŗŭ#K+�åɭ8G46 SU-8�dep9V
�[cƲȭ2�J�ɖʖ¸8ɉķ29ʖī8k��dQl}Nʉ�+D6Ƚʙ=8ʃŀŁ8ŗŭ

��Ȳǳ6ȻMKJ�Ɲƫɏ6��1Eexli��^6GJ]��8ŭȮNȻ.+�ŭȮƠ¯

9�1 min, 5 nm2�.+� 
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2.8 d³}� 

2.8.1 Qd³��3�u 

Ɲȑ29�ÐĮǌı6Ǫ�+Ĳʣȕ6/�1ɭ>J�Ðǎ�H8Ð9���NŻC!32ʤ#�

ɦNɚƋ$+�#H6 ND {R�i�2ÐʂNɚƋ$�ĸǠ��fNǪ�1owSe6ĺÒ$+�
ƫÜÐ9×;â8ĸǠ��fNɱ$1�CCDY��6G.1ƫÜ$+�A+owSe=8Ð8ĺ
Ò9�en�d8Ǹ�6ɑȨ#K+ CCDY��ù;ĸǠ��f6G.1ɉķCJ!36G.1Ȼ
.+(Fig. 2.11)� 
� ­�6ÐĮǌı6»Ǫ$+ɀȨ8ɔșNɘƓCJ� 
 
(LED��b�ʥ5mW, l= 635 nmʦ 
Ðǎ3$19ƿʄ 635 nm8 LEDɠȴ��b�N»Ǫ$+���b�Ś 1.1 mm�ǘÈÐ�Üé9
5 mW� 
 
)ND{R�i� 
��b�Ð9 ND{R�i�Nɱ$+�ºɂ$+ DCowSe9owSe"36³ƂƁĦ�ŠĨ
6ɸ.1�+�³ƂƁĦ8ƭȌ6·�E89�ND{R�i�2GIĢ�8ÐNYlp$�ƫÜȕ
8 CCDY��8ƫÜŪŏNɢ55�G46ɚƋNȻ.+� 
 

ĸǠ��fʥc^�Ðƴʦ 
��b�Ð9owSe=ĺÒCJå6ĸǠ��f6G.1ȞHK+�ÆǦ9 50Æ�ǙǗɣʔ9 4 
mm8ʄǙǗ8ǠN»Ǫ$+�ƫÜȕ69ÆǦ 20Æ�en�d�8¶ȨāM(ȕ69ÆǦ 20Æ
8ʄǙǗ��fN»Ǫ$+� 
 
�Ôɦen�dʥc^�Ðƴʦ 
owSeǪ8en�d�x�y�zɦ6ë51�Čɥ�k�p 2ɱI8Ɏ 6ɦen�d�en�da
Sf9 40 ʬʬ ʭ 40 ʬʬ2�J�
ĸǠ��f3en�d38ŊǉNÑƚCJ+D6�Q]��
ƢNëŃ$��#� NȻ.+� 

 
Fig. 2.11. ÐĮɉǌȕ�ń�9en�d3owSe=8ÐĺÒĐ� 
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�CCDY��ʥc^�Ðƴʦ 

200�ǬȘ�Ƙģ 60 fps28ƃŘ�ýȬ� 
 
2.8.2 ~hGF�278�cN35�./�C% 

Ĳʣ6G.1ŞHK+ǌıÇ�48ȅŏǧĲǳ5Ç2�J8�3�4!3NƊÇñCJ!39o

wSeɒ¾6��1ʘň6ʀɄ5ůʝ2�J�!8ƕ�°ũ8x���iNƘɹñCJ!36G

JǨɛŒ�o�=8{RlnR�^�$:$:Ǫ�HKJ� 
ǌıo�i8{RlnR�^69Ư�5ůƾ�ĭēCJ��ƧƝǳ5Q}��k9ęƝǳ6Ă

�2�J�C5M-�ǌıo�i�ȀC3¤Ũ#KJ��/�8x���iNĄO,ǨɛŒNɺ

ŵ$�ǌıo�i3ƘEāȰCJx���i8ÇNɎȐ6G.1ƻDJ3�4ůʝ2�J�Ĳʣ

o�i69ţDǌıȎ8V���ÒJ82�ǌıo�i�ǨɛŒ3İÓ6�ȰCJ3�4!39

AD5��!8+D�ǌıo�i8ǨɛŒ=8�Ȱ8ȅŏNɎȐ6G.1ƻDJ!3�ţɄ35

J�ƝǼȇ29ƘE�Ȳǳ6Ǫ�HK1�J{RlnR�^ůƾ2�JƘĻ¦ ƾNǪ�+ 29�

­�6ƘĻ¦ ƾ8{RlnR�^öǨ6/�1ɘƓCJ� 
�  (xi, yi), i= 1, 2, . . . , N2�HM#KJǌıo�i�NÅ�J3CJ�!KH8o�iNMÅ
8°ũx���i aj, j= 1, . . . , MNŸ/�o�6Ŗ19DJ� 

y(x)= y(x;a1 . . . aM) (58) 

!8ƕ)K*K8ǌıo�i8Ç yi9�o�8Ç6ĸ$1ǌıɗŅ�ĭēCJ9D2�J�)$

1ưǏÈŅ s 9C>18ǌıo�i6��1Ă�2�J3CJ�CJ3C>18ǌıo�i�H
8Ȫ5HKJ�o�8ɡ!I4JǽǦ P 9)K*K8ǌıo�i�HȪ5HKJ�o�Ç�ŞH
KJǽǦ8ȣĉ6ƹ¼CJ� 

P ∝ 	¢ {exp	[−12 (
?A − ?(>A)

£ )6]∆?}
§

A•;
 (59) 

­�8Œ(59)�ƘģÇN3JG45 aj �ƘEǌıÇ3�o�8ɗŅ8ļ5�ěā35J�Œ(58)
8ƘģÇ9)8Œ8ĸƊ8ƘģÇ�A+9ĸƊ8ɞ8Ç8ƘĻÇNƻDJ!33ĂȎ2�J�C

5M-� 

¶ß [?A − ?(>A)]6
2£6

§

A•;
® − ©™´¨∆? (60) 

!!2N, s, Dy9C>1�ı2�J�G.1�Œ(60)8ƘĻÇNƻDJ3�4!39�­�8Œ
6/�18ƘĻÇNƻDJ!33Ăȩ2�J� 

ß [?A − ?(x; a;	. . . Ø∞)]6
§

A•;
 (61) 

G.1�ƘĻ¦ ƾ29­�8Œ(61)�ƘĻ65JG45x���i8Ç aj NƻDJ!32ǌı
Ç8ǨɛŒ=8{RlnR�^NȻ.1�J� 
ƝǼȇ29�ǌı6G.1�HK+o�iNo�iɋƣ�^�{ºɂm��2�J Igor Pro 
(WaveMetrics, Oregon, America)NǪ�1{RlnR�^NȻ.1�J 28�Ɲh{pTUQ29

{RlnR�^ƾ3$1YS¦ ƫı�Ǫ�HK1�J�$�$�)K*K8o�i�S�p2

8ưǏÈŅ s NÒé$5�ěā9ƘĻ¦ ƾ28ɎȐ��!5MKJ�Ƙà6ɭ>+G46�Ɲ
Ǽȇ29C>18o�iglp6/�1ȝā��qǨɛŒ6ĸCJƘĻ¦ ƾ6GJ{RlnR

�^NȻ.+�A+�{RlnR�^GI�)K*K8ǌıĸɝ8ȝāʄ8ɎȐNȻ.+� 
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2.8.3 SU-8 DC �±33!-CM² 

ƝǼȇ29�ep�}pQyd�8ǌı8+D6�SU-8 ĺƿɤȽʙ=yXk�NÄʢ$+�
Zhang H8Ȼ.+�SU-8 3Q�uñ PDMS 8ǜĒǹ6GJúŤNøȪ6$+ 30�Fig. 2.12 6Ȁ$
+G46�PDMS =8ȉȘ}�f�6GIQ�uñ#K+ PDMS 3 SU-8 Ƚʙ8BúŤ8V�[
cę�ǜ3Ēé6GIúŤ$1�J�ƝǼȇ29Q�uñ DNA �G;yXk�ñ DNA NǪũ$�
SU-8 Ƚʙ8V�[cę3úŤ#(+�úŤ9ǜĒǹ295��GIȓ¿5Ɛƾ3$1ĝɿ8}�
p�NɌĪ3$+úŤNɓB+� 

 
2.9 ��1�e 

2.9.1 SU-8 g�§3|±¡e 

Fig. 2.139 SU-8 DC8èʆƎʙ8 SEMÍ2�J�ĺƿɤ9ʤ# 687 nm�ŉ 616 nm�\�l}ɣ
ʔ 288 nm�.+�A+�ĺƿɤÉʙ8n�x�Ɋ9?@ 0 ŏ2�I�ʘň6ʤ�ĕǵŦNĲǧ$
+�ºɂ#K+ SU-8 DC g�a9�ɑɎÇ�H8ɗŅ� 4 %­�3�ʘň6ɬ�ÇNĲǧ2�+�
Fig. 2.13(a)8Ǝʙ SEM Í29 SU-8ĺƿɤ8Éʙ�G;Ƚʙ8ŋǒŦEǽɕ2�J�SU-8 ĺƿɤ
8Ƚʙ9?@ǡ6ǴȊ.+ÛÚ95���Éʙ69ćƛǳ6ƿŰ.1�JG46Ɇ5J�!K9�

SU-8 {Wp�dep�ÎơʖīȤ�h^�{R�Ǫ8�dep295��UV �h^�{R�Ǫ
6ºHK+E82�J!3�ɡč$1�J�SU-8 9ʖīȤ6ĸ$1ʘň6ʤŪŏ2�J+D�Š
ʂ8ʖīȤ2EƥƳúŤ�ɡ!.1$A4�ĂƯ8Ȯõ2�K:¬Ƚǳ5ʖīȤǪ�dep2�

J ZE520AP9q�fʂ 100 - 200 µC/cm2ȅŏ2xi���ýȬ2�J�$�$�ƝǼȇ29 SU-8
ĺƿɤ8xi��6 3.3 µC/cm28q�fʂN»Ǫ$+�DCxi��6��1 3.3 µC/cm22E\�

l}ɼÝ6��19X�w�q�f35I�\�l}ɣʔ�ɑɎGIEǤ�5.1�J!3�M

�J�úĸ6ĺƿɤġÉ29Q�j�q�f35I�)8ȝƤƥƳúŤ��ɼ×İÓ35.1$

A.+ȝƤ�Ƚʙ6ÛÚ�2�1�J�Ð8ĺƿɤ�28³Ƃ6��1�ÛÚ�ƿʄ8 20 Ý8 1
Nɢ5J3�ÐƉ¡Nɡ!$�³ƂƁĦ6/5�J�SEMÍNǽɕCJ3�ÛÚ9 10 nm åŜ2
�J!3�M�J�ƝǼȇ29Ðǎ3$1ƿʄ 635 nm 8��b�NǪ��ľŴǦ 1.6 8 SU-8 N
ĺƿɤƞƍ3$1�J�G.1�ĺƿɤ�N³ƂCJÐ8ƿʄ9 400 nm 2�J�SEM ÍGIǽ

ɕ2�JÛÚ9 20 nm ­�2�J+D�³ƂƁĦ9ɡ!H5�3áƎ$+�A+�\�l}ɣʔ
N 300 nm­�3CJ3�ĺƿɤġÉ�Q�j�q�f2ƥƳ#KDxi���ŗŭ2�5�.+
+D�\�l}ɣʔN!8Ç6ɑı$+� 
 
2.9.2 �I'C6@2f.8 DC +C'3t�¤K 

 
 

Fig. 2.12. SU-8Ƚʙ8ñĮÄʢƐƾ�V�[cę3Q�uę8ǜĒǹ6GJúŤ 30� 
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ºɂ$+ DCg�a8Ƚʙ6�ŉ 600 nm�ʤ# 200 µm8ŠĻǃɤNȝā$+�DCg�a�G;
ǃɤƮɳ8ŦȬNǽɕCJ+D6�ƺ�G;Viu��NɮǇ$�ǌıNȻ5.+�ɮǇcen

�6/�19�ȍ 3ȋ2ɔș6ɭ>J�ƺN 20 µl/min2ǃ$�ƫÜÐ8ǌıNʆĩ$+�ǌıʆ
ĩ 100 sŜ6Viu��N 20 µl/min2ɮǇ$�c^°��įıCJA2ś.+�ǌıʆĩ 160 sŜ
6×;ƺ8ɮǇ6ÞIƗ5+�Fig. 2.14 6ǌıȝƤNȀC�^�{GI�Viu��ĺÒå9
0.22 2�ı2�.+c^°�ƹ�Viu��ĺÒ6GI 0.63 A2ğë$1�J!3�M�J�)
$1�×;ƺ6ŮC!32c^°�ƹEǊļ$1�J�!8!3�H�SU-8 ĺƿɤ�ćɪ8ľŴ
ǦĠñNǌı$1�J!3�M�J�$�$�Viu���H×;ƺ6Ů$+ƕ�c^°�ƹ9

0.30 A2$�Ů.1�5��SU-8 DC g�aN¢ǝ#(�×;ĂƯ8ǌıNȻ43c^°�ƹ9
Î6ŮJ�!K9�Viu��� SU-8 Öɼ6ǆɯ$+!36GJ�SU-8 9����2�I�Ö
ɼ6Ǉ¸Nǆɯ#(J�)8Ý SU-8 DC g�a8ȝāʄ�Ġñ$++D�c^°�ƹ�Î6ŮH
5�.+3Ȫ5HKJ�ǌıo�iN{RlnR�^6GIȝā��qǨɛŒʥ56ʦ6Ŗ19D
+3!L�ǌıÇ8ƺ�G;Viu��28ȝāʄ9 51, 53 µm2�.+�c����c��Ç8
49, 51 µm3ƹɨ$1�ɗŅ9 4 %2�I�ȳ��ȰNȀ$+� 
 
2.9.3 3!-CD*0A60�3)CWs9����c 

SU-8 DCg�aNǪ�+i�x]ɟ8ǌıNȻ5.+�yXk�Äʢ DCg�a= PBSʥpH 7.4ʦ
N 20 µl/min2ǃ$+�ȡ�1 1 µMep�}pQyd�ǑǇN 20 µl/min2ǃ$+�Fig. 2.15(a)6
ep�}pQyd�8ƫÜȝƤNȀC�^�{GI�ep�}pQyd�ĺÒ6GIc^°�ƹ

�ģ��Ġñ$1�J!3�M�J�A+�ȝā��qǨɛŒʥ56ʦNǪ�1ǌı$+c^°�
ƹNȝāʄ6Ġƀ$+�ƺ28ȝāʄ�H8ȝāʄĠñʂN Fig. 2.15(b)6}�lp$+�ǌı8
ȝƤ�ep�}pQyd�8ĺÒ6G.1�ȝāʄ� 0.94 µm Ġñ$+!3�M�.+�ĂƯ8
ǌıN 4ČȻ��ưǏÈŅ8 3ÆGIƫÜʋǭNƻD+ȝƤ�24.9 µg/mlʥ374 nMʦ2�.+�Ɲ
Ǽȇĳ8ģ�Â�Ȼ5.+ SiN ĺƿɤ�H5J DC g�a28ep�}pQyd�ǌı29�ƫ
Üʋǭ9 6.9 µg/ml2�.+ 31�!K6ĸ$�GIºɂ}�ge�ȓ¿�/į¾6ºɂ2�J SU-8 
DC g�aNǪ�1ƫÜŪŏ8·�N�Ʃ­Ö6ų5J!3�2�+�ĂƯ8ǌıNep�}pQ
yd�ǖŏ 0.1, 0.25, 0.5 µM2Ȼ5.+ƫʂȤN Fig. 2.166ȀC�ʖǾǭc����c��2Ȁ$
+ɱI�ȽʙąǹǠɟ8ǖŏ3ȝāʄ69ȤŗŦ��I�ıʂ�ýȬ2�J!3�Ȁ#K+� 
 
2.10 516 

SU-8 DC g�a8ęƝǡŦ�ľŴǦĠñ6ĸCJŤȏ�owSe8ɑɎ�ºŭ�ɒ¾6/�1ɭ
>+�FD-BOM�FEM ƾ6GI SU-8 ĺƿɤ8ó���qƠ¯�\�l}ɣʔ�G;ćɪȽʙľ
ŴǦ3ȝāʄ8ʈÀNƻD�GIǤ�\�l}�GIģ�5ćɪľŴǦ6��1ȝāʄ�ǻ�5

J!3NȀ$+�A+�ćɪľŴǦ3ȝāʄ6ȤŗŦ��J!3NȀ$+�DC kl}3ŠĻǃɤ
NțBāM(�ƺ�G;Viu��NǃC!32�ćɪľŴǦ8ƕʇĠñ6ĸ$1 DC g�a�
ŤȏNCJ!3Nǽɕ$+�DC g�aȽʙ6yXk�NÄʢ$�ǰ5Jǖŏ8ep�}pQyd
�Nǌı$�ʄ# 560 µm8 DCg�a2ƫÜʋǭ 24.9 µg/mlNĲǧ$+� 
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Fig. 2.13. SU-8 DC8 (a) Ǝʙ�G; (b) ŋʙ SEMÍ� 
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Fig. 2.14 ŠĻǃɤ=8ƺ�G;Viu��ɮǇ6GJc^°�Ġñ� 
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Fig. 2.15 (a) DCg�a28 1 µM ep�}pQyd�ǑǇ8c^°�ƹ8ǌı�  (b) ȝā��
qǨɛNǪ�+ȝāʄĠñʂ8ɎȐȝƤ� 
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Fig. 2.16 DCg�a28ep�}pQyd�8ƫʂȤ� 
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3.1 ���
 

ȝ˕Ț"(	SU-8 t�u�=ƝƇ#�� DC V�P=¤ə�	hAFV�P#�!'ċƜŗȾ=
ȍ����:&68	DC V�P'hAFV�P#�!'Ŕǲ&68V�P'įĉÞ#��˄"ę
�%Ïǟ=Ɩ�9�#=ɩƌ����
�ȝ˔Ț"ɢ:�6�&	§Ǣ#�!hAFV�P'Á

ʒ'ɱˉ"�9	ÊĠɴÎȪĠ"�9ǰ£ǳƟ'ũ£&ɽÿ�9ƶǟ=¾Ɨ"�!�%���%

<�	ũ£(ƝƇ#�!˃Ļ&ˑ¨"�8	ÞģǾ�ǧǭǾ&ȿŅ"�9�0�	ȹ8ʊ�ǕĦ

�"�%����"ƜȇȖ"(	68Ĥ¨
�ȹ8ʊ�ǕĦ�ìȾ%ņł=ű��ÊĠʪĉt�

u�˒MIP˓#÷):9ƉɝƝƇ=ÊĠɴÎȪĠ#�! DCV�P&ǲ�9�#=ƫɥ���ȝ˔
Ț"ʋ-�6�& MIP (t�u�ƝƇ
7%9ÊĠɴÎȪĠ"�8	¤ə�˃Ļ&Ȥ©�Ĥ¨	
ÞģǾ�ǧǭǾ&˃Ļ&ĤĦ"�9�3&	�ʋ'hAFV�P'ɱˉ=ɡǀ"�9� 
� ƜȚ"( DC V�P=ǲ��ȹ8ʊ�ǕĦ'ħǬ=ǿŲ��3&	ȝ˕Ț"¥ǲ�� SU-8t�
u�Įǅʁ"(%
	68ņł'ˑ� SiN Įǅʁ
7Ʈš�:9 DC V�P=ǲ���Fig. 3.1 (
MIP®ˍ SiN DCV�Pç*őįǊʁƮʔ=ȍ��ƜȚ"(ȝ˕Ț"ɒ��kF\�®ˍ'�<8
& MIP=V�PˈĊ&®ˍ�	őįǊʁƮʔ=�'�&ňš�����"(	ƫÉŞł' MIPɁ
ä§Ģŗ	ǕĦĬɵZ�iKɺ&Ĭ�9ʞŬŗ	ƫÉʶǶ	ȹ8ʊ�ǕĦ&��!ʋ-9� 
 
3.2 MIPG� DC(MIP-DC)%=!�hH��
���� 

Ɯȡ"(	MIP®ˍDCV�P'ɧɤ&ʺ��#Rv|��R}�&69V�PƮʔɧɤ	6*Ǩ
ŗɪ¨&ʳ�!ʋ-9�Ɯȡ'Rv|��R}�ɤȠ(ȥĄ' Synopsis 'ɷĕ�!�9ˀȌǶÊ
ĹɡƢXmaBC? RSoft =ǲ���Rsoft Ã&�9ɚƄ'Xma'Ã	BPM ɤȠǲXma

BeamPROP	FDTDɤȠǲXma FullWAVE	3Dy`�ǲXmaRSoft CAD=ǲ�!ħɒ�:�� 

 
3.2.1 DC%=!��)*�0nC 

ȝ˕Ț"4ȍ��6�&	ǅʯ 635 nm &	�!Įǅʁ� DC V�P#�!'ƵȾ=ȍ�&(	Į
ǅʁ=á�y�b'1� Ž�96�&ɧɤ�9œɛ��9�DCV�P&¥ǲ�9 Siċơ( SiN
ɏɁ(ä� 300 nm	ıŪǫ 2.01	�ʟK~]b' SiO2ĳ(ä� 1.0 µm	ıŪǫ 1.46"�8	šɁ
o�aN���'Ėƒ(Āʾ"�9��:7'i~x�Z�=ăĦ�	ċŁ TE y�b˒TE0˓'
1� Ž�9Įǅʁļ=ƿ39� 

SiNĮǅʁ'ɤȠy`�= Fig. 3.2(a)&ȍ��Įǅʁ( SiN=ƝƇ#�	ˑ� 0.3 µm˒hwg 	˓À

 
 

Fig. 3.1 őįǊʁRT_w#Ȯð��ȘÞR�N�ƊòŗȮðü˒SiN DC˓'ƲŃĂ� 



  ȝ 3Ț 

 46 

ʯ 150 µm˒L˓#����ʟK~]b#�! SiO2ĳ	�'�& Siĳ=�:�:ä� 1.0 µm��ʡ
Ⱥ����ʟK~]b(ȗƽ	ƾ	őįǊʁƮʔ'ƝƇ"�9 PDMS �ĢĆ�9čð=�:�:
ɤȠ���Įǅʁ	K~]b'ä1Ɗò= xʃ&	½' ŽƊò= zʃ&ê���ɤȠ&	�9ı
Ūǫ( SiN	SiO2	Si	ȗƽ	ƾ	PDMS &	�!	�:�: 2.01	1.46	1.00	1.33	3.91	1.40
#���Įǅʁț˄˒z = 0˓&Įǅʁ#ñƯ'īǃ'½'¿ĭm@��b=ɧȺ���V�PA
U( 10 nm ´ 10 nm ´ 20 nm˒x, y, z 	˓ɤȠˈĊ( 3 µm ´ 2 µm ´ 150 µm#���Įǅʁļ wwg = 0-
800 nm'ʲ" 21ʒ8ĖÞ��	FD-BPMǃ=ǲ�! TE0	TE1y�b'Ȟ¨ıŪǫ=ɤȠ���
%		ƜȚ"ɒ��ɤȠ(À!�ɦ'V�PAUç*ıŪǫ"ɒ%�!�9�ɤȠ&6�!Ŏ7

:� SiNĮǅʁ= Ž�9 TE0y�b'ˀčÊĹ'ƈ˄Ă= Fig. 3.2(b)&ȍ���ʟK~]b"�
9ƾ#�ʟK~]b"�9 SiO2ĳ,'½'Ʀ1É�ʀʽ(�:�: 150 nm, 140 nm"�����
:68	�ʟK~]b' SiO2Ɂä( 1.0 µm"ßÊ"�8	Siĳ,'½De�J�'ǊÉ(ɽ�7
%��#�ȍ�:��ǹ%9Įǅʁļ wwg	6*K~]bıŪǫ nclad &Ĭ�9 SiNĮǅʁ'Ȟ¨ı
ŪǫÊƃƑȵ= Fig. 3.3 &ȍ��ïy�b'ÊƃƑȵ#	Ɣ4ıŪǫ'ˑ�K~]bƝƇ"�9
SiO2'ıŪǫ 1.46 #'�ǟ��:�:'y�b'G]aFmƞ�=ɕ��K~]bƝɺ� PDMS	
ƾ	ȗƽ"'G]aFmƞ�(�:�: 340 nm, 420 nm, 490 nm"�9�#�ÊƃƑȵ
7ɰ1ê
:9�Ę
'čð	ǕĦ(ǎ£Þ"ɒ<:	�'ıŪǫ(ƾ'�:=ę�
ɾ�9�#(%��

����!	á�y�b#%9'( wwg = 420 nm ��#%9#�"�9�#�ȍ�:��ƜȇȖ
"(Įǅʁļ= 400 nm#��� 
 
3.2.2 DC��7)2��	�S� 

ȝ˕Ț#ñƯ& DC ʲJz]oʀʽ#Ȯðʯ'ʳª= FEM ǃ&6�!ƿ3��ɤȠy`�#�!	
SiNĮǅʁļ 400 nm	ˑ� 300 nm	Jz]oʀʽ g' DC=ǲ���0�	�ʟK~]b(ƾ	
�ʟK~]b(ä� 1.0 µm' SiO2#���ɤȠˈĊ'ÒǑ'�3	Siĳ(ȂǷ���ǦƊ'Įǅ
ʁț˄˒z = 0˓&Įǅʁ#ñƯ'īǃ'½'¿ĭm@��b=ɧȺ�	ǅʯ 635 nm'½=¿ĭ�
���:�:'Jz]oʀʽ g "'Ȯðȧ'ăƖy�b"�9µ�ĝy�b' TE	TM šÊ=ɤ
Ƞ����:7'ăƖy�b'ʑʘıŪǫ=ǲ�9#Ȯðʯ Lc(ƷŃ˘ 
 

!" = 	
%&

2()eff,	even − )eff,	odd2
	 (1)  

 
"ɕ�:9���"	l0(ȃȗ�"' Ž½'ǅʯ˒��"( 635 nm˓=ɕ�� 
ïăƖy�b'Ȟ¨ıŪǫ&Ĭ�9Jz]oʀʽ§Ģŗ= Fig. 3.4 (a)&ȍ���L~m68	J

z]oʀʽ g �ʯ�.$	TE	TM �:�:'µ�ĝy�b'ʑʘıŪǫ'ķ�į�
%�!�

9�#�<
9��'ȮƤ#Ń(1)68Jz]oʀʽ�ę��.$Ȯðʯ Lc�ȅ
%9�#�<

9�0�	��&(ʆ�!�%��	Jz]oʀʽ g � 50 nm ��'Ə	Jz]o�ě	6*ï
Įǅʁ�Œ'ɤ 3 ǟ&ˀȌčl�K=ű�Î'ăƖy�b�Ûɽ�9�#�ɤȠ68Ê
���
�:(T�]aĮǅʁ#÷):	2 Ɯ'Įǅʁ��Ɯ'Įǅʁ#�!ƵȾ�9�TE 	6* TM '
µ�ĝy�b
7Į�É�:9Ȯðʯ Lc'Jz]oʀʽ g §Ģŗ= Fig. 3.4(b)&ȍ��L~m6
8	Ȯðʯ Lc(Jz]oʀʽ g = 60, 78, 96, 114, 132, 150, 168, 186, 204, 222, 240 ˒nm˓'Ȣā&	
�!ŲƄʳƄǾ%§Ģ=ȍ��#�<
9�TE	TM y�bÁ&Jz]oʀʽ�ȅ�.$Ȯðʯ

�ȅ
%9��:(	Įǅʁʲ'ʀʽ�ʉ
%9.$Ę
'Dhe]V�ač�Ðʙ"�	½'

ȁ�¤ǲ�ɽ�85�
%9�3"�9�¤ə�9 DC'ɧɤīǃ�ļ 400 nm	ˑ� 300 nm	J
z]oʀʽ 150 nm'čð	TE	6* TM'Ȯðʯ( 27.2, 21.0 µm"�9�ɤȠ68	TM' Ž
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½ņł( TE'4'' 5 %ȓł�
%
���3	ħʺ'ǕĦ"(Ǡɞ"�9�#�<
���DC
V�P&	�!Ȯðʯ�ȅ�.$V�PˈĊɕ˄'ıŪǫĖÞ&Ĭ�9RLc�Ŕȟ�ę�
%

9��'�3	68Ǫ�Jz]oʀʽ"'ɧɤ�Ƙ0:9��
�	Jz]oʀʽ�ȅ
%9.

$`hAT¤ə'ʾƍł���9�ƜȇȖ"ǲ��¤əo�VT"(Jz]oʀʽ 100 nm��'
Ʈʔ=¤ə�9�#�Āʾ"�9�6�!	SiN DCV�P'Jz]oʀʽ= 150 nm&ɧĦ���
Jz]oʀʽ=Ǫ
�9�#"	ǕĦǘǎ�Jz]oʟÊ&Ǎʑ�&

%9�#&68ǕĦ&

ƀʻ�É9ìȾŗ�Ȼ�7:9�ȝ 2Ț"¤ə�� SU-8 DC(Jz]oʀʽ 300 nm"�8	�þ
(�'àÊ'ʀʽ=ŷǲ���ħǕ±#ɤȠ±=Ƽʅ�9�#"	68Ǫ�Jz]oʀʽ=ŷǲ

���#'ŉˆ=ȻĪ��� 
 
3.2.3 MIPG� DC%=!� MIP�O tad>\f{ nadFWc 

DC V�P,®ˍ�9 MIP 'Ɂä tad	6*ıŪǫ nad#Ȯðʯ'ʳª= FEM ǃ&6�!ƿ3��
Fig. 3.5(a)&MIP®ˍ DC#ĬɵZ�iKɺ�ôȄ��y`�=ȍ��SiNĮǅʁɕ˄'MIPɁä
tad = 0, 2.5, 5, 7.5, 10, 12.5, 15 nm	ıŪǫ= 1.45#���0�	ǕĦĬɵZ�iKɺ�ôȄ��Ə&
Ɂä� 5 nmēę�9#�Ħ���Fig. 3.5(b)&µ�ĝy�b'ˀčĩłÊĹ=ȍ��ĮǅʁŞ'J
z]oˈĊ&	�!ņ�ˀč'ʼ��ɽ��!�9�#�<
9� 

MIPɁä=ĖÞ���Ə' TE	TM'µ�ĝy�b= Fig. 3.6(a)&ȍ��Fig. 3.4(a)'Jz]oʀ
ʽ g = 150 nm"'ɤȠȮƤ68	�:�:'y�b(ƖÜıŪǫ�ę��4'
7 TE' neff,even	

neff,odd	TM' neff,even	neff,odd"�9�#�<
9�À!'y�b"MIPɁä�ä
%9.$ƖÜı
Ūǫ�ę�
%�!�9�#�<
9��:( MIP ɏɁ'Ê��ĮǅʁPAU�ę�
%8	½
'ʰ�ʈ3�ņ0���#=ȍ��0�	ñƯ'ɤȠ=�:�:'Ɂä'MIPɕ˄&ä� 5 nm'
Z�iKɺĳ�ôȄ��čð"ɒ�	�:&69 TE 'ȮðʯĖÞʧ=Ń(1)68ɤȠ��ȮƤ=
Fig. 3.6(b)&ȍ��MIP Ɂä�ä�.$	ȮðʯĖÞʧ�Ǒİ�!�9�#�<
9��:(Įǅ
ʁ�' Ž½'Dhe]V�aǅ(ŲƄʳƄǾ&Ǒİ�!�9�3"�9�ĮǅʁV�P#ÊĠ

ɭɴȪĠ'ʀʽ�ʉ�.$V�PŞł(ò��9�#�ɤȠ68ȍ�:��ƜȇȖ&	�! MIP
'ʪĉÊĠ#�!ʞŬ��jaɑǐ?�nv�˒HSA˓'Àʯ( 6-7 nm "�9�����!	
MIP Ɂä( 7 nm #�9�HSA Àʯ684 MIP Ɂä�ɏ
%�!�0�#	MIP ɕ˄&ôȄġ�
ňš�:%�� 
Z�iKɺĳ'ıŪǫ(�'ĩł&6�!ĖÞ�9�ˑǝł'Z�iKɺǘǎ=ǕĦ�9#	

MIP,ôȄ�9Z�iKɺĩł�ēę�	68ˑ�ıŪǫ nad#%9�6�!	nad#Ȯðʯ'ʳª

�ʥɛ#%9�SiNĮǅʁɕ˄'MIPɏɁ&ôȄ�9Z�iKɺĳ'ıŪǫ= nad = 1.4
7 1.50
" 11ʒ8ĖÞ��	Z�iKɺĳ'ƖǠ&69ȮðʯĖÞʧ=ɤȠ���Fig. 3.7&Z�iKɺĳ
'ıŪǫ nad#Ȯðʯ'ʳª=ȍ��Z�iKɺĳ'ıŪǫ�ę��.$	Ȯðʯ�ȅ
%�!�

9�#�<
9���'ȮƤ68	Z�iKɺǝł'ĦʧǕĦ�ìȾ"�9�#�ȍ�:�� 
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Fig. 3.2 (a)á�y�bƞ�É�&ǲ��ɤȠy`��  (b) SiN Įǅʁƈ˄'ˀčĩł

˒3456 + 486 + 496 )ÊĹ�SiO2ĳ,'ʉŸčšÊ'Ʀ1É�( 140 nm"�9� 
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Fig. 3.3 SiNĮǅʁ&	�9Įǅʁļ(wwg, Width)#�ĳK~]bƝɺ&Ĭ�9Ȟ¨ıŪǫ'Êƃ
Ƒȵ��ĳK~]b"�9ʤÞR�N�'ıŪǫ˒n = 1.46˓�G]aFmƞ�"�8	ƖÜı
Ūǫ��:��"�9y�b� Žy�b#%9� 
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Fig. 3.4 (a) ǹ%9Jz]oʀʽ˒g, GAP˓	6*ļ 400 nm' SiNĮǅʁ
7%9 DC'ïăƖ
y�b'Ȟ¨ıŪǫ� (b) TE	TM' SiN DC'Jz]oʲʀʽ#Ȯðʯ'ʳª � 
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Fig. 3.5 (a)MIPɁä	6*ıŪǫ#Ȯðʯ'ʳª=ƿ39'&ǲ��ɤȠy`�� (b) SiNĮǅ

ʁƈ˄'µ�ĝy�b'ˀčĩł˒3456 + 486 + 496 )ÊĹ� 
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Fig. 3.6 (a) ǹ%9 MIPɁä"' DC'ïăƖy�b'Ȟ¨ıŪǫ� (b) MIPɁä#Ȯðʯ'ʳ
ª � 

 
 

Fig. 3.7 ǹ%9MIPıŪǫ#Ȯðʯ'ʳª � 
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3.3 DC%=!�E� 

Ɯȡ"( SiN DC V�P'¤əƊǃ&��!ʋ-9�SiN DC V�P(R�N�p�T'uAK�
Úĵŧɓ=ǲ�!ňš�:��\]oÃ'½Įǅʁ�A?Ba	ïo�VT	¤əo�VTɬȫ

'ˇ&ɯƌ�9�Fig. 3.8( DC'¤əo�VTm��=ȍ�� 
 
3.3.1� SiNDC()2�;���* 

R�N�BC�& SiNĮǅʁ
7%9 DCV�P=ňš���SiNĮǅʁ'�&(�ʟK~]b#
�! SiN684ıŪǫ'¢� SiO2ĳ=ňš����Ǹ�' Siĳ(Ɣ4ıŪǫ�ˑ
	SiO2ĳ( 

Ž½� Siĳ,Ǜǈ�9�#&69 ŽżĜ=ʴ�ŊÖ=ű��ȸƳ 22 nm × 10 nm' DCV�P\
]oÃ&(ļ 400 nm	ˑ� 300 nm	Jz]oʀʽ 150 nm
7%9 DCV�P= 20¯ʡȺ���
¤ə�� DCV�P'V�P'Àʯ L( 113 µm#���V�PˈĊ'ÓŌ&( 2Ɯ��¿ĭǲ	
6*Éĭ½ǲĮǅʁ=Ÿȱ���\]o�ț
7 3 mm '¡Ⱥ&Įǅʁ&Ĭ�!ĈȀƊò&ļ 1 
µm 'T�]aƮʔ= 3 Ɯ��ňš���DC Įǅʁ�ė'D�?&ĢĆ�9ɏɁ4ɏɁĮǅʁ#
�!ƵȾ�9�ɏɁĮǅʁ(ļ 22 mm"�8	DCĮǅʁ#Ƽʅ�!˃Ļ&ņ�ņł'½�ʌ½#
�!ƫÉ�:!�0��T�]aƮʔ(ɏɁĮǅʁ=īƈ�	 Ž½=ʜƈ�9� 
 
3.3.2 SiN��-'?=`e2<%$ 

(A) SiO2A]�8)+��`e 

Ȁŋ 2 inch	ä� 280 µm'R�N�BCgɕ˄&�ʟK~]b' SiO2ĳ=šɁ���šɁ&(Ǥ

ʤÞǞ˒Ơ�D�Ka��	370-MI-MINI˓=¥ǲ���ƊòŗȮðü#T�]aƮʔ'ňš�:
� SiNĳ'�&ňš�:9 SiO2ĳ(	N?"�9Įǅʁ= Ž�9½� Siĳ,Ǜǈ�%��3&
ßÊ%ä��œɛ"�9�ƜȇȖ"( 1000˚C"ǤʤÞ&68 1 µm' SiO2ĳ= 1 µmšɁ���Ǥ
ʤÞ&69šɁ(Ɂɕ˄'ĽǙŗ�ˑ�	ĩł'ˑ�#��Ïǟ
7Įǅʁ'�ʟK~]bšɁ

Ɗǃ#�!Ɣ46
ǲ�7:!�9��
�	�'ťǃ#Ƽʅ�!šɁƏʲ�ʯ�#��ƶǟ�

�9�ęʧǰǱ=ɒ�čð(	ˑąʤÞ˒HIPOX ǃ˓5 PECVD ǃ��Ɠǃ#�!ǲ�7:9�
hAFV�P#�!'Įǅʁ=ňš�9�"	ƹ&ĺˀ��?�G�AF�ʨĲAF�˒Na+	K+

%$˓�¢ǔ" SiO2 ĳ,Ůƃ�9ǟ&ǆŝ�9œɛ��9��'ʨĲAF�'Ůƃ&6�!	¢

ıŪǫķ'Įǅʁ'ňš�ìȾ"�9�	h]m>�&ďǝł'ˑ�4'=ǲ�9#	�ʟK~

]b"�9 SiO2ĳ'ıŪǫ�ĖÞ�ɧɤ#'U��ǰ�!�0��3Ƙ0�
%�
2� 

 
(B) SiN ���`e 

SiO2ĳ'�&N?ƝƇ"�9 SiNĳ= LPCVD ǃ&68ä� 300 nm šɁ���šɁ( LPCVDǲ
'ĈȀ\z�h�˒Ơ�D�Ka��˓Ã"ɒ���SK��R~� SiH2Cl2= Óˎ£#�	?�
yd? NH3#'ǏðHT= 1000˚C "\z�h�Ã"èŔ��!ňš���LPCVD ǃ&68šɁ
�:� SiN Ɂ(ƾȪóƖǫ�¢
	ɁTa�T�¢�#��ʯŤ=ű� 3�ĮǅʁƝƇ#�!'

SiN(ǰ£ʳʕǧɺ&ó0:9ca�Bw5ƾ%$=ʑʘ��%��3	ĤĦ��ƝƇ"�9#ɣ
�9�SiN ( SiO2 #Ƽʅ�!ˑ�ıŪǫ=ű���'�3½'ʰ�ʈ3�ņ
	Įǅʁ5½ȪĠ

ñĔ'ʀʽ=į�
�9�#�"�	őį%`hATƮȣ�ìȾ#%9�0�	N?ƝƇ"�9

SiN ĳ(	?�G�ʨĲAF�%$' SiO2 ĳ,'Ůƃ=ʴ��#4"�	K~]bĳ'ıŪǫĖ

Þ=ʴƸ�9� 
 
(C) $-)'9=� 
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b~AD]\�Lǲ'uTKiZ��(˔ĳǿ&?�vdBw	˕ĳǿ&ˀĠȵ�XL~m@�

˒Electron beam lithography˓ǲ'�STa=ǲ���Ti]Z��LɗȺ˒CSF-4EP-LL, ɊǌxG
a�dKT˓" 40 nmä' Alĳ=šɁ���Alĳ= Siċơ,šɁ�9Ó&	Al'Ti]Z��
a=ƿ3��10 mm  × 10 mm'őį% Siċơ'àÊ=Goa�_�o"ɜ�	uTK#�!Ti
]Z�9�#" Alĳ'ĒǶ=ňš�	Ti]ZŌ'ƻķ=ŸɢŃɕ˄ƻķʄɤ"ɤǕ�9�#&
68ȠÉ���Fig. 3.9(a)&ȍ��6�&	Al'Ti]Z��a( 15.2 nm/min"���� 
 

(D) �V�9&�80�? 

Al =b~AD]\�L�9�3' 2 ĳǿ'uTKiZ��(ˀĠȵ�XL~m@�&6�!ňš
���Al ĳ'�&ňš��ä� 400 nm 'ˀĠȵ�STa˒gL-2000-14, L��F�~s˓=ˀĠ
ȵŹǵɗȺ˒ELS-F125	Ơ�D�Ka��˓"Úʓˀą 125 kV"ˁ½	Ǭ¸���¥ǲ��ˀĠ
ȵŹǵ�STa gL-2000-14 (ǬĆ�ɇǾ&ǲ�7:!�9ˀĠȵŹǵǲ�STa ZEP520A˒ƋƜ
WF�˓'�Ɠù#�!L��F�Ȏ
7ɷĕ�:!���Ǩʯ#�!ˑ�ɡ¸ł#b~AD]

\�Lȼŗ�ų�7:9˃Þģēļĉ'�STa"�9�2018ľ 2ƕǬĆ	gL-2000(ɷĕ³Ƹ#
%�!�9�MEM/ICþʁɧɤǲXma Layout Editor˒Juspertor GmbH˓=¥ǲ�!ˀĠȵŹǵǲ
'uTK`�Z=¤š���m>A�ňŃ(ƱǗǾ% Drawing Exchange Format˒dxf˓CADm>A
�=ŷǲ���ˀĠȵŹǵɗȺ˒ELS-F125˓&(Źǵm>A�=ê8Ŧ�PC�ÃɎ�:!�9�
dxf m>A�=ˀĠȵŹǵǲ' CAD Xma WECAS =ǲ�!�ł CELL m>A�&ĖŻ�9�ȱ
�!	ˁ½Əʲ%$'Źǵi~x�Z�#ŹǵiZ��śČ'Ãɂ�:� CONDITION m>A�
,#ÅłĖŻ�9�Źǵ¡Ⱥ	ˁ½Əʲ%$= SCHEDULE m>A�&ŲĦ�	CONDITION m>
A�`�Z#ZL���9�SCHEDULEm>A�=º&ˀĠȵŹǵ(ħɒ�:9� 
 
(E) +8��)(=� 

ȝ 1ĳǿ' AluTK	6*N?ƝƇ' SiNĳ,'iZ��'ʂÆ(	�ɕǾ%b~AD]\�L
ťǃ"�9èŔŗAF�D]\�L˒Reactive ion etching: RIE˓=ǲ���őȫÚĵ'ċƜŧɓ"
�9D]\�L&(ę�
Ê�!BC]aD]\�L#b~AD]\�L��9�BC]aD]

\�L(ǘǎ�"ɒ��3èŔʓł(ʓ��	?�[�G]a�ę���3	ˑ�Ȧł�ɛƿ�

:9őȫ%iZ��'ňš&(ò�!�%��b~AD]\�L(èŔŗHT=ǲ�9�3èŔ

ʓł(ʗ��	?�[�G]a�ɽ�8&

	ÚĵȦł'ǟ"¹:!�9�Ɯ`hAT'¤ə

&(	Fig. 3.10&ȍ��ĽɒĽơĉ'RIEɗȺ=ǲ���ȃȗ\z�h�Ã'T_�S(ʸƭ#%
�!�9�ċơ=T_�S�&V]a�	D]\�Lǲ'èŔŗHT=�Ħ'Ǌʧ"Ǌ��ˑö

ǅ�Ǌˀǖ=ǲ�!ˀą=âÚ�	\z�h�Ã&o~Uu=Ûɽ�9�Ǽǰ��èŔŗAF�

(ʸƭ�'ċơ&ò
�!Úʓ�:	Al 5 SiN #èŔ�9�#"D]\�L�ɽ�9�D]\�
L�(	o~Uu�'ˀĠ�ˑöǅˀą=âÚ��Ȱȷ�:�ˀƭ0�(ċơɕ˄&ɍȕ�!Ɛ

ˀ¡&ɄĸhA?T�:9��'ɍȕˀĠ&6�!AF�R�T�ǰ�9��'hA?Tˀą=

ʸƭÜƤˀą#÷+��'Ǭɵ(	èŔŗAF�#Ƽʅ�!ˀĠ'ȒÝł�˃Ļ&ę���3&

Ǽǰ�9�ˀą&6�!Úʓ�:�AF�(T_�S"�9ˀƭ,#ĈȀ&ʖ2'"	?�[�

G]a'İ%�ǹƊŗD]\�L˒Anisotropic etching˓#%9�SiN ĳ# Al ĳ'D]\�L&(
�:�: BCl3HT# CHF3HT=ǲ���D]\�LÓ& SiN	Al	gL-2000-14'D]\�L��
a=ƿ3��BCl3 HT=ǲ��Ə' gL-2000-14 	6* Al 'D]\�L��a(�:�: 13.3 
nm/min	4.0 nm/min"�8	ʞŬƼ( 3"����CHF3HT=ǲ��Ə' Al	6* SiN'D]\
�L��a(�:�: 18.8 nm/min	2 nm/min"�8	ʞŬƼ( 9"���˒Fig. 3.9(b)˓�%		
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BCl3HT"' gL-2000-14	6*CHF3HT"'AlD]\�L��a(ǧɺƝƇȇȖƵƮ˒NIMS˓
őȫÚĵo~]amE�w68ź¦�:�4'"�9��:7'D]\�L��a&ċ �	Al
ĳ	6* SiN ĳ'b~AD]\�L=ɒ%���D]\�L&(	T_�S˒ʸƭ˓&ƾŐǮĉ
ÇãRT_w�žʆ�:�b~AD]\�LɗȺ˒RIE-10NR	PwN˓=¥ǲ���ˀĠȵŹǵ
ǲ�STa'1=uTK#�!ǲ�9ťǃ4�9��
�	�STa( Al #Ƽʅ�! CHF3HT

&Ĭ�9D]\�Lȼŗ#Ǥȼŗ�¢
	D]\�L�&�STaŌʎ˒Retarding˓�Ǽǰ�9�
�:(iZ��&ę�%_�i�ɠ�ǰ�9åÿ#%9�D]\�LiZ��=�ł Al ĳ&ʂÆ
�9�#"	SiNĳ'D]\�L"'uTKŌʎ=ʴ��#�"�	Įǅʁ=68ɧɤīǃ&ŕħ
&¤ə�9�#�ìȾ#%9��'.
&	5Êʲ'D]\�LŌ	ɄǢÇã'Əʲ=ɧ�9	%
$'ĵĚ=ɒ��� 

 
3.3.3 SiN DCE�2<* : 

`hAT'¤ə�ɪ¨&ʺ�!	��'ɫɐ	6*ƝƇ=¥ǲ��� 
 
mj�

�ˀĠȵŹǵǲtSĉmEa�STa˒gL-2000-14� L��F��~s˓ 
�SiN/SiO2ĳ��R�N�BDg˒Ȁŋ 2 inch	ä� 500 µm˓ 
�?Va�˒ø½ȩɐĵƬ˓ 
�AXo�if��˒ø½ȩɐĵƬ˓ 
�IR��˒ø½ȩɐĵƬ˓ 
�ˑȃȗǲL��T˒Apiezon L� ?lDY�˓ 
 
���

�125 kVˀĠk�wŹǵɗȺ˒ELS-F125� D�FdKT˓˒NIMSK�����w˓ 
�èŔŗAF�D]\�LɗȺ˒RIE-10N� PwN˓ 
�èŔŗAF�D]\�LɗȺ˒RIE-101iPH� PwN˓ 
�o~UuʥðɗȺ˒PR500� {uaȐģ˓ 
�Tl�N�Z�˒1H-D7� vGP˓˒NIMSK�����w˓ 
�r]ao��a˒?U��˓ 
�ɾ˅ǅǇǋƵ˒?U��˓ 
�ƹșˊőʮ˒IX-50� F��iT˓ 

 
Fig. 3.10 ĽɒĽơĉ RIEɗȺ'ƲŃĂ� 
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�ŸɢŃɕ˄ƻķɤ˒Alpha Step IQ� KLA Tencor˓ 
�ˀɡƂÉĉɼƧˀĠˊőʮ˒FE-SEM, SU-8020� Ƌș˓ 
�ÀɄÝTi]Z��LɗȺ˒CFS-4EP-LL� ɊǌxGa�dKT˓ 
�ɾȩƾəʔɗȺ Milli-Q Advantage A10˒Merck KGaA, Germany˓ 
 
1. SiUo�N� 
0�	2 A�\ ˒Ȩ 50.8 mm˓'ċơ
7\]o=Ë8É����:�:'ċơ
7(	22 mm × 
22 mm'\]o� 2ƣ��Ŏ7:��0�	Siċơ'˒1, 1, 1˓˄&ĈȀ&[A{y�bG]Z�
" 2-3 mm.$'·=��9��'·'�ț=Ų"ű�	ʱ
6�&Ø=Ú�9
	Ħɝ%$'ƻ
ķ'�&·'Ɗò&ǂ�!ċơ=��	l�V]a%$"ʄ
ŭ�!59�#"	åĠ˄&ǂ�

�×ʱ�ɽ�9��'6�&	ċơ�&iZ�d�L=ɒ��"(	�7
�3œɛ%PAU&

×ʱ�!
7�STaĎĹ%$=ʱĞ�9��:(	ċơ'×ʱƏ&ˌ*ƃ9R�N�ƈǦ�đ

#%8	iZ�d�L&Śŉˆ=ç/��3"�9�iZ�d�L˄ȕ=�ů"Źǵ"�9N�

ZKa�XL~m@�#ʚ�	ˀĠȵŹǵ"(iZ��&ǂ�!Ƅ nm0"ȯ��ˀĠȵ=ǣĭ�
!�
�#"�STa=Ş½��9�3	Źǵ˄ȕ�ę��.$ŹǵƏʲ4ʯ
%�!�
��

'�3	iZ��˄ȕ=Ǒ7�ĵĚ�œɛ#�:9�ċơ�Äň"%
	ɠ�ĢĆ�9Ə	�S

Ta=ĎĹ�9#ɠ&�STa�ʼ0�!�0���:&68	�ě(ƼʅǾć�%Ɂä#%9

�	ț&�
&�:!Ɂä�ä
%9��'�3	�ɇǾ&ċơ'ț
7 5 mm0"(ʥɛ%iZ
��=ʡȺ�%�6�&�9�ˀĠȵŹǵɗȺ ELS-F125'T_�S(	Ɣę" 8ƣ0"'\]o
=ʡȺ"�9�ƜȇȖ"(¤əƞ�=ćȞ&�9�3&	L~mÃ'`�Z(À!�ł'ˀĠȵ

Źǵ"¤ə��\]o'1=ǲ�!êŎ�!�9� 
 
2. SiUo�tv 
k�G�˒300 ml˓= 3 �ǲŝ�	?Va�	AXo�if��˒IPA˓	ɾȩƾ=ï 50 ml ��
ǆ���ċơ= 4 �0"V]a"�9ċơǇǋǲ'ǨǆH~Tr�[�& 22 mmɠ'ċơ=ʡȺ
�9�?Va��&H~Tr�[��#Ǎ�	5 min ɾ˅ǅǇǋ&
�9�H~Tr�[�=ê8
É�	AXo�if��,Ȓ�	ñƯ'ſ¤=ɒ��ƔŌ&ɾȩƾ�"˗ min ɾ˅ǅǇǋ=ɒ�	
ȘȪHTn��&68ƾÊ=ˌ)�� 
 
3. SiUo�By 
ċơɕ˄&ƺ��İʧ'ƾ=ʷæ�9�3&	110�&ÚǤ�:�r]ao��a'�&ċơ=�
�	5 minp�K�9�r]ao��a
7ċơ=þé�	?�va���&Ȓ�!ßÊ&ċơ=
Çã��9� 
 
4. Al�$-)'9=� 
Ǉǋ��ǥ'Ȭ<��ċơ=Ti]Z��LɗȺ'r�[�&ăĦ�	40 nm ä' Al =Ti]Z
�9�Ti]Zƞ�(ąØ 5.0 × 10-4 Pa	DCi�� 300 W	?�O�HTą 30 Pa	Ti]ZƏʲ 
192 s #���0�	Ti]Zĥ�Ō&Å* 2. Siċơ'Ǉǋ	6* 3. Si ċơ'�ǥ=ɒ��Ʒ'
o�VT�ʵ(ǧɺƝƇȇȖƵƮ˒NIMS˓őȫÚĵo~]amE�w"ɒ%��� 
 
5. gL-2000-14�$/= ?* 
Ǉǋ��ǥ'Ȭ<��ċơ=Tl�N�Z�'T_�S,ăĦ�	`@Ttlq]a=ǲ�!ċ

ơ' 80%=ɜ�ʧ˒5~6 ǚ˓' gL-2000-14 =ǚ��!	Tl�N�a=ɒ��Tl�N�aƞ�
( slope: 10 s > 3000 rpm: 60 s#��� 
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6. gL-2000-14�293?� 
180�&ÚǤ��r]ao��a�&�STaĎĹŌ'ċơ=��! 5min o�p�K=ɒ�� r
]ao��a
7ċơ=ê8É�	?�va���&Ȓ�!ßÊÇ390"ƂȺ�9�NIMSK�
����w' 180�p�Kǲr]ao��a( 24 Əʲˀǖ�¿�!�9�3	o�p�KÓ&ǔ
łĤĦ'�3&ˀǖ=¿:!	
œɛ(%��ȼɐùl�V]a'¼ț( 130���"ǘɡ�9�
3	180�r]ao��a'¤Ƭ(V~v]K¼ț'l�V]a=ǲ��� 
 
7. �V�g~ 
o�p�KŌ'ċơ�ßÊÇ3�7	ˀĠȵŹǵɗȺ'ɫƇ\z�h�&ċơ=¿:9�BCg

r�[��'\]oăĦǲ'ǁÂ&\]o=����ăĦ�9��'Ə	\]oɕ˄&ʒˀǲ'

ʨĲi�^�Ÿ�!�9�#=ȋɭ�!ăĦǲ'eS=ȶ39�Źǵƞ�(	m@��bPA

U˘ 500 µm	b]aƄ˘500,000	b�Tʧ˘300 µC/cm2	b]aʲl]\˘(x, y) = (5, 5)	k�w
ˀǊ˘2 nA#���b�Uʧ( SCHEDULE m>A��'ˀĠȵǣĭƏʲ˒µs/dot˓&68ŲĦ�
�� 
 
8. ;#$*|I 
BCgr�[�68ˀĠȵŹǵŌ'\]o=þé��'�&	ċơǇǋǲ'H~Tr�[�& 4
\]o��ʡȺ�9�gL-2000-14 	6* ZEP520A 'Áʒ'Ǭ¸ǎ"�9IR���¿��H~T
ǯ&H~Tr�[��#ċơ=Ǎ�	120 s ƂȺ�9�ȱ�!	��Tǘǎ"�9AXo�if�
��¿��H~Tǯ&ċơ=Ǎ�	60 s ƂȺ�9�ċơ=ê8É�	ȘȪn��&68ɕ˄'ǎ
=ˌ)��ƹșˊőʮ"�STa'iZ��&úˉ�%�
ȋɭ�9� 
 
9. gL-2000-14�4$*3?� 
140 �&ÚǤ��r]ao��a�&�STa'iZ���:�ċơ=��	2 min o�p�K=
�9�r]ao��a
7ċơ=þé�	?�va���&Ȓ�!ßÊ&Çã�9�NIMS'K�
����w&(Ļ&ˀǖ'¿�� 140˚C 'r]ao��a(ǲŝ�:!�%�'"	tTap�
K' 30 minÓ&(ˀǖ=¿:!	ǔł=ĤĦ��!	
� 
 
10. Al�Rbc��=�)(=� 
�STaiZ��ňšŌ'\]o= 3 inch ' Si ċơ�&ȃȗL��T=ɘ˄&Ď�!ʡȺ�9�
\]o'ăĦ�:� Siċơ=èŔŗAF�D]\�LɗȺ ELS-F125N'ʸƭ�&ăĦ�9�ȃȗ
ń�Ō	˒˔˓`TGw˒Descum˓ #˒˕˓BCl3HT=ǲ��D]\�L'ˇ&ħɒ�����

(o�VTm��=ȍ�� 
 
Step 1: 100 scm O2˙Ãą 75 Pa˙RFÉØ 200 W˙Əʲ 10 s 
Step 2: 20 sccm BCl3˙Ãą 5 Pa˙RFÉØ 200 W˙Əʲ 3 min 
Step 3: 100 sccm N2 ; Ãą 75 Pa ; RFÉØ 50 W ; Əʲ 5 min 
 
Step 3 &	�!ƔŌ& N2 HT=Ǌ�'(	\z�h�Ã	6*\]oɕ˄&�Ȅ��ƚèŔ'

BCl3HT=�ǉŗ% N2HT"ȺŻ�9ǿǾ��9��:=ɒ<%�#	ƺĢ�� BCl3HT&6�

!F�h�D]\�ɽ��!�0� 7�\]oɘ˄&�Ȅ��ȃȗL��T=?Va�&Ǎ��ȳ

ƪ#Iw�Ao%$"Ű�ê9� 
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12. SiN�Rbc��=�)(=� 
Al D]\�LŌ'\]o=èŔŗAF�D]\�LɗȺ RIE-10N 'ʸƭ�&ăĦ�9�ȃȗń�
Ō	˒˔˓`TGw˒Descum˓#˒˕˓CHF3HT=ǲ��D]\�L'ˇ&ħɒ�����(o

�VTm��=ȍ�� 
 
Step 1: 100 scm O2˙Ãą 75 Pa˙RFÉØ 50 W˙Əʲ 10 s 
Step 2: 20 sccm CHF3˙Ãą 0.5 Pa˙RFÉØ 50 W˙Əʲ 4 min 
Step 3: 3 min'�ƈ 
 
Step 2	6* 3 =�'ˇ& 4 þȹ8ʊ��#&69ɤ 16 min 'D]\�LħɒŌ	ɗȺ
7\]
o=ê8É�� 
 
12. ;#$*�P 
o~UuʥðɗȺ PR500 &6�!\]o'�STa=ʷæ�9�SiN D]\�LŌ'\]o=Ȇ
ɋTZ�b'�&ʡȺ�!	o~UuʥðɗȺ'\z�h�,¿:! 10 Pa0"ȃȗ=ń
�O2H

T=m����a 200 sccm"\z�h�Ã&Ǌ�	RFi��300W=âÚ�! 10 minʤȪo~U
uÈǭ=ɒ���:&68	�STaʷæ�ɒ<:9�ȱ�!	100 mlk�G�& 1 M HCl= 50 
mlǲŝ�9�\]o=k�G�,Ǎ�	3 hƂȺ�9�Alĳ(ʤ&6�!ʷæ�:9�ƔŌ& 3�
' 100 mLk�G�,?Va�	AXo�if��	ɾȩƾ=�:�: 40 mlǲŝ�9�ċơǇǋ
ǲ'_m��r�[�&ċơ=V]a�9�r�[�=?Va�k�G�,Ǎ�	5 min ɾ˅ǅǇ
ǋ�9�r�[�=ê8É�	AXo�if��,Ȓ�	ñƯ'ſ¤=ɒ��ƔŌ&ɾȩƾ�"

˗ minɾ˅ǅǇǋ=ɒ�	ȘȪHTn��&68ƾÊ=ˌ)�� 
� �'ɾ˅ǅǇǋ(ʤȪo~Uu&69�STaƺǓǧʷæŌ&ɖD]\�LˈĊ&ƺĢ�9m

�F�G�s�ȧ'ƺǓǧ=ǧǭǾ&ê8ʷ
�3&ɒ��� 
 
13. k��Z 
¤ə�:� SiN DC 'ƈ˄Ʈʔ=ɡƂÉĉɼƧˀĠˊőʮ=ǲ�!ȋɭ���ɟĪ'Ó&	DC \
]o=×ʱ�	ȤƍTi]ZɗȺ=ǲ�!Įˀǲ'ǽʨɏɁ=ä� 5 nmšɁ��� 
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� � � � � �  
 

Fig. 3.8 SiN DC V�P'¤əo�VT'Ǌ:� 
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Fig. 3.9 (a) CHF3b~AD]\�L&	�9 SiN'D]\�L��a�(b) Al'Ti]Z��
a� 
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3.4 495?��� DC@��`e 

Ɯȡ"( SiN DCV�P'ɕ˄,'t�u�ɏɁňš&��!ʋ-9�MIP=ó2 3Ȕˋ't�u
�ɏɁ�åĠȒÝ~SG�ʥðǃ˒AGET-ATRP˓=ǲ�!šɁ�:��Fig. 3.11(MIP'šɁo
�VTm��=ɕ��ƲŃĂ"�9� 

 
3.4.1� MIP�e�2<%: 

Ɯȡ"( DCV�Pɕ˄&šɁ��ÊĠʪĉt�u�˒MIP˓=ó2 3 Ȕˋ't�u�ɏɁ'šɁ
o�VT"�9åĠȒÝ~SG�ʥðǃ&��!ʋ-9� 

AGET- ATRP#(�k�L~SG�ʥðǃ'��"�8	ʝȒʨĲʫ£=ɢğ	ƖƵg�M�Þ
ðǧ=ʥðʱĞƝ#�94'=ɣ���'ťǃ( 1995 ľ&G�eJ�x��ęģ'K�Tam�
u_@RCmTI�	6*�ʠęģ'ǜƜ½Ǵ&6�!ñƏƙ&Ǽƌ�:� 5,6�AGET -ATRP (
ʥð�'t�u�šʯƛț�~SG�=Ɩ�9ǉŗȔ#~SG��g�M�åĠ&Ŷ7�7:�

b�u�aȔ'ʲ"Ľɔǩş&�9��'�3	~SG�ñĔ�èŔ�!�0��ÊĠ³ƸèŔ

�ǭɳ�ɽ�7�	�k�Lŗ�ʙš�:!�9��'ťǃ(ōƟ'AF�ʥð#Ƽʅ�!68

ĿȢā%yfu�&ŔǲìȾ
�˃Ļ&ɒÝ&Ñŏ�9�#�"�9#�!	ǬĆ4Ŀ
ǲ�7

:!�9 7�ƜȇȖ"(ʝȒʨĲʫ£#�!ʩ˒II 	˓ʥðʱĞƝ#�!ɅȪ= DCĮǅʁɕ˄&®
ˍ���0�	ʪĉÊĠ"�9jaɑǐ?�nv�˒HSA˓#èŔ�9ƵȾŗyfu�#�!l
��S�?K���a˒PyA˓=ǲ�9�HSA (ɑ�& 70 %#Ɣ4Ę
ó0:9Z�iKɺ"�
8	Ƚɂ5ɀɂǻř'u�G�Z�iKɺ#�!Ƀŀ"Ŀ
ǲ�7:!�9�20 µg/ml ��'ǝ
ł
7ɀɂǻř�Ǻ<:9 8�Fig. 3.12& PyA'ÞģŃ=ȍ��
PyA(ʹAF�ŗ'yfu�"�8	HSA�'ʸAF�ŗ˒a
�oam>�	TrP Ȟ˓'?vfʤ'˂ˀǾȁ�¤ǲ&68ô
Ȅ�!�9�PyA (�'6�%ìʐèŔ"'ôȄ=�9�3	
ȹ8ʊ�"'ǕĦ�ìȾ#%�!�9��'ƵȾŗyfu�

#	ːƩyfu�#�! 2-xZK��A�FIRD\�rTr
��N��˒MPC 	˓MPCʭñĔ=�%�9ƥƴƝ#�! N,N'-

 
 

Fig. 3.11 MIP'šɁo�VT� 

 
 

Fig. 3.12 ƵȾŗyfu�
˒PyA˓'ÞģŃ� 
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x\��kT?K��?vb˒MBAA˓=ǲ�!�9�MPC (Z�iKɺ'˃ǨǹôȄ=ʴ�¤
ǲ��9#Čõ�:!�9 9� 

 
3.4.2� DC()2@�� MIPe�2<* : 
MIP ɏɁ'šɁ	6*ɪ¨&ʺ�!��'ɫɐ	6*ƝƇ=ǲ����-!'t�u�šɁ(ȏ
Ţęģ'ȜÃ«ƆȇȖĨ"ɒ�� 10� 
 
ƝƇ 
�jaɑǐ?�nv�˒HSA˓˒ ø½ȩɐĵƬ˓ 
�BRɑǐ?�nv�˒BSA˓˒ ø½ȩɐĵƬ˓ 
�b`R�ȉʤca�Bw˒SDS˓˒ ø½ȩɐĵƬ˓ 
�2-xZK��A�FIRD\�rTr��N��˒MPC˓˒ Ơ�ÞšĵƬ˓ 
�N,N'-x\��kT?K��?vb˒MBAA˓˒ Ơ�ÞšĵƬ˓ 
�3-?vfo�l�a�DaIRR~�˒APTES˓˒ Ơ�ÞšĵƬ˓ 
�N,N-Sx\�r�w?vb˒DMF˓˒ Ơ�ÞšĵƬ˓ 
�2,2'-kl�S�˒Bpy˓˒ Ơ�ÞšĵƬ˓ 
�2-n�yAXʣʤ˒Ơ�ÞšĵƬ˓ 
�1-(3-Sx\�?vfo�l�)-3-D\�G�sSAvbďʤď˒EDS·HCl˓˒ ǒʇÞģĵƬ˓ 
�N-jb�IRNgKʤAvb˒NHS˓˒ RLu?�b�]\˓ 
�ɅÞʩ˒II˓(ƎøÞģ) 
�L-?TN�k�ʤ˒ȩƹÞģ˓ 
�D\��S?v�ýʢʤýca�Bwďýƾøǧ ˒EDTA-4Na˓˒ ȩƹÞģ˓ 
�ďÞca�Bw˒?U��˓ 
 
ɗȺ 

�UVFY�K��c�˒UV-1� PwN˓ 
�r]ao��a˒?U��˓ 
�Řǔư˒?U��˓ 
 
1. SiN'jb�IRÞ 

SiNĮǅʁɕ˄' SiN= UVFY�K��c�˒UV-1˓&6�!jb�IRÞ���DC\]o=
UVFY�K��c�&¿:	ÉØ 50 W" 30 minFY�ǣĭ��� 
 
2. APTES®ˍ 

k�G�& APTES˒1 wt%˓#DZf��˘ƾ = 95:5=Ǐð��ǘǎ=¿:	DC\]o=Ĩǔ"
60 minǍ���ȱ�!k�G�= 80˚C'r]ao��a" 60 minp�K����:&68	SiN
Įǅʁɕ˄� APTES®ˍ�:9� 
 
3.BrÞ 

k�G�& 2-n�yAXʣʤ˒0.5 mM 	˓NHS˒0.75 mM 	˓EDS·HCl˒0.75 mM˓= DMF ǘğ&
ǘ
��DC\]o=Ĩǔ" 12 hǍ���'Ō DC\]o= DMF"��T�9��:&68	SiN
Įǅʁɕ˄� BrÞ�:9� 
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4. ʥð 

��ʤh]m>�˒pH 7.4˓& HSA˒10 µM 	˓PyA˒30 µM 	˓MPC˒1.8 mM 	˓MBAA˒20 µM 	˓

ɅÞʩ˒II˓˒ 0.1 mM 	˓Bpy˒0.2 mM 	˓L-?TN�k�ʤ˒50 µM˓=m~TN&¿:	DC\]
o=Ǎ��m~TNÃ=ȘȪʿāƽÞ&�! 40 ˚C'Řǔư& 1 hǍ�	ʥð�9��'Ə'ʥð
Əʲ&6�!	t�u�Ɂä'ɲƅ�ìȾ"�9�0�	ƜȇȖ"(ʥðƏʲ� 0.5, 1, 2 h' 3ʒ
8'MIP=šɁ��� 
 
5. ʩ˒II˓ʷæ 

ʥðŌ' DC \]o=DZf��"��T�	EDTA-4Na˒1.0 M˓& 1 h Ǎ���:&68	DC
\]oɕ˄'ʩ˒II˓AF�=ʷæ�9� 
 
6. ʪĉÊĠʷæ 

ȩƾ&ďÞca�Bw˒1.0 M 	˓SDS˒0.1 wt%˓=ǘ
�	DC\]o= 12 hǍ��ʪĉÊĠ"�
9 HSA' 3ƷºƮʔ�Ƕ˄ǉŗÔ"�9 SDS&6�!Ĵ:	HSA( MIP'ôȄġ68ū�É�
!
9� 
 
��� MIP 'šɁo�aN�"�9�0�	ƜȇȖ"( MIP �ė&Ǡʪĉt�u�˒NIP˓#
MPCt�u�=šɁ�!�9�NIP(�ʋ' 4. ʥð&	�!ʪĉÊĠ"�9 HSA=ó0�&ʥð
=ɒ%��4'"�9�6�!	NIP &(ƵȾŗyfu�&68 HSA #˂ˀǾȁ�¤ǲ=�9ì
Ⱦŗ(�9�	MIP'6�%ôȄġ�ĢĆ�%��MPCt�u�(	4. ʥð&	�! HSA��"
%
ƵȾŗyfu�"�9 PyA4ó0�&ʥð=ɒ%��4'"�9� 
 
3.5� Y�ls 

3.5.1 JY����re 

ǕĦ&ǲ��½ģħˏɗȺ'�A?BaÆȃ= Fig. 3.13 &ȍ��DC \]o( 40 mm ɠ' 6 ʃȦ
ĩT_�S˒Edmund optics˓�&ăĦ�:��½ǖ#�!ǅʯ 635 nm	ÉØ 5 mW	TE²½'à
Į£��Q�˒Edmund optics˓=ǲ���DC \]o'¿ĭǲĮǅʁț˄,°ǫ 50 °'ʯ¤ÝĬ
ǧ��U˒¤Ýʀʽ˘20.5 mm	ʱëƄ˘0.42	ǡǟʀʽ˘4 mm	PAL-50-L RLu½Ƶ˓"ȯ�
���Q�½=¿ĭ���ÉĭǲĮǅʁț˄
7' 2 �'Éĭ½(°ǫ 20 °'ʯ¤ÝĬǧ��U
˒¤Ýʀʽ˘ 31 mm	ʱëƄ˘0.29	ǡǟʀʽ˘10 mm	PAL-20-L RLu½Ƶ˓=ʒ�! CCDG
x~˒200�ǵȪ	SK-TC202USB-AT RLu½Ƶ˓&Ȯ¸����\]o,'½¿ĭ# CCDGx
~'Ȯ¸'¡Ⱥð<�(	�:�:\]o'�ʟ#ƳƊò&ɧȺ��ˊőʮRT_w=¥ǲ���

CCD Gx~&6�!ɟǕ�:�Éĭ½'ʉɞʦ¸(˂Ƹǵ	6*Ýǵ#�!¬Ģ�:	ǵ¸Èǭ
Xma ImageJ˒NIH˓=ǲ�!ɡƢ�:� 11�Éĭ½ņł(	ʉɞʦ¸Ã'Ɣ4½ņł'ņ�ǟ=

�Œ#�!	Ȁŋ 10 µm'ÄÃ'­îņł'Ľć±= s1	6* s2'±#���­îņł(	CCD
Gx~'Ax�SV�P'ȴɉ&ĬŔ�9­î=ǲ��� 
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3.5.2 J�x
 ��uDMa 

őįǊʁ˒ļ 0.6 µm	ˑ� 200 µm˓(t�Sx\�R�IP�˒Polydimethylsiloxane: PDMS˓=
ƝƇ#�!¤ə���3 inch H~Tċơ�&äɁmEa�STa SU-8 25 =Tl�N�a�	UV
ˁ½Ƶ˒MA-10� vGP˓=ǲ�!ǊʁƮʔ'ʪĉiZ��=ňš���¤ə��ʪĉ& PDMS
Óˎ£=Ǌ�ʈ1	80 ˚C " 30 min ÚǤ���ȊÞ�� PDMS =ʪĉ
7Õ��	G]Z�cA
m" 1 \]o�#&Ë8Ê���Ǌʁ'É¿8ë=ňš�9�3&ǰƫa�i�˒ɶâ˓=ǲ�
!Ȁŋ 1 mm'ɸʒġ=ʱ���PDMS\]o(	ˊőʮ�"¡Ⱥ=ȋɭ�! DC'V�PˈĊ�
ǊʁÃ&é096�&Įǅʁ#Ȁɒ�9Ɗò"ɹ8ð<���SU-8 25'i�Z�ňš&ǲ��u
TK=�ʬ 1&ɦʆ��� 
� Ǌ£=ǲ��V�R�L&	�!	ƹȋ%P�o�'Ë8Ɠ�5ĤĦ��Ǌʓ'Ȳű�ʥɛ#

%9�ƜȇȖ"(	R��St�o˒MD-1000/MD-1101 Bioanalytical Systems Inc.˓=ǲ�!P�
o�ǘǎ'Ǌʓ=ɲƅ���ǕĦƏ'h]m>�#ǕĦĬɵǘǎ'�Ż( 6 ġA�SCKR}�
h�n˒V-451 IDEX Health & Science˓=ǲ���PDMSǊʁ	h�nʲ#h�n	R��St�
oʲ(R�N��\|�n=��!Ÿȱ���ƹȋ%ǘǎ'Ë8Ɠ�=ìȾ#�9�3&ǲ��

h�n'ƵȾ= Fig. 3.14&ȍ��h�n(ǘǎ'»Đ˒Fig. 3.14(a)˓#Į¿˒Fig. 3.14(b)˓'��
'ǩş=¬��h�n�»Đ'ǩş&�9#�(h�n'¿ë#Éë�ȀȮ�!�9�h�n�

Į¿'ǩş&�9#�(	¿ë#Éë'ʲ&P�o���o�Ÿȱ�:9�ǕĦÓ'Ǘ¶#�!

0�h�n=»Đǩş&�	¿8ë
7h]m>�=ǆ¿�	PDMS Ǌʁ&Ǌ����!	P�
o���oÃ=ǕĦĬɵǘǎ"»Đ�9�h�n=ǲ�9�#"	ǹ%9ǘǎʲ&Ǐ¿�9ƽǄ

=Å�ʶ&Ũ�9�#�"�9�ǕĦʱĞȀŌ&h�n=Į¿ǩş&Ë8Ɠ�9�R��St�

o�Úą�9�#"	P�o���oÃ'ǘǎ�V�Pɕ˄&Ðʙ�9�P�o���oÃ'ǘ

 
 
Fig. 3.13 ½ģħˏɗȺ'Æȃ�ɻɉ'Ȉȵ(½ʁ=ɕ��Ŵ¿Ă(	SiNȫȵĮǅʁ�' Ž
½'ƃ�=ŵ��Æȃ� 
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ǎ�À!V�Pɕ˄&Ðʙ�9#�ł(R��St�oÃ&ʥǟ�:�h]m>��ʏǎ�:9�

Å*ǕĦĬɵǘǎ=»Đ�9#�(	h�n'ǩş=ʥǟ&ţ�	Óʋ'ſ¤=ȹ8ʊ�)Ɉ�� 

 
3.6� �p	�Z 

3.6.1 DC%=!�k��Z 

¤ə�� DC V�P'V�PˈĊ=×ʱ�	�'ƈ
˄= SEM&6�!ɟĪ��˒Fig. 3.15 �˓SiNĮǅʁ
(ˑ� 293 nm	�ʇ'ļ 408 nm	�ʇ'ļ 442 nm	
�ʇ'Jz]oʀʽ 162 nm	�ʇ'ļ 129 nm "�
���0�	SiN Įǅʁ'´˄'Ã´	6*ė´'
_�i�ɠ(�:�: 3.7 ł	5.8 ł"����¤ə
o�aN�=ƔʛÞ�9�Ó(iZ��ǲ'uTK

=ˀĠȵ�XL~m@�ǲ'�STa'1#�!�

���'Ə' DCƈ˄īǃ(	ˑ� 293 nm	�ʇ'ļ 309 nm	�ʇ'ļ 432 nm	�ʇ'Jz]o
ʀʽ 129 nm	�ʇ'ļ 78 nm	Ã´	6*ė´'_�i�ɠ(�:�: 8.2 ł	27 ł"����
�'Ə	 Ž�T�ŠŖ�:��½ Ž&	�!	Įǅʁ'ňǩ�˃Ĭȑ&%9ȓ	 Žy�b

�Ûɽ�&

%8	 Ž�T�ē�9�#�<
�!�9��:(	 Žy�b	�%<�ˀ

Ȍč'ĦĆǅ�De�J�Ǿ&Ɣ4ĤĦ�9'�ñŒÄǩ'ňǩ"�9
7"�9�˔ĳ'1'

uTK&6�!¤ə�� SiNĮǅʁ(	Ɣę"´˄'_�i�ɠ� 27 ł#˃Ļ&ę�
����
:&68	��Ɗò'Ĭȑŗ�ę�
Ĵ:!�0��0�	ĮǅʁÃ´#ė´'_�i�ɠ'ķ

4 18.8 ł#˃Ļ&ę����:&68ĶíƊò'Ĭȑŗ4Ɍ�
¢����uTK#�! Alĳ=
ʍÚ��¤əo�aN�"(	ė´'_�i�ɠ= 78%¢Ǒ�9�#&šÙ���0�	Ãė'
_�i�ɠķ&��!4 89%¢Ǒ�9�#�"���Įǅʁ'ļ	6*Jz]oʀʽ(�ʇ#�
ʇ'���'Ľć=ê9#	�:�: 425 nm	145 nm "����ɧɤ±
7'ɮķ(�:�:
6.3%	3.3%0"Ũ�9�#�"���0�	Įǅʁˑ�( 293 nm"�8	SiNĳ'1=D]\�
L�9�#�"��� 
 

 
 

Fig. 3.15 DCV�Pƈ˄' SEM¸ 
 

 
 

Fig. 3.14 A�SCKR}�h�nƵȾ=ɕ�ƲŃĂ�(a)»Đǩş"(	P�o���o,'Ǖ
ĦĬɵǘǎ'Į¿�ìȾ#%9�(b) Į¿ǩş"(	inlet# outlet'ʲ&�9P�o���o
�V�P,#ŭ�É�:9� 
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3.6.2 495?��`e DC�K[J_^����OxX 

DC V�Pɕ˄&šɁ��Ō&�:�:'t�
u�ɏɁ'Ɂä=ƿ3���'�3'ťƻ#�

!	t�u�šɁÓŌ"'Ȯðʯ'ĖÞ=ǲ�

��ƜȇȖĨ"(�"&ę�¬� SiN DC V�
Pɕ˄&kF\�'®ˍ	6*®ˍÓŌ"'Ȯ

ðʯĖÞʧ'ǕĦ=ɒ%�!�9 12��'Ə'

kF\�ĳ(ä� 3.8 nm	®ˍ&69ȮðʯĖ
Þʧ( 28 nm "�����"& 3.2 ȡ&	�
!	DC V�Pɕ˄'ɕ˄&®ˍ�9 MIP Ɂä
#Ȯðʯ'ʲ&(ȵĉŗ��9�#=Rv|�

�R}�&68ȍ�!�9�0�	kF\�5

t�u�%$'ǰ£ƝƇ'ıŪǫ( 1.4-1.5 ȓ
ł"�9#�:!�9�3	��"($�74

1.45 "�9#�Ħ�� 13,14���'�#
7	

SiN DC V�Pɕ˄&®ˍ��ǰ£ƝƇ'Ɂä��8'ȮðʯĖÞʧ(	0.14 "�9�#�<
9�
Fig. 3.17&kF\�	MPC	NIP	MIP®ˍÓŌ"'Ȯðʯ'ĖÞʧ=ȍ���'L~m&	�!
kF\�'`�Z(ƜȇȖĨ'ę�¬&694'"�9��þ' MPC	NIP	MIP šɁÓŌ"'
ȮðʯĖÞʧ(�:�: 23	49	52 nm"����6�!	�:�:'Ɂä(	3.9, 6.8, 7.3 nm"
����MIP	6* NIP(ŇÍŜĦ�!��Ɂä 7 nm#./�Ɇ��Ɂä#��9�#�"���
MPC &��!(	ƵȾŗyfu�"�9 PyA =ó0%
���#&68	ʥð�& MPC yfu
�'ʧ��ɿ�	èŔʓł�¢����3"(%�
#�Ŝ�!�9�0�	��'ǕĦȮƤ6

8 DCV�Pɕ˄& 3Ȕˋ't�u��šɁ�:�#��68ƨƜǾ%ȮƤ4ȍ��#�"��� 
 
3.6.3 .*�w�:16=�HSA��495?G� DC�}��xX 

ÊĠʪĉt�u�(ǕĦĬɵZ�iKɺ˒ʪĉÊĠ˓=�'ňǩ	6*ôȄÿĠ'¡Ⱥ&6�!

ˑł&ɴÎìȾ"�9 15-17�0�	MIP�ǕĦĬɵZ�iKɺ"�9jaɑǐ?�nv�˒HSA˓
'ňǩ=ƜŇ&ɴÎ�!�9'
=ɩƌ�9�3&	MIP	6* NIP=ǲ�� HSA'ƫÉħˏ=
ɒ%���Fig. 3.18&�:�:'ƫÉȮƤ=ȍ��HSA( PBS˒pH 7.4˓=ǘğ#� 1 µM'ǘǎ
=ǲŝ���0�	PBS˒pH 7.4˓= 20 µL/min "őįǊʁ&Ǌ�	p�T~A�=ƫÉ���ȱ
�! 240 sŌ& 1 µM HSA= 20 µL/min"Ǌ�	RLc���Ħ#%��#�;" HSA&69RL
c�=ƫÉ���ƫÉȮƤ'L~m68	HSA Į¿&68 NIP "(./Ȯðʯ&ĖÞ(%
��
�	MIP "(ę�%ĖÞ�ɟǕ�:����! HSA Į¿
7 200 s .$"Å*RLc���Ħ#
%�!�9���'ȮƤ68	MIP 'ôȄġ� HSA ôȄ&(�ìƶ"�9�#�ȍ�:��Fig. 
3.19(ñƯ'ǕĦ=MPC"4ɒ�	HSA&69p�T~A�
7'ȮðʯĖÞʧ=L~m&��
4'"�9�MIP	NIP	MPC "' 1 µM HSA &69ȮðʯĖÞʧ(�:�: 33, 5, 6 nm "��
���%<�	MIP "'1ę�%ȮðʯĖÞʧ�Ŏ7:��MIP �ǕĦĬɵZ�iKɺ'ňǩ�
�"%
	ôȄÿĠ'¡Ⱥ&6�!4ɴÎ=ɒ%�!�9�#=ȍ��3&	HSA #./ñȓł
'Ʈʔ	6*ÊĠʧ'BRɑǐ?�nv�˒BSA˓˒ 1 µM˓'ƫÉ=ɒ%���BSA # HSA 'Ê
Ġʧ(�:�: 66.3	66.2 kDa#˃Ļ&ʉ��0�	Fig. 3.16&ȍ�6�&?vfʤʡÌ4˃Ļ&
ʉ
	�ʟ'ʡÌ=ʷ�!./�Ɇ�9 18��'�3	ÊĠɴÎȪĠ'ŗȾɪ¨'�3&Ŀ
¥

<:!�9 19�ƫÉ'ȮƤ	MIP	NIP	MPC"' 1 µM BSA&69ȮðʯĖÞʧ(�:�: 5, 4, 
6 nm"�����:7'±(	NIP	6*MPC"' 1 µM HSAƫÉƏ'ȮðʯĖÞʧ#./�Ɇ

 
 

Fig. 3.16 DCV�Pƈ˄' SEM¸� 
Reprinted with permission from ref. Belatik et 
al., 2012. Copyright 2012 Public Library of 
Science. 
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�9��'�#
7	BSA(MP	NIP	MPC&ôȄ�%
���#Ȼ�7:9�0�	Ȯðʯ�
�:�:<�
&ĖÞ�!�9'(	őʧ'Z�iKɺ��:�:'t�u�ɏɁɕ˄&˃Ǩǹ

ôȄ�!�9�#&69#Ȼ�7:9��'6�&	MIP �ÊĠʧ	6*ňǩ'./Ȟ�� BSA
&69ȮðʯĖÞʧ�%
���#
7	MIP �ǕĦĬɵZ�iKɺ'ňǩ��"%
	ƵȾŗ
yfu�#˂ˀǾȁ�¤ǲ�9?vfʤ'¡Ⱥ&��!4ɴÎ�!�9#���#=ȍ��� 
 
3.6.4 MIP-DC%=!�}������xX 

hAFV�P&	�9 MIP 'ÊĠɴÎȪĠ#�!'Ɣę'Ïǟ#�!	ĬɵZ�iKɺ'ȹ8ʊ
�ǕĦ�ìȾ#��ǟ��9��:=ȍ��3&ñ�'MIP®ˍ DCV�P˒MIP-DC˓=ǲ�!	
1 µM HSA'ȹ8ʊ�ǕĦ=ɒ%���0�	PBS˒pH 7.4˓= 20 µL/min"őįǊʁ&Ǌ�	p�
T~A�=ƫÉ���ȱ�! 1 µM HSA = 20 µL/min "Ǌ�	RLc���Ħ#%��#�;"
HSA &69RLc�=ƫÉ�����!	ȩƾ&ďÞca�Bw˒1.0 M 	˓SDS˒0.1 wt%˓=ǘ

�	DC\]o= 12 hǍ�	HSA=ê8ʷ����:= 3þɒ%���Fig. 3.20& HSA'ȹ8
ʊ�ǕĦȮƤ=ȍ���:�:'ǕĦ"' 1 µM HSA &69ȮðʯĖÞʧ( 32, 34,34 nm "��
���:7 3þ'ǕĦ&69ȮðʯĖÞʧ'ĖÝªƄ( 3.4 %"����V�P&	�!	ȹ8ʊ
�ǕĦ�ìȾ"�9#1%�:9'(	ĖÝªƄ� 5 %��'Ə"�9#�:9 20�MIP-DC(Ė
ÝªƄ� 5 %��"����3	ȹ8ʊ�ǕĦ"'¥ǲ�ìȾ"�9�#�ȍ�:�� 
 
3.6.5 MIP-DC%=!�d^ �
qK�� 

MIP-DCV�P' HSA&Ĭ�9Şł	6*ƫÉʶǶ=ƿ39�3& HSA'ƫʧȵ=ƿ3��0.25, 
0.5, 1.0, 10 µM HSA"'ǕĦ=ɒ���Fig. 3.21& HSA'ƫʧȵ=ȍ���:�:'ǝł&	�
!	ȮðʯĖÞʧ( 4, 15, 33, 35 nm"�����'�#
7	HSA&Ĭ�9ǝł��8'Ȯðʧ
ĖÞʧ'Şł(	31 nm/µM"����0�	ƫÉʶǶ( 62.9 µg/ml"�����Ɗ 10 µM HSA"
'ȮðʯĖÞʧ� 1 µM 'Ə#./Ė<7%
���#
7	MIP-DC V�P'ƫÉ�ʶ( 1 - 10 
µM 'ʲ"�9�#�<
���ñ�Ʈʔ' SiN DC V�P=ǲ�!Ta�oa?kS�'ƫÉ=
ɒ%��ę�¬(Şł 60 nm/µM	ƫÉʶǶ 62.9 µg/ml"��� 12��'�#
7	MIP(kF\
�#Ƽʅ�!Şł( 50 %	ƫÉʶǶ( 9 °#%����:(kF\��Ta�oa?kS�èŔ
�˃Ļ&ņØ"�9�##	MIP 'Z�iKɺôȄȾØ�ũ£%$#Ƽʅ�!Ņ��#&ɽÿ�
!�9#Ȼ�7:9�0�	HSA'ɨƈ&œɛ%ƫÉŞł 25 µg/ml &(ç)%
����'6�
&	MIP (˃Ļ&¹:�ʞŬŗ	6*ȹ8ʊ�ǕĦȾØ=ȍ���	Z�iKɺ'ôȄȾØ&ú
ˉ��9�#�<
���ƷȚ"( MIP 'ôȄȾØ�ɿ=V�P'Ɓû&69ˑŞłÞ&6�!
ɡǀ�9�#=ƫɥ�!�9� 
 
3.7� �	� 

MIP # SiN DC V�P=ȭ1ð<�9�#"	ȹ8ʊ�ǕĦìȾ%hAFV�P=ħǬ���
BPM/FEMǃ&69Rv|��R}�
7MIP-DCV�P'Şł�Ɣę#%96�&Įǅʁīǃ	
6* MIP Ɂä'ƔʛÞ=�	Z�iKɺǝł#ȮðʯĖÞʧ'ʲ&ȵňŗ��9�#=ȍ���
MIP	NIP	MPC ®ˍ DC V�P"' HSA	6* BSA 'ǕĦ68	MIP "' HSAǕĦ"'1R
Lc��Ŏ7:��#
7	MIP 'ˑ�ʞŬÑ�ȍ�:��ñ� MIP-DC V�P&69ȹ8ʊ�
ǕĦ"(	ĖÝªƄ� 3.4 %#	5 %��"����3	ˑ�ȹ8ʊ�ǕĦȾØ=ű�!�9�#
=ȍ���HSA&Ĭ�9Şł( 31 nm/µM	ƫÉʶǶ 62.9 µg/ml˒HSAǝł&ŻȠ�! 950 nM˓
"�9�#=ȋɭ��� 
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Fig. 3.17 DCV�Pɕ˄,'®ˍÓŌ"'ȮðʯĖÞʧ�kF\�&69`�Z(ƜȇȖĨ'
ę�¬&694' 1� 
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Fig. 3.18 MIP	6* NIP�®ˍ�:� DCV�P=ǲ�� HSA˒1 µM˓'ƫÉȮƤ�Ȯðʯ
'ĖÞʧ(	ǕĦƏʲ 0 s"'Ȯðʯ
7'ĖÞʧ#�!�9� 
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Fig. 3.19 MIP	NIP	MPC®ˍ DCV�P"' 1.0 µM HSA	6* BSA'ǕĦȮƤ��:�:
'ǕĦ( 3þ��ɒ<:�� 
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Fig. 3.20 ñ�' DCV�P=ǲ�� 1.0 µM HSA'ǕĦ�ǕĦ(˖þɒ<:��L~m�'ǟ
ȵ(p�T~A�# HSA'ƫÉRLc�=ȍ�	�:�: 0 - 200 s	700 - 900 s"'?Bao
]aRLc�'Ľć±"�9� 
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Fig. 3.21 ñ� DCV�P"' 0.25, 0.5, 1.0, 10 µM HSA'ǕĦ�1.0 µM0"(Ȯðʯ#ǝł&
ȵňŗ��9� 
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S 4R 
��!'$7.=M`�*[� MIP
�V6 

�
4.1 ���� 

İŽ�$ SiN ëŉƶMsG#�1!3Ǧďü¹#�."�MsGƝǞ"ÌįŬ!Ƌź�1!3>
:dup#ĀĐ�4�>:dupÕëŉƶǧAHWǨMsG#ļƄ7Ƭ,���#�.#äǥ��
��ġ�ƧƁ"03AHWMsG#×İşČ#ƫ�7É-SZ;KƩƧ�SZ;K�Ɵ�¡¢êä
ǥƈķ"���ƿ(3� 
ſ 1 Ž�ƯĦ��0�"�vƘŬ!ëŉƶMsG�$ëŉƶƝǞ"ĸ,ª��>ZXQMsT

Ù7MsIsD"ť���3�����>ZXQMsTÙ$ëŉƶ¥Ǌ7�ğ�3¡�Ņƺ��

ÿü$ 10 «# 1 �y��3�ſ 2, 3 Ž�ť�� DC MsG$ëŉƶǔBkQa"���ǃõ# 3
�ŷü#ÿü#>ZXQMsTÙ	�3��# DC MsG� MIP #Ƈ,Æ6�"02�ƐƔ�0
&ƒƔūč#fuAuOs[CƲ��3\TƚŒ:p`gsǧHSAǨ#ŕã"Đ´��ŭŬ��
��ƌ2ƾ�ŕãÄƑ!Z;@MsG7äŢ�������HSA#ĻªǗŨ	24.9 µg/ml��HSA
#ƕú"Ċơ!ĻªǗŨ 20 µg/ml 7ǇĐ�
!����+��MsGǑ$ 406 µm �ŭľ��3
100 µm# 4�#Ǒ�#SZ;K7ť��#äǥ���������İŽ�$ SiNëŉƶ#MsG
ǠÖ">:dup7ĀĐ��02¡#ÿü#Ǧ�ëŉƶ¥Ǌ7MsIsD"ť�3���MsG

#Ǧďü¹7Ƭ,��AHWMsG�Ǣ���ļǅ" 1ł�_?TWQCƈĪǧ1D PhCǨëŉƶ	
�3�>:dup	ëŉƶ¥#¡7Áê��3 1D PhC �#ǈ�$�AHW �$�ğ¡7ǂǆ�3
0�"ǋ¬��Ś��3� 
 
4.1.1 ������UH=M` 

_?TWQCƈĪëŉƶ$�~"IoFsıĢ7ť��ÌįŬ!>:dup7Ǔ
3���¡7

�ğ��3/#���#�#øǞëŉƶ�ÇĽ"¡ǃ�«Ǎ"���Ã��1ŲŻ�4�
� 1�

ŢÒƝǞMsG���ĭ/0�ť�14��3#$ 2ł�_?TWQCƈĪ��3 2-4�Fig. 4.1"
�#ļǅ7ŵ��Si ! #ëŉƶıĢ"¡#ëŉǠÖ�Ü"ÌįŬ!>:dup7ĀĐ��/#
�!���3�_?TWQCƈĪëŉƶ#şĈ����ǃõ#ëŉƶ�$ 1-5 üŷü��3ī	2

 

 
 

Fig. 4.1 (a) nc��� (b) H��A 60 s� 2VO-�)+'�M\uv�� SEMg 2  
Reprinted with permission from ref. A. Lavrinenko et al., 2004. Copyright 2004 Optical Society 
of America. 
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Ƥ7 90 ü�x"�
3! #Ǧ�¡ëŉČƑ	�3��4"02�śǤ!KcuK7Ű
Fs[
CT!MsG7�ƟÄƑ���®Ś	�3��#ÁǞ�ǝõ"Ǧü!ćƅµñēƜ7ơ�3��

�ŁŚ	���	�ƽù#ćƅµñēƜ#Èx"02�Ɵ$åħ"!��
��3�İŲŻ��

Ɵ��>:dupÕëŉƶ$ Fig. 4.2"ŵ�� 1ł�_?TWQCƈĪëŉƶ"ļǅ	ƽ� 5-7�Ð

"ŵ��0�"�ǃõ#ëŉƶļǅ#¥Ǌ"ÌįŬ!>:dup	v¬"|8��3��#0�

!ëŉƶ¥#Ìįļǅ$�ğ¡7Áê�3�ť7Ę��.�ëŉƶ¥#gnuļǅ����ť�

4��3�+��Áê�ť7Ę�>:dupǋ¬7ǩ�È��Æ6�"|(3���¡#ÝǌÁ

ê7ƴ���ëŉƶ¥Ǌ#vŚ'#ÿ³!¡#ǒ�Ƽ.7®ť���¡^sMQT���#ċť

�/ØË�4��3 5��#0�! 1D PhC ëŉƶ�#¡#Áê$`nQDgnuļǅ�ÇĽ#¾
Ť�ƴ����3�`nQDgnuļǅ�$�Fig. 4.3(a)"ŵ�0�!îĖš#Ū!3 2 ŸǢ#ƙ
Ɠ	��"Ź,ǌ!��ļǅ��3�1D PhC ëŉƶ�$�>:dup	�îĖšï�ëŉƶǊ«
	ǦîĖšï���ŀƑ���3��3şã#ŉǑ#¡7�41#ÝïƓ'¢ê�3���4�

4#ƙƓŨǞ�#Áê¡�¢ê¡#�ů	ĝ��Ē�Ŏ������ǂǆ¡ÿü	Ŕí��Áé

"Áê¡ÿü	ÚÞ�3��4�Ü#ŉǑ�$�ů$ĝ6!��.�¡$ǂǆ�3ǧFig. 4.3(b)Ǩ�
1D PhC ëŉƶ�$¡	Áê�30�"ŉǑ�>:dupG;L�0&ǔǙ7Ʃã���3�İŲ
Ż�$ǁ"�¡	ǂǆ�30�!ǠÖ"Ʃã�3��7Ə��� 

 

4.1.2 "$�#'�iMMIj@N] 

MMI#MsGǠÖ#ëŉƶö$vƘŬ"¼vjuUëŉƶ#ö w# 2 ��x�!3ļǅ7���
3��4"02�MsGǠÖ"��� 1łjuU�x#ǦłjuU	¶ƴ�3�+��DCMsG
�ÇĽ"MsGǠÖ#{ž"¢³�0&ª³ť#¼vjuUëŉƶ	ƈÆ���3ǧFig. 4.4Ǩ�İ
ŲŻ�$ 2�#�ğjuU#¶ƴ�3MMI7buK��� AHWMsG#ļƄ7Ə�3�0���
MsGǠÖ�#ëŉƶö$ 2w����¢êťëŉƶ¥Ǌ7�ğ�3¡ !in(%) $ MMI#MsGǠ
Ö�Ơġ#ǦłjuU !'(%) "«ð�3�MMI#MsGǠÖ#�ğ¡$ł#ý�Ɲ�43� 
 

!(%) =)*'!'(%)
'

 (1)  

 
����i $juUłġ�ci $¶ƴãġ��3�MsGǠÖ�#�Å�ğjuU$�ğǄü	Ū!

3��#ĩ#�ğǄü$MsGǠÖÌƻ#îĖš"�â�3�¡ëŉƶ¥7�ğ�3Ū!3�ğ

  
 

Fig. 4.2 (a) 1VO-�)+'�M\uv�%6" SEMg (b) qxP#/15�#26 5  
Reprinted with permission from ref. S. Manda et al., 2010. Copyright 2010 American Chemical 
Society. 
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Ǆü#Ơġ#juU	÷œ7ƴ����ůÛ¹"�3���ǛŴÙ«ô$Û¹�3��41#Ơ

ġ#juU	£� 2π �ůÛ¹7��ĩ"¢êĩ#¡ÿü«ô�ÇĽ#«ô"đ3��#0�"¡
ÿü	¢êĩ�vƗ�3+�"Ċơ!�ğƵǚ7ƖóĕāƵǚ�����#0�"¡ÿü«ô	

¢êĩ�vƗ�3O;gsD$ÌįŬ"ƨ43�ƖóĕāƵǚ d $łý�ãƎ�43]uTǑ Lπ
# 3/4��3� 
 

+, =
-

./ − .'
= 1
2eff,	0 − 2eff,	'

 (2)  

 
����bi $juU i #�ğãġ7�neff, i $ƀ�îĖš7Ɲ��DC�ÇĽ"�4�4# �ğju
U#ƀ�îĖš$ÌƻîĖš"�â�3�0���]uTǑ$ÌƻîĖš#Û¹ǎ7ÁĨ��ê

3�Ə�143�İŲŻ�$×ûjuU�0& 1łjuU#,	¶ƴ�3 MMI7 AHWMsG#
buK����3��#0�!ÙÆ$�ýǧ2Ǩ7 i = 1��3���]uTǑ7Ň.3��	�

3�+��]uTǑ$ƈÆǑ#»«��2�Lp = 2Lc �Ɲ�3� 
 
4.1.3 ��!'$=M`(AHW)�&� 

İŲŻ�$�±Ư�Ɔ��� 2juU¶ƴ# MMIMsG7×İļǅ��� AHWMsG7ť��
ǧFig. 4.5(a)Ǩ�ſ 2�3 Ž�$ 2 İ#ëŉƶ7 150 nm +�Ĝƽ���ļǅ�1!3 DC MsG7
ť����4$�ëŉƶǔ#BkQaǊ«"¶ƴ��ÿ�>ZXQMsTÙ7MsIsD"ť�

3��7ŭŬ���ļǅ�����AHW MsG�$�>:dup¥Ǌ"02ÿ�>ZXQMsT
Ù	¶ƴ���3ǧFig. 4.5(b), (c)Ǩ��#�.�BkQaǊ«$Ċơ!��-�5>:dup#
ƩƍÄƑǞŹ7Š.3�
#âÒ�!3��#0�!ŤŦ�1�İŲŻ�$BkQa	!���

� DC �ÇĽ"MsGǠÖ"��� 2 juU	¶ƴ�30�! MMI 7×İļǅ����3�ſ 2
Ž�/ƿ(�0�"��ğ¡$ƖƷ#ŉǑ# 20«# 1 �x#©¨ļǅ	âÒ�3�
Ġ�¡�!
���+��AHW MsG�$MsGǠÖ"ŮĂ 100-200 nm #>:dup7ĀĐ�3��4"0
3¡Ġ�#āǟ7ƹŔ�3�."��ť�3ŉǑ702Ǒ� 1.31 µm���� 
 
4.2 AHW�&��E-]T�
�^] 

İƂ�$�MMI ÷œƧ7×İļǅ��� AHW MsG#IglquImsƧƁ"03MsGļǅ

ƩƧ�0&şČƫ�"���ƯĦ�3�ġ�ƧƁ$ǛŴŨ«ôƥĶN_T<=:RSoft "É+43
jSosDN_T RSoft CAD�0& FDTDƧƁťN_T FullWAVE7ť��äƛ�4��AHWM
sG�$�>:dup"���¡	ÝǌÁê�!	1�ğ���������BPMň�0& FEM
ň�$�#¾Ťx¡#Áê7ƧƁ�3��	�
!�ǧ¡$Áê��ĩŚ�ŎŘ�3�,!�4

3Ǩ�0���İŽ�$ FDTDň#,7ť��ƧƁ7ƛ��� 
 
4.2.1 SiO2Y4�abP�f, 

İŽ�$�ťŉǑ702Ǒ� 1.31 µm �����4"02�yǊCnQU# SiO2ï'#¡#ĸ,

ª�Ƶǚ	�&3��	�Ď�43�ſ 2�3 Ž�$½� 1.0 µm # SiO2ƙƓ7�ǣ����	�

ŉǑ 1.31 µm#quHu¡$�ğ�!���	6�����4$�SiO2ï'ĸ,ª��¡	02î

Ėš#Ǧ� Si ï'¯Ǉ����	¾Î��3�Ə�3�¡$02îĖš#Ǧ�ıƲ7�ğ�3�
.�SiO2Ɠ½	ƙ��3� SiNëŉƶ'¢ê��¡	 Siï'�Ŷ���+����� SiO2Ɠ½�

Siï'#�ğ¡#ŋªǎ#Ǖ�7ƧƁ�Ň.��ƧƁjSp����ö 800 nm�Ǧ� 300 nm�£
Ǒ 100 µm# SiNëŉƶ�yǊCnQU# SiO2ï�Ɠ½ 1 µm# Siï7ť���SiO2Ɠ½7 0.5�
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0.8�1.0�1.5�2.0�3.0 µm ���ǂǆš7Ň.�ǧFig. 4.6Ǩ��4�4# SiO2Ɠ½"���ǂǆ

š$ 1.0 × 10-5�8.0 × 10-2�0.50�0.95�0.98�0.99�����+���ğĞß$�4�4 50�11�
3.0� 0.21�0.07�0.06 dB������41#ƈķ�1�İŲŻ�$ SiO2Ɠ½7 2.0 µm���� 
 
4.2.2 AHW�3(#'�I) 

AHW ëŉƶ$>:dup#āǟ�ëŉƶ#øÓîĖš	�y�3��	�Ď�43�+��>:
dup"03¡Ġ�#āǟ7ƹŔ�3�." 1.31 µm�02Ǒ�ŉǑ7ť���>:dup#ĀĐ
�4� SiN ëŉƶ#¼vjuUĲ�7ƧƁ���ƧƁ$�Ǧ� 300 nm�ö 0.4�0.6�0.8�1.0 µm
# SiNëŉƶ#ƝǞ"dupŮĂ 150 nm�dupǔǙ 200 nm#>:dup7v¬" 2����60
¬ǧ£Ǒ 200 µmǨǋƍ��ļǅ�ƛ����#ĩ#�4�4#¬$»Ìį����"�1��ǋ
ƍ���ƧƁ"ť�� FDTDň$Į·îĖš#ƧƁ	ƛ�!��.�AHWëŉƶ'#¢êǦÿü
��>:dup>o:7�ğ��ă#�ğ¡ÿü#ò�1ǂǆš7ƧƁ��Ņƺ�3����ğ

juU	¶ƴ���3��7ųƭ���¢ê¡#ŉǑ$ 1.31 µm ����Fig. 4.7(a)"ëŉƶö"
é�3ǂǆš7ŵ���ëŉƶö 0.4, 0.6, 0.8, 1.0"�
3ǂǆš$�4�4 0.32, 0.82, 0.91, 0.92�
�����x#ƈķ�1�ëŉƶö 0.8 µm�x�IsDpjuU	¶ƴ���3�­ģ���Fig. 
4.7(b)"ö 0.8 µm�Ǧ� 0.3 µm�£Ǒ 40 µm�AHǠÖ 20 µm# AHW#ģǞÐ7�Fig. 4.7(c)"�
ğ�3¡#ǛÙÿü«ô7ŵ��+��ëŉƶö7 2 ����ĩ"×ûjuU�0& 1 łjuU
	¶ƴ���3��7ųƭ�3�."�>:dup#ĀĐ�4�ö 1.6 µm#MMIMsG'#¡�
ğ7ƧƁ���Fig. 4.7(d)"ƈķ7ŵ����#�ğjuU#÷œ"03ÌįŬ!ǛÙÿü#Ŷ2
Û62	ųƭ�4���#���1�ö 1.6 µm#AHW$ 2juU7¶ƴ�3��	ųƭ�
�� 
 
4.2.3 ��!'$c1^]�
� AHW�&��^] 

AHW MsG�$>:dup#ǋ¬"0����ğ¡$>:dupǠÖ"���Áê/��$ǂǆ
�3�İŲŻ�$>:dupǠÖ"���¡	ǂǆ�30�!ǋ¬7IglquIms"0��

Ň.��Fig. 4.8(a)">:dupŮĂ�0&ǋ¬#ǈ�"03ǂǆš#ƧƁƈķ7ŵ��ƧƁjS
p�$�>:dup#ŮĂ7 20 - 260 nm# 13ǃ2���ǋ¬7wƤĹàǋ¬�0&ŃĤĹàǋ¬
�����4�Ü#[niuO$¼vjuUĲ�#ƧƁ�ÇĽ����ƧƁ02�wƤĹàǋ¬

�$dupŮĂ 100�140 nm ��ŃĤĹàǋ¬�$dupŮĂ 100�200 nm "���ǂǆš	ƽ
�#dupŮĂ#ĩ�Ņƺ����!���2�>:dup#`nQDgnu·ķ	ƴ����

3�Ə�143�+�� �1#ǋ¬"���/dupŮĂ	 180 nm�x"!3�dupŮĂ	
Þ
�!3) ǂǆš	Ŕí���3��4$�>:dupæü#xĥ"02ëŉƶ#øÓîĖ

š	�y��×ûjuU#¶ƴĲ�7Ŗ��!�!���.��3�Ə�143�İŲŻ�$�

>:dupæü	Ǧ��ǂǆš	ŅƺŬÞ
�wƤĹàǋ¬7Ěť��>:dupŮĂ7 160 nm
����Fig. 4.8(b)$>:dupǔǙ�ǂǆš#Ǖ�7ŵ��ƧƁ$>:dupǋ¬7wƤĹà�
>:dupŮĂ 160 nm���>:dupǔǙ7 0 - 260 nm# 13ǃ2�ƛ���>:dupǔǙ	
200 nm �y�$�ǔǙ	Š�) ǂǆš	Ŕí���3��4/>:dupǔǙ	Š�!3"�
4�ëŉƶ#øÓîĖš	Ŕí��×ûjuU#¶ƴĲ�7Ŗ��!�!���.��3�Ə�

3��#ƈķ02�İŲŻ�$>:dupǔǙ7 200 nm���� 
 
4.2.4 �&��_?>DP�U6e82d�f, 

ƧƁ02AHWMsG#Os[CƲï"é�3ďü7Ąĳ#DCMsGÀ&>:dup#!�MMI
MsG#ďü�Ņƺ���ƧƁ�$�DCMsGÀ&MMIMsG#ëŉƶö$�4�4 800 nm�
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1.6 µm���ëŉƶǦ�$ 300 nm����DCMsG#BkQaǔǙ$ 150 nm����AHWM
sG$ MMI MsG�ÇĽ#èň#ëŉƶ7ť��ŮĂ 160 nm�ǔǙ 200 nm�ǋ¬wƤĹà��
��£�#MsG$£Ǒ 100 µm����Fig. 4.9"�4�4#MsGƝǞ'#Os[CƲïǧ½�
10 nm�îĖš 1.47ǨÊű"��ƈÆǑ#Û¹ǎ7ŵ��AHW�MMI�DC#ƈÆǑÛ¹ǎ$�4
�4 243�32�31 nm�����MMI� DC�$ƈÆǑÛ¹ǎ)*Û61!����AHW#ƈÆ
ǑÛ¹ǎ$>:dup7ĀĐ�3��"0��ÚÞ���AHW � MMI "é��ÇĽ#ƧƁ7O
s[CƲï#îĖš7Û¹���ƛ��ǧFig. 4.10Ǩ�AHW � MMI #Os[CƲï#îĖš"é
�3ďü$�4�4 194�24.4������x#ƧƁ02�>:dupĀĐ"02Os[CƲ"é
�3ďü$ 7.6�"ÚÞ�3��	6���� 
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Fig. 4.3 (a) 1VO-�)+'�M\uv�%6" SEMg (b) qxP#/15�#26 5  
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Fig. 4.4 MMI�(a)]�`�%6"�9�rW?{y�(b)Ep0�*�1V0�*�9k�`  
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Fig. 4.5 (a) AHW%6"�@�`  (b) AHW���.�4k�` (c) Z��MMI%6"�%
6"�9�k�`  
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Fig. 4.6 SiO2;e�3'*�~Q|<�j
�z 0.8 µm� AHWuv��t>�  
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Fig. 4.7 (a) ��.�4uv�z�t>��DJ  (b) #/15�#260(4�k�` (c) z
0.8 µm���.�4uv��qx
�P�r^Gs{y (d) z 1.6 µm�MMI�E}Rh�
	
 AHW%6"�qx
�Pr^Gs{y  
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Fig. 4.8 (a) ��.�4w������.�4nK�t>��DJ  (b) A��.�4CB�t
>��DJ  
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Fig. 4.9 AHW�MMI�DC%6"��&6,�XeFl�MSm�DJ�LTM=  
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Fig. 4.10 AHW�MMI�8��&6,�Xe�Ib��MSm�DJ�LTM=  
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4.3 ;hGL 

4.3.1 AHW�� �%���� 

İƂ�$ AHW PQa#q;:<T"���ƿ(3�!��AHW MsG#�ƟĤň"���$ſ
3Ž# SiN DCMsG�ÇĽ��3�.Űũ�3�ƋĿ 22 mm × 10 mm#PQa¥" 4ŸǢ# AHW
MsG� 1ŸǢ# MMIMsG7�4�4 4 İ���ÆƧ 20 İ7ǋƍ���AHW $ëŉƶö 1.6 
µm�Ǧ� 300 nm�MsG£Ǒ L = 100�300 µm�>:dupŮĂ 120�160 nm�ǔǙ 200 nm��
��MMI$ AHW�ÇĽ#èň����ſ 3Ž# SiN DCMsG�ÇĽ"¢êtªêťëŉƶ"ǀ
¡ǘ¿#�.#ÔŮ!KoQT:q;ļǅ7ĀĐ��� 
 
4.3.2 .:;hZW 

AHW MsG#ČƑƫ�#�."�ƳÜƊquHuǧŉǑ 1.31 µmǨ#¢êäǥ7ƛ!����Ɵ
�� AHW�0&MMIPQa#{Ǟ7²Ǔ��ëŉƶžǞ7ǜª���ö 4 mm�Ǒ� 20 mm#
żƴ#���ÑãÍ¤# ž"PQa7Ʊ2�
�6ƸKRuJǧIDf¡ŀǨ"Ñã���ª³
ÿü 4 mW#ŉǑÄÛquHuǧCL-200/210 SantechǨ7 1.31 µm"Æ6���¡ĵ"0�� TE�
¡����qsL�
 ţ_9;Zuǧ�¸Ƶǚ 7 µm�KeQTĂ 2.8 µmǨ'quHu¡7ë¢
��PQažǞ#¢êťëŉƶ"ŜŚ7Æ6���PQa#�ƍÆ6�"$ 6 ƸKRuJxǊ"
Ʃƍ�4�ǡćǐIKRh���4"ĜƉ�4�_9;ZutYrEs¡ŝĦƞƍǧMega Light 
100 SchottǨ�0&ƳÜƊAinǧC-2741-03 ōĴdTWCKǨ7ť���ªêťëŉƶ�1#I
DVp¡$ƳÜƊAin7ť��Ain°ĆƞƍǧC-2741-01 ōĴdTWCKǨ7���ƣŕ�4
��+���#Ĩ�$ D/A FsZuOu7��� PC 'Â2Ƽ8��ſ 2�3Ž�ÇĽ"IDVp
#ŧ�$ŧ�ƥĶN_T��3 ImageJǧNIHǨ7ť��ƥĶ����4+�$IDVp7ªêť
ëŉƶžǞ�1Âą�����İMQT:Qa�$�ªê¡#Âąť#¡_9;Zu	Çĩ" 2
İƩƍ�
!�������Ĭĺ���xǊ"Ʃƍ�4�ƳÜƊAin7ť��IDVp7Âą

���¡ÿü$�ªê¡#}ĉ�1»Ă 10 µm#¦¥#øÓ����� 
 
4.4 UJ�X< 

4.4.1 *[�� AHW�� �\< 

�Ɵ�� AHW MsG7²Ǔ��MsGǠÖģǞ7 SEM
"0��ƣç��ǧFig. 4.11Ǩ�SiN ëŉƶ$Ǧ� 304 
nm�xƻ#ö 1578 nm�yƻ#ö 1640 nm�Ru[uƤ
5.9 ü�����>:dup$xƻ#ŮĂ 183 nm�yƻ
#ŮĂ 141 nm�Ő� 270 nm�Ru[uƤ 4.5 ü���
��>:dup¥�#>QPsD#Ő�$ëŉƶ#Ü�

�Ņƺ�� 10 %ì����4$¦Ā#>:dup[Ou
s#Ĥ	ŮƊ�1!3ëŉƶ�Ǟ[Ous�Ņƺ��Ǟ

Ź��2"¯Ǉ�3>QPsD;@s	í!��.��

3�ëŉƶö�0&>:dupŮĂ#xƻ�yƻ#øÓ

�7Â3��4�4 1609 nm�163 nm�����ƩƧ��1#Ʈò$�4�4 0.5, 1.9 %+�Ĕ�
3��	�
��ëŉƶǦ�$ 304 nm ��2�SiN ï#,7>QPsD�
�	�>:dup¥
$ 10 %SiNï	ń��� 
 
4.4.2 AHW�&���$�>DP nclad+9B 

 
 

Fig. 4.11 AHWMsGģǞ# SEM� 
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ZpCîĖš"é�3 AHWMsG#ďü7 SiN DCMsG�Ņƺ���ſ 2Ž�ÇĽ" AHWM
sGPQaƝǞ"�ö 600 µm�Ǧ� 200 µm#ćìŋƶ7þ2Æ6���ņ7 20 µl/min�ŋ���
ł" 20 mh/mlDpFuKŗŏ7 20 µl/ml�ŋ���400 să"§&ņ7ŋ��MsGƝǞ7ŊŌ�
��20 mg/mlDpFuKŗŏŕãƈķ7 Fig. 4.12(a)"ŵ��DpFuKŗŏ#őµ�1 200 s�I
DVp	vã"!3��	6����§&ņ7ŋ����IDVp	�#bupn;s+�đ�

��ÇĽ#ŕã7DpFuKřü 10�20�30�40 µl/ml �ƛ!��DC MsG�#Ņƺ7ƛ��
ǧFig. 4.12(b)Ǩ�AHW�DC MsG#DpFupřü"é�3ƢĹ¹¡ÿüÛ¹ǎ#ďü$ 4.1�
2.3 ������x#ƈķ02�AHW MsG$ZpCîĖš"��� DC MsG�Ņƺ��ďü
	 1.4�"Èx����7ŵ��� 
 
4.4.3 MIPY4�U6e�f, 

ſ 3 Ž�$IglquIms02ëŉƶMsG'�ǣ�3 MIP #Ɠ½$ƙ�) ďü	x	3�
�7ŵ����#�.�MIPƓ½$ǏÕ«à��3 HSA#£Ǒ��3 7-8 nm�Çŷü��3�.
"�ǌÆĩǔ7 1 h���7.3 nm#MIP7ą��AHWMsGƝǞ"ǌÆĩǔ 0.5�1.0�2.0 h��
� MIP 7�ǣ��IglquIms�#vƗ7ư(��AHW MsG$>:dupŮĂ 160 nm�
MsG£Ǒ L = 100 µm#/#7ť����41#MIP�ǣ AHWMsG7ť�� 1.0 µM HSA#
ŕãƈķ7 Fig. 4.13"ŵ��ǌÆĩǔ 0.5�1.0�2.0 h�ĐƓ��MIP# HSA"é�3ƈÆǑÛ¹
ǎ$��4�4 16�52�26 nm�����ǌÆĩǔ 1.0�2.0 h#ÙÆ7Ņƺ�3��02Ɠ½#ƙ
� 1.0 h#Ĥ	 HSA"é�3ďü	 2���3��	6�3�+��0.5 hǌÆ#MIP	ĭ/ďü
	������4$MIPƓ½	ǏÕ«à��3 HSA�y�!���.�Êűá#ĀĐ	zº«�
���.�Ə�3��x02�MIP Ɠ½$Êűá	ĀĐ�43ƃÏ¥��4%ƙ�) Ǧďü�
�3��	ŵ�4���4�ǖ#äǥ�$ǌÆĩǔ 1 h#MIP7ť��� 
 
4.4.4 AHWCA���!'$�
	�&�/e+9B 

AHW MsG$�#¾Ťx>:dupæü	Ǧ�) Ǧďü"!3�Ə�143�>:dup#M
sGďü"é�3āǟ7 Fig. 4.14"ŵ��>:dupŮĂ 120�160 nm�MsG£Ǒ L = 100�300 
µm#Ƨ 4ŸǢ# AHWMsG��MsG£Ǒ L = 300 µm#MMIMsG7ť���1.0 µM HSA#
Ļª7ƛ!���İäǥ�$MsG£Ǒ#Ū!3MsG#Ņƺ��3�.�Ļªƈķ#Ņƺ"$

�ůÛ¹ǧ8	 = 	 sin:; <=>Ǩ7ť���L = 300 µm�>:dupŮĂ 120�160 nm # AHW MsG
�MMIMsG#�ůÛ¹ǎ ∆	8$�4�4 4.4�8.9�0.6 ǧ× 10-2 × 2πǨ�����>:dup#
ŮĂ	 160 nm #ÙÆ�120 nm #ÙÆ�Ņƺ��>:dup¥Ǌ#ƝǞŹ$ 1.36 �"��!1!
������HSA"é�3ďü$ 2�"!���3��4$�120 nm�$dupŮĂ	ì���
� HSAŗŏ	�+�¥Ǌ"¢1!����.�Ə�3�>:dupŮĂ 160 nm# AHWMsG�
MMIMsG7Ņƺ�3��HSA"é�3ďü	 13�"ÚÞ���3�AHWMsG$>:dup
#ĀĐ"02�MMI MsG�Ņƺ��MsGǠÖ#ƝǞŹ	 1.7 �"ÚÞ���3��#���
1AHWMsG#ďüÚµ$ƝǞŹ#ÚÞ�
�!��ÿ�¡ÿü7Ę�ëŉƶ¥Ǌ7MsIsD
"ť���.��3�Ʀ�3�MsGǑ 100 µm�>:dupŮĂ 120, 160 nm # AHW MsG#

HSA"é�3�ůÛ¹ǎ$�4�4 1.1, 1.6ǧ× 10-2 × 2πǨ�����MsG£Ǒ	 3«# 1#MMI
MsG� 160 nm # AHW MsG7Ņƺ�3���ůÛ¹ǎ$ 2.7 �������ǖ#äǥ�$>
:dupŮĂ 160 nm�L = 100 µm# AHWMsG7ť��� 
 
4.4.5 AHW�&��CA�
	K0gQ 
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Fig. 4.15" L = 113 µm# DCMsG� L = 100 µm# AHWMsG# 1 µM HSA"é�3ƈÆǑÛ¹
ǎ7ŵ��DC�AHW MsG#ƈÆǑÛ¹ǎ$�4�4 43�154 nm ������#ƈķ�1�
AHWMsG�$�DCMsG�Ņƺ��HSA"é�3IDVp	 3.5�"ÚÞ����	6�3�
MMI�AHWMsG# HSA"é�3ǉėČ7ŵ��." 1 µM BSA#ŕã7ƛ!���Fig. 4.16"
L = 113 µm DC�300 µm MMI�100 µm AHWMsG# 1 µM HSA�0& 1 µM BSA"é�3ƈÆǑ
Û¹ǎ7ŵ��DC�MMI�DCMsG# HSA"é�3ƈÆǑÛ¹ǎ$�4�4 43�36�154 nm�
BSA"é�3ƈÆǑÛ¹ǎ$ 4.6�17�14 nm������x#ƈķ�1�MIP	 AHW�MMIM
sG�#Ƈ,Æ6�"���/�DC MsG�ÇĽ" HSA "é��Ǧ�ǉėČ7ŵ���	6�
���AHW�MMIMsG# HSA"é�3ďü�0&ĻªǗŨ7Ň.3�." HSA#ĻǎƊ7Ň
.��Fig. 4.17" HSAřü 0.1�0.25�0.5�1.0 µM�# DC�MMI� AHWMsG#ƈÆǑÛ¹ǎ
7ŵ��Dn_02�DC�MMI�AHW MsG#ďü$�4�4 43�21�154 nm/µM�ĻªǗŨ
$ 62.9�21.9�20.4 µg/ml������#���1�AHW#ďü$ MMI# 7.3��DC# 3.6�"
Èx��ĻªǗŨ$ MMI# 93 %�DC# 32 %+�y�3��"Đ´���MMI#ĻªǗŨ	Ņ
ƺŬ��#$�MMI MsG#MsG£Ǒ	 300 µm ��DC�AHW �Ņƺ�� 3 �Ǒ��.��
3��x#ƈķ02�>:dup#ĀĐ"02�ƝǞÊűŞƲ"é�3ďü�0&ĻªǗŨ	Þ

ö"Èx�3��7ŵ�������DC MsG�$ǇĐ�
!��� HSA #ƪģ"Ċơ!Ļª
ǗŨ 25 µg/ml7MsG£Ǒ 100 µm# AHWMsG�ǇĐ�
�� 
 
4.5"���"

2 juU MMI 7buK��� AHW MsG7�Ɵ��MIP �Ƈ,Æ6�3���MsGďü�0
&ĻªǗŨ#Èx7ŭę���FDTDň"03IglquIms"0�� 2juU# MMI7bu
K��� AHW MsG#>:dup	�ğ¡7ǂǆ��æü	ĭÞ�!30�!ǋ¬7ě���

AHW#¼vjuU�0& 2juU�!3ëŉƶö7ě���ƩƧ�� AHW#Os[CƲï"é
�3ďü	 MMI �Ņƺ�� 7.6 ��!3��7ƧƁ02ŵ���DpFuKŗŏ#ŕã�1�
AHWMsG#ZpCîĖš"é�3ďü	�MsG£Ǒ L	 4�# DCMsG�Ņƺ�� 1.4�
"Èx�3��7ŵ���ǌÆĩǔ#Ū!3 MIP 7 AHW MsG"�ǣ��Ɠ½	ǏÕ«à��

3 HSA�x��4%Ɠ½	ƙ�) HSA"é�3ďü	x	3��7ŵ���BSA� HSA�#
ŕãƈķ7Ņƺ��AHWMsG"�ǣ�� MIP	 HSA"é��ǉėČ7Ę���7ŵ���DC
ǧL = 113 µmǨ�MMIǧL = 300 µmǨ�AHWǧL = 100 µmǨ7ť�� HSA#ĻǎƊ7ŕã����
4�4#ďü$ 43�21�154 nm/µM�ĻªǗŨ$ 62.0�21.9�20.4 µg/ml�����AHWMsG#
ďü7 MMI# 7.3��DC# 3.6�"Èx�ĻªǗŨ7 MMI# 93 %�DC# 32 %+�y�3��
"Đ´����x02�DC MsG�$ǇĐ�
!��� HSA #ƪģ"Ċơ!ĻªǗŨ 25 µg/ml
7İŽ�ļƄ��MsG£Ǒ 100 µm# AHWMsG7ť��ǇĐ�
�� 
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Fig. 4.12 (a) AHW%6"� 20 mg/ml 4!�$�:�io  (b) AHW�DC%6"� 4!
�$�:�N�c  
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Fig. 4.13 8��[SUC����Sa	
MIPY_ AHW%6"��� 1.0 µM HSA�io  
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Fig. 4.14 ��.�4nK 120, 160 nm�%6"dm 100, 300 µm� AHW%6"�%6"dm
300 µm�MMI%6"� 1.0 µM HSA�j
�7f|<�  
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Fig. 4.15 DC%6"� AHW%6"� 1 µM HSA�j
�MSm|<� DC�AHW�%6"
dm����� 113, 100 µm  
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Fig. 4.16 DC�L = 113 µm��MMI�L = 300 µm��AHW�L = 100 µm�� 1 µM HSA���
BSA�j
�MSm|<�  
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Fig. 4.17 DC, MMI, AHW%6"� HSA�j
�N�c  
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� Ö 2 Õ�"�k�¼ø!ÆôÍâ¯��¼øµÿ!�±Ã�!í­�-$ïî dÈ��=Q
TY[=UZĘFD-BPM�FDTD�FEMęzÆ�û¥�@Z<�-$ DC !zÆ ���ý&�
FEM »� SU-8 �¼ø!x\R[E²a�BPM »� DC !8SCL÷Đ�-$]ă9VCE!�
¢Ä�Þ}Ċ!čf ���î×��DC @Z<3ïî��	đ�ßéá3È���Ût� -/
ò� 4 %`^�! DC@Z<3cê  s��	DC BCL���½ø3Ü)}2��¸�6AH
[X3½�����]ă9VCE�¢Ä!Ý_�v3À���	SU-8 DC @Z<èē%K7BZ
3hĖ��Â�!���0?DYLD4K>Z3À���	cê�� SU-8 DC @Z<!?DYL
D4K>Z ��0��" 0.98 µm/µM�´nĎÊ" 24.9 µg/mlĘ370 mM Ï�ę��0��3Ò
ñ��	 
 
� Ö 3 Õ�"�¡b �20o�õqÚ���� MIP 3 SiN �¼ø	.�0 DC @Z<èē h
Ė��	FEM »� SiN �¼ø!x\R[E²a�BPM »� DC 8SCL÷Đ� MIP äy�-$
MIP ä!�¢Ä�Þ}Ċ!čf3î×� SiN DC @Z<!ïî� MIP äy3º���	MIP  �
Ð�0AZJ9öÂ��Þ}Ċ�vĈ ß��
�0��3Ó��	đ�ß¦Ééá� RIE éá
3È���Ût� -/ SiN DC@Z<3cê��	AGET-ATRP» -/ HSA3ĉ�o���0
MIP�NIP�MPC OWP[æä3 DC @Z<èē  ä��	HSA �µÿ!û� BSA 3 MIP�
NIP�MPC OWP[æä3hĖ�� DC @Z<�À���	MIP-DC @Z<�! HSA À��!)
Þ}Ċ�v
ìÀ�1�	�!��	.�MIP-DC@Z<��.1�=:FX
AZJ9ö!@Z
<èē%!ĒÃË�Ð -0+!�"���MIP !�Ð�
¶ã����
Ó��	(��o�
Ĉ�4QHąĄp!û� BSA3MIP-DC@Z<
ñõ��	����	.� ä��MIP
ė�
o�õqãr3¤���3Ó��	~\! MIP-DC @Z<3È�� HSA!à/ü�À�3ç��
�	À�j!�uf¨" 3.4 %��/�\åÍ à/ü�À� dÈ{ã��0�)��10 5 %
`^3ā ���	Â�!Ë�0 HSA!À�3MIP-DC@Z<�ç��	MIP-DC@Z<! HSA
 ��0��" 31 nm/µM�´nĎÊ" 62.9 µg/mlĘ950 nM Ï�ę����	HSAÂ�!ð« 
�ë�´nĎÊ" 25 µg/ml`]��0�*��1"ā ���	��	 
 
� Ö 4 Õ�"�2 R[E MMI 3M[?��� AHW @Z<!µÙ3��	FDTD »3È��64
N[XĄp�þĀÄ!čf�@Z<èē�Ð�Þ}Ċ!čf3î×��AHW @Z<3ïî��	
DC@Z<�·ú���o�!èē�Ð ��0��
 7.6i��0��3Ó��	cê��AHW
@Z<3È��:X;[?Á¾!À�3ç��@Z<lĊ
 4i! DC@Z<�·ú��	]ă9
VCE�¢Ä�v ��0��
 1.4i �0��3Ó��	Ć}®Č!���0MIP3 AHW@
Z<èē hĖ��HSA !À�3ç���	HSA !lĊ`]��1#�äy
æ�'���
ė
���3Ó��	Â�!���0 HSA� BSA!À�3@Z<lĊ 100 µm! AHW� 300 µm!
MMI@Z<�ç��	AHW�MMI@Z< hĖ��MIP" HSA ���Ă£�3¤���3Ó
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��	AHW�MMI ! HSA  ��0��"�1�1 154�21  nm/µM�´nĎÊ"�1�1 20.4, 
21.9 µg/ml����	AHW@Z<!��3MMI! 7.3i�DC! 3.6i �]�´nĎÊ3MMI
! 93 %�DC! 32 %(�^�0��  s��	DC@Z<�ā ���	�� HSA!ð« �
ë�´nĎÊ 25 µg/ml3@Z<lĊ 100 µm! AHW@Z<3È��ā ���	 
 
`]!-� �±ÑÔ�" DC�AHW 3È��k�¼ø@Z<!��v�¡b �20o�ñ

õÚ���0 MIP 3È��à/ü�À�{ã�@Z<3�Å��	Ã AHW "�ď!wÌÅ�

�¹*.10´nĎÊ3g����@Z<!��v�à/ü�À�  s��	±@Z<"wÌ

ð«�
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