
 

������  �	
��
������ 

  ��������	��  �
�	��  ��
�� 

       �����MUST-101��-2 

  �����  101�  1� 1�  �  101  �  9�  30� 

����
���� 

����
� 

��� 
!�"# 

  $%& 

 

' ' ()*+�,-./0123456789:;<=>?@ABC'''

'''''''''''''''''DE:FGHICJK'

 

  ��LM�NOP QRSTNUS 

 
 
 
 

V   W   X   Y   101�   7�   18 � 

 
�������	
��
��� CMOS-MEMS 	�� 

Design and Simulate the CMOS-MEMS Micro Structure 
Applied to Sensing the Micron Scale Crack of Bridge Pier 



 

�������	
����� 

�  �  �  �  � 

�����	
����
�����
�� 

 

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

-������      .    �/        ��01.2        03    101    4

5���� !"#6 

 

 !"#78)MUST-101��-2 

 !"#9:);"�<=>?@ABCDEFG CMOS-MEMS @HI 

"#JK)  L("#                                                                      

MNOP)  101  4   1   Q  1 R   S    1014   9 Q  30  R  

TUVW��(XY !GZ[$%&')������\]^[_��`�ab��

c !Gdefghijklbm�Zndeo��p(fghijklbqPrs�

tubvw(fxy�Pz$%&'G�
{�|}~�b��`�a��f����

���b������P��_��\]b���������G���Z������

��m[�6 

�������	
��
��
��������� 

�� ������ !"(#$%) 

� ������ $%������ !"��&'��� !"  

�� ���()� $%������ !"���*+� !" 

����������������  

E-Mail)cctsai@must.edu.tw 

 

�    �    �    �    101  �     7  �    18  �



 

I 

ZB 

 

��;"G@HI��� ¡¢£01;"¤¥( National Chip Implementation 

CenterbCIC )Gl2¦§¨�;"G©ªb«¬�­®� TSMC 0.35�m 2P4M 

COMS-MEMS¯�l2l°±�_>?@ABCDEFG CMOS-MEMS@HIb�²

³W´µ_>?�¶·¸@ABCD¹b->?º»¼½¾¿À·¸@ABCDtbÁ

ÂÃHIÄÅÂÃÆ
À·¸ÇÈÉÊb�@HIGZ��ËGuekÌÍ®ÎÏbÅ

À·¸Ð�ÑÒeÏÓbÔÕ�ÑÒÖF@ABCDG×5boWØÙÚÛ$�Ü8b

ÝÞ���ßà�áâ��WãäÜ8áåæçbèéêëìFßíãeî%6Õ¼b

�Ðïð@HI°ëtbÅ3ñ»G¼½ò�ÀóôHIõCbÅÕ-@HI¤ö÷ø

ùHIfúû²³3»ée±½6Ý;"b-øùHIGü5� 0.64 �m�øù�×�

2 �mýøùþØ 4Áøù�Ø� 0.1765tb���úû»½b�û²³±½�Õ@A

BCDEF@HIb�����EF>?@ABCDG�¶6 

 

����������������	
	
	
	
�����
����
����
����
���������������������������CMOS-MEMS 

 

 
 
 
 

 

 

 

 

 

 

 

 
 

  



 

II 

Abstract 

 
 The design of micro structure is according to the process specification of National Chip 

Implementation Center. A CMOS-MEMS micro structure is applied to sensing the micron 

scale crack of bridge pier based on TSMC 0.35�m 2P4M COMS-MEMS common process. 

The components will be installed in where bridge pier may have cracks, when the bridge piers 

generate micron scale cracks due to external shocks. The leverage principle of the micro 

structure results in the reverse displacement. And that brings the changes in the overlapping area 

between the upper and lower electrodes of the micro structure and results in a change of 

capacitance displacement.  And  that  brings  the  changes  in  the  overlapping  

area  between  the  upper  and  lower electrodes of the micro structure and results in a 

change of capacitance. The width of the cracks is measured by measuring the capacitance.   

The electrical signals are sent out to achieve automatic detection and warning by using 

the amplifier and wireless transmission circuits. In addition, the micro structure  with  

micro  springs  design  prevents  from  being  broken  due  to  the  excess  

external  force. Spring structure can reduce the stress within the component. When the 

thickness of spring structure is 0.64�m, the width is 2�m and the pitch number of spring is 4 

with the spring constant 0.1765, and those make an effective decrease on the stress of the 

micro structure. The sensing micro structure of the micron scale crack can significantly 

enhance the performance of sensing cracks of the bridge pier. 

 

Keywords: Bridge pier, Micron scale crack, Displacement sensing, CMOS-MEMS 
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âQRSk~eTUz?@V_WDrXbA�YZe��boöZ?@r¹J[\]

^_`bwabc^_dÄöe>KºéfFghbi, 13ä6>KGjk�lf>

?:mno��pqbxrÀstÅ>K:mº»gu3ôb>?º»¼½¾¿vÄj

wbx��Wyz>?:m�{+ej|-@ABCDEF}N%&6[1-5] 

 
` 1. ~���4���^_b­¤���>ºgw[6] 

d� �
~f�?@r�� >K�
01�¤G D.E.R&U.d��F��ij�


b��_d��FÄ»é�F(�G
��õ���e����FtuG���Å�

À���Fe�����t�bÅÕ�¶��êëìF01z>?}N�t�e�Fb

� ¶Î¡d��Feq¢G¹6[7-8] 

 

1.2 ÏÐ�!ÏÐ�!ÏÐ�!ÏÐ�! 

>K�k~�£�Ñ¤»¼½¥ke+���>?b¦§q�x�¨$eb>?G

3fÄõC��@ABCDX${Db}x©Ï$Cª��vóôõCb3«q@¬Sb

�¶-'xtuìFæ>?·¸G@ABCDbïð>?·¸}x©ejkbW�­�

>?º»gwe®e6 

d�e�c¯¶ìF 300�mfZe{Dbî%°q±
²b�¶ìFé 300�mf�

e{D�³S 100�m f�e@ABCDb� ¶-¥k´��ßµíãb«Y�ze

¶·¸¹b­�>KYwjGº6 
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1.3 JKÓÔJKÓÔJKÓÔJKÓÔ 

]^_`abcdb�	
ef��]^_`abcdb�	
ef��]^_`abcdb�	
ef��]^_`abcdb�	
ef�� 

Õ0 ¼ !���ö»5�¼��F>?:>eCDbÁ�Ii` 23äb��

xL½Í
e¾¿À>>bH3x¾¿À>ÁÀ$e�Ib=Â LA�>ÁÃ"S>>

e,5bLB�CD¹S>>e,5bÄÅijª���xÆÇ
ÈÉ>>ÊÍ Ub>Á

�>>Ä·¸Ë¼bo�ö»5"}N�F6[9] 

 

` 2. ��ö»5�¼��F>?:>CD 

 H%Ìäb�ÍCDÎÏÐÐÑÍ�se 10%bÕÄÅqÎ¶±ÖF>Á,5bÒ

¶©�FæCD3-ÉÓ6 

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

2.1�!"Õ�#$%&*+�!"Õ�#$%&*+�!"Õ�#$%&*+�!"Õ�#$%&*+ 

2.1.1)��_Ö%&)��_Ö%&)��_Ö%&)��_Ö%& (Bulk micromachining) 

��Ô¢£e¢ÕiÈzghÓ�Ö×e89ØÙ�ÚfÛÜ$Xbiz:�}N

�Èm��ÈÝ�Þß�89�bÀ:���
~�à¢Ôß Pyrexáâ�PMMAmÁ

pW�
���b+�Ä�éãämåæç�èé����6Áö.�c�êë-à¢

Ô��È�89�ìÍz©�89íð�89î��ï��cZb
~�l¨æWð×

ñGHIbié½EF� (Pressure sensor)�ö»5¦ (Accelerometers)�ò�_

(Microphone)�@óô(Micro pump)�@õ(Micro value)�@ö÷(Micro prism)�@%y

(Micro tip)�6 

2.1.2k��_Ö%&k��_Ö%&k��_Ö%&k��_Ö%& (Surface micromachining) 

á1øó
l2¤ùúG$,�89Í���ÊÍ@{ö.i�ûêI3üG²

³HIbÕ¼iS9eMUMPs(Multi User MEMS Processes)�ý þr�� ¡ÄÅ�

(SNL)�tMt3��G Smartl2fß CIC COMS-MEMSl2\­G@��l2�c�

VÕJ6Áùú��
~�l¢Ô(Poly-silicon)��ÓÔ(Silicon dioxide)m�Ôáâ
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(PSG)��ÓÔ(Silicon nitride)ßgh	Vi
�	���6�
4£Y�é�ã��Ó

Ô(Silicon carbide)�PZT�ùú6Á
~�#�l2;��á1®
��l2J�bý

HI;"�èø�zÀ�#ª���±½(Residue stress)3¨$ùú��(Bending)ß�

���(Sticking)���6 

2.1.3 LIGA�����x"_Ö�x"_Ö�x"_Ö�x"_Ö(Micro-EDM)����rA×ØÙrA×ØÙrA×ØÙrA×ØÙ 

LIGA(Lithographie GalVanoformung Abformung)b£:� X�@�6Á�� X�}

Nüú�6��b«������ém� ��c!$
<bo��
<l°$�í	

Vm"#²³6i$  IMM \%Í��� LIGA l2û��@²³eS9&'Gx6

Á�#��f(é 1mmfZWð×ñ(high aspect ratio)eHIb�#� )��U©*

��+}N��b,�;�êÓ�pqÑ¤ý-.bÅÀÁ±�/q01bý- 1mm

ü5f�Y234 UV-LIGA56G7�6 

@Þ�ö.(Micro-EDM)���Þ�ßÓ�89}N:�ö.zÀ©�
��

(excimer laser)ª�����G�+W¶Ö85�9Wq~e:�ç:6;�G�#<�

qü��bý�=3>8=É�?01e@bÍ¶l°>8GA@HI6 

- �¼e@��01 �àÉbÒlø¬�”�ë(distribute)”Gi�bl°æ¼

X>Býl2Cø�G@µÓ(3«” distribute”`z�-àD�êN¹N���Ì��8

9�� �G@ö.©E)û;"�l°@��²³bFÀÕh¨j )~Yl2ÝÅ

�Ce.2GHXY-.�­;�bIY	jl°æJ3íOe@��²³6 

2.2 ÚÛk��_ÖÜ^#$*+ÚÛk��_ÖÜ^#$*+ÚÛk��_ÖÜ^#$*+ÚÛk��_ÖÜ^#$*+ 

2.2.1 CIC CMOS-MEMS�)"ÝÞ|#$*+�)"ÝÞ|#$*+�)"ÝÞ|#$*+�)"ÝÞ|#$*+ 

 ¡¢£01;"¤¥(National Chip Implementation Center, CIC) CMOS-MEMSl

2\­��� TSMC 0.35μm 2P4M mixed mode CMOS processb«��vl2Ø0bÁ

vl2K�. /(ITRI)l°bÕl2L|;5l¢ÔfßM5	V(
)bi` 33äb

ÁÄNl°�2�ùúü5���1Ø�bH- TSMC;"OP�1QR�¤6;"p

f	Vm�l¢Ô¨�@HIG

5b«���S�Ó5�	V5�ÁTU5bvl

2l�ß89V=WXYÝZ�cm���Ý��È�89���È�89�[Þ@H

Ibi` 4 3äbp±�_ö»5"�é½"��6(heating resistor)�@Í÷(micro 

mirror)�@KEF�(micro sensor)�@ôë�(micro actuator)�6 
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` 3. CMOS g5ÐÑÍ�` 

 

` 4. CMOS-MEMSpqvl2i� 

CICG CMOS-MEMS�c\­Gl2\]bi` 3S` 63äbF;"@²³ü

=Âvl2§^fß PAD �sbiÕI¶}N RIE ð89bf�êN}Nß�89[

Þ²³zi` 5 (a)3äb�_© CMOS l2`$vGaÍ`baÍ¤L| N-MOS�

P-MOS���ó�bFbZinoG¼c�	Vd(PAD)b�_=Â²³�sbi` 5 (b)

3äb` 6 (a)=Âævl2�s(RLS)v}N�Ó5ð89b«[Þ�TU53�ïG

@HIbi` 6 (b)3ä6 
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(a) _© CMOSl2aÍ`            (b) PAD5]e=Â²³�s 

` 5. _© CMOSl2aÍ`� PAD5äV` 

     

    (a) =Âvl2(RLS)�s            (b) [Þ�TU53�ïG@HI 

` 6. ÝMEMSvl2GHI[ÞaÍ` 

2.2.2 tMt Smart®k��_ÖÜ^#$*+k��_ÖÜ^#$*+k��_ÖÜ^#$*+k��_ÖÜ^#$*+ 

%@��fyYP\%(Touch Micro-system Technology Inc., tMt)b���xhû$

�ýg»l¨GÍK@ö.l26SMart®l2(Surface Micromachining for Applications 

and Research Technology Platform)ª�ÍK@ö. !�c\­b±�_MPW(Multi 

Project Wafer technology platform)àx¢hlk"#�c\­6Ê 1� SMart®l2��

9:���i®ü5��.j�Ê6 

Ê 1. Smart®l2Ê 

Level Mask # Thickness (Å) GDS number Dark / Clear 

THOX N/A 5000 N/A N/A 

LS SiN N/A 5000 N/A N/A 

Poly 0 #1 Poly 0 5000 1 Dark 

SiN 0 #2 SiN 0 5000 2 Clear 

LTO 1 
#3 Dimple (7500 Å) 

17500 
3 Clear 

#4 Anchor 1 4 Clear 

Poly 1 #5 Poly 1 20000 5 Dark 

LTO 2 #6 Anchor 2 17500 6 Clear 

Poly 2 #7 Poly 2 20000 7 Dark 

Metal  
(Cr /Ni/ Au) 

#8 Metal 100/1000/5000 8 Clear (lift-off) 
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2.3 ()*+()*+()*+()*+ 

2.3.1z{��:;()z{��:;()z{��:;()z{��:;() 

��G;"
~��øó
�����
bi L-Edit�Laker�Virtuoso�MEMS Pro�

MEMS Explore�b«=3l2;"¦§�k(Design Rule Check, DRC)b`$��G�

�;"6 

��G����;"b���lmn�o����;"�
 L-Edit (Tanner EDA 

L-Edit Pro)plbf`XÓ�Í6Êwx5HIbq3$�Ux��`rbi` 73äb

p�_��;"�@��²³G;"6Á¤L|Y Layout edit�DRC Check�êëÞÓ

�s��t¶b«)u GDSII�CIF�EDIF� SPICE�_©��{rÕ�6[10] 

 
` 7. L-EditplG@²³ 

��G�� )vwl2;"OP(Design Hanbook);"bÁpl�2i�) 

©Ex)��;= –  

        1. xy;=( Design setup ) -  =Â���c9:�àÉ�uz;=6 

     2. 7{²³ - =Â²³( Cell )6 

     3. ;=`5( Setup Layer ) - =Â`5|U�58�`X}Ì.�6 

     4. ;"¦§;=( Design rule setup ) - =Â��`rbJ3;"¦§p 

l`56 

     5. ~Í�2=Â( Cross-section process definition ) – =Â a.~Í��G    

          l2©E�°�( Step )�b.5��( Layer )�c.l°ü5( Depth )�d. 

          ©E�#( Lable )�e.89m´��T( Angle[offset] )fß f.��  

( Comment )6 
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©E~)pl`X( Pattern ) –  

WHI;"�}Ì�5I$b«ÚÓ$`Xpl6 

©EA)~Í��( Cross-Section ) –  

��`X~ÍHI��iíOb��ª4Î`X6 

©EM)��`$( Mask ) –  

�3Y5G`XHi;"b~ÍiíObÕt`$��G�©pl6 

©E�)ÚÛÕ� –  

W{rÚ$( GDS ) {âæ( Export Mask ) 6 

©E½);"¦§�k( Design rule check – DRC ) –  

�k��;"J3;"¦§b�Y��ª�Á�_WG4Î6 

©E�)`$��pl -  

`$J3;"¦§G��6 

2.3.2#$'89�ß=>AB()#$'89�ß=>AB()#$'89�ß=>AB()#$'89�ß=>AB() 

 -@��01;"Zbl2G<=���p�� Intellisuite� CoventerWare;��

o@��mn;"���
bÒY(��MEMS ProÚ÷ ANSYSG°jbÕA�H�

�YP²���j6-@��+�bd�¯+�@��²³YÁ���
b/à�µ�


æ�bxr��p��YPt��j6�� !ª��� Intellisuite}N²³<=�

�6 

Intellisuite �
����@��013]�G�
b�-ÄNl°²³���ÓMEMS

e;"bf��ÆK��etubÁ\­H3Ðl2<=���R�����;"ß²

³<=��t¶bÁ
~t¶i�) 

A. l2<=)L|l2<=��l2Å�����l2R���;"���:�6 

B. <Kêë���;".è)L|<Kêë�l2©EH%Ìä�����êë� _

©��{r(DXF, GDS II)�êë�Õ�
�<Kêë� ANSYSH PARTANGYP

²�<KìÈ�Í6 

C. ��<�)���Y²������<�3����<�3YP²���6 

D. ����)��������íF���ØÙq36 

E. ��È�89<=)89�R���T�¶�����ØÙq36 
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f���� Intellisuite�
G<=©E) 

©Ex)êë<=l2( Process simulation )�³ 

��l2<=�
 InterlliFabb�Ùl2bâ÷Ál21Øb��}N<=l

2{reêë6 

©E~)<=l2eÅ� 

Å�`$<=l2e���6 

©EA)l2<=�<Kêë 

� InterlliFab�÷��( Import Mask )b}Nl2<=bêë<K«Ú÷� �

�<�( Mechanical Model )b}N<=�� 

©EM)<K��(Model Analysis) 

�k<KGYP²�G�Õ( mesh )êëb¡Ú<=�³b}N<=Ø�«�

k�³�UtbÌäGH%�Ub¢£<=H%6 

©E�)ÎÏ�³ 

��ZnGijb2xÎÏà1Ø�³bk���<=bW3Y<K�Ùl2

�ÎÏ�³b¨æñ�ÊÕb«�Ù �¼�.e$�ñ�1Qbû�k<=

�³�<=Ò¤�ÄNl2bý3(eÒH�YÄ�VÂ6 

 
` 8. ��;"�2` 
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������������				��
���� �!"��
���� �!"��
���� �!"��
���� �!" 

�01�IL|M�+�b���@HI�Ü8ÚÛ���Ü8Þ���fßà�

áâ�cb��WyzEF�G@HI}N !6 

�¥Y¦l��@��i�EFe�I§æbÁ¤fé6�EF�ß�Ñ�EF�

�
6�Ñ�EF��_W¨©5ßÁzª5©E5ûe��b4«¬��-@��E

Fe�I¤bÅÕ��;"W¬��Ñ�EF�6[11-12] 

3.1"|p��d}"|p��d}"|p��d}"|p��d}0000 

 EF��WEFG­
mÓ�ÏÓÖf�®¯8e<�Ìäæ6Op��$�6�

�Ñfß�EbgYÁqUGEFÆ
ßi�6ñ°ÁpÆ
eEF�b�Ñ�EF�

��±3_ûª5�Ø�û²��fßW¨©5G±�6�ÑÒi�3.1��3ä) 

                  C = �
d
A                                     (3.1) 

Á¤ � �Z��ËG	V�����ØbA �Z��ËGukÌ+�eÍ®bd �

Z��ËGuez³bz�3.1��¨´@�¹
H%i��3.2�3ä) 

                  �C� (
ε∂

∂C )���(
d
C

∂

∂ )�(
ε∂

∂C )�A 

                    � 
d
A ���

2d

Aε �d�
d
ε �A                    (3.2) 

¤SW�3.2��:f�3.1��b�(é�3.3�� 

                 
C
CΔ
�

ε
εΔ
�

d
dΔ
�

A
AΔ                           (3.3) 

��3.3���fµæ�ÑÒeÏÓ�ñ_���Ø�°�Í®bÀÇñ_;�Ëu

ez³6i` 9�, 103äb��;"��Z��ËGkÌÍ®eÎÏb¨$e�Ñ

ÒÏÓ}NEFb�Ñ�EFxr±�_­
ÖGÖFbié½�»5�ö»5�ÉÓ�

�Ö�ª5�6[11]
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3.2�-.��op�-.��op�-.��op�-.��op 

 
` 9. �Ñ�EFÆ
GäV` 

 
` 10. Z��ËÎÏkÌÍ®GäV`[11] 

�@HI»é¼½��tZ�ËÄ·¸ÉÊ Xbi, 103äbÕtÎYkÌÍ® A

��ÑÒ CÄ·¸ÏÓbÀ·¸ �A� �CbÀ �� dªqÄÎÏbx�W(3.3)�¤e
ε
εΔ

�
d
dΔ
¶:b(é�3.4��) 

                   
C
CΔ
·

A
AΔ                                     (3.4) 

��;"���²³°ëtb@HIGZ��ËekÌÍ®ÎÏûÖF�ÑÒ �Cb

i` 113äbW� L�<=ÒbX�Z�ËGÇÈÉÊb�A�;�ËGkÌÍ®Ï

ÓÒbÔ�Õ.��(�3.5��) 

                �A�(W-X)L                                   (3.5) 

Öæ�ÑÒ �Cvb���3.4����3.5��G.�¸(Z�ËGÉÊ XbÕÒ�

�@ABCDG×5b��;"Í���Zni�EF>?G@ABCD6[12-13] 
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` 11. Z��ËkÌÍ®ÎÏtGZ�` 

 

�#��#��#��#�				$%&�$%&�$%&�$%&��'()*�'()*�'()*�'()* 

4.1567.567.567.567. 

��;"\]G01�IL|M�+�b���@HI�Ü8ÚÛ���Ü8Þ�

��fßà�áâ�cbi` 123äb->?º»fFgutb¹�@HIEFæÅ

ÉÊÀ·¸ÏÓe�ÑÒb¤SWÕ�ÑÒÝÜ8ÚÛ��ÚÛ$�Ü8b�_�@º

¢£bÜ8�ze£ñ�@»bx°üÝxÜ8Þ���W�Ü8Þ�b�vo��à

���OÜ�c(i Zigbee�)W�Ü8áåS¤C¹
"}N¹
6 

 
` 12. 01�IäV` 
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4.289898989��oà��oà��oà��oà 

�þWj�>?@ABCDEF¢£i��>?}NcH6¼¹b¢£Wf½[e

i�¾[b´µ_>?�¶·¸CD¹b��x5ü5 2mmGx�¿À(Epoxy)W²³

Áµb­�¢£»é¼YÂÃb¤S��Ä�m
�êëxü5� 4mmebÓ	V5b

fÅöÁ�Ib5b�voZx5ü5� 4mm G¾¿À�ï5b�q
01�IYÆ

`¡e�ïbÁ´µäV`i` 133ä6 

 

` 13. ²³´µäV` 

 Ð�²³´µijvb¤S�½[G¢£i���_>?Zbf�Çæ;hi�b

i` 14bÕ`�W>?GhÁ
ÊÍÈ]�\Íf}Nj�b` 14 (a)�FÖCD·

¸¹Gi�bÀ` 14(b)��Fb5��G��i�6 

           
           (a)FÖCD·¸¹G��          (b)>?»½��G�� 

` 14. ¢£��i� 
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4.389:;89:;89:;89:; 

�²³�� ¡¢£01;"¤¥��G 0.35�m CMOS-MEMS ¯�l2G;"

¦§bl°æ CMOS-MEMS @HI6Õ@HI��Z�Ë���Ë�ÂÃHI�(�

)*+�É�KHI�$bi` 15�` 163ä6WÕ²³´µ_>?�¶·¸@AB

CD¹b>?-º»¼½g¿À·¸@ABCDtbÄÅÊËmÌée½Ö�@HI°

ëb@HIGÂÃHI��ÂÃÆ
�Z�Ë·¸ÉÊbZ���ËGuekÌÍ®Ä

ÎÏbÅÀ¨$�ÑÒeÏÓbÔ�Õ�ÑÒÖF@ABCDG×5boWÕØÙÚÛ

$�Ü8ÝÞ���ßà�OÜ�cWÜ8åæbèéêëìFßíãeî%6 

Á¤Z�Ë�METAL 3b��Ë�METAL 2b;"²³t��xÍ��;"89

ÎbfRIEi�}N89Îð89bí"_vl2²³[Þtb��ß�89(Wet Etching)

ei�(Silox Vapox III)}NMetal3ÏMetal2GueSilicon dioxideeç:bÍ¶�Z��

ËYÐu5bX$x�Ñ�E±HI6 

 
        (a)q
�IäV`                 (b)²³g5��äV` 

` 15. @HIGäV` 

   
(a)ÂÃHI                        (b)úû±½HI 

` 16. @HIg+�äV` 
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�+��+��+��+�				'(,-.�'(,-.�'(,-.�'(,-.� 

5.189����89����89����89���� 

����G 0.35�m l2¤e	V�
 (Aluminum)bÁËP±½� 0.15GPa 

(150MPa)bi` 173äb�Ð��@HIqÄÅ�ñ»e±½ò�À¨$õCbÅÕ

 )Ñ¸@HIG��Ó !bfúû²³��±½Ò6[14] 

 

` 17. MEMS��G�� 

²³e��Ó�2i` 183äb��W��Õ�2¸(²³G��Ó6 

 
` 18. ��Ó<=�2 
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� !¬�@��'�<=�
 IntelliSuite¤e ThermoElectroMechanical Module}

N<=b¹ö-�ÉÊ_²³Zb<=²³°ëtG±½ßÉÊ�ºb°�Ò=úû±½

HIe1Q�Ùbi` 193ä6 

     
          (a)/Ó¹ö-�ÉÊ                 (b)¹ö XiÈ-�ÉÊv 

` 19. �� IntelliSuite<=²³°ëÔX 

5.289=>?$89=>?$89=>?$89=>?$ 

Step 1)�� IntelliSuite¤e ThermoElectroMechanical}N<=b<=;=ÒØ   

       Ù stress/displacementbi`ÕÖ×3äbÑØ metalËP±½���ÉÊ6 

 
` 20. ØÙ<=;=Ò 
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Step 2)z<K°ÑÙ�Õ(mesh)ë°b� !;=��Mesh Size� 10�mb 

       i` 213ä6 

 
` 21. z<K°ÑÙ�Õ(mesh)ë° 

Step 3);=<Ke�Y�³b¹ö-�ÉÊ_<K¤MLEF"bi` 22 

       ÚÛ¹3ä6 

 
` 22. ¹ö-�ÉÊ_EF" 
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Step 4);=<Ke�Y�³bW)�+��<="bi` 233ä6 

 
` 23. ;=)��<=" 

Step 5)�v}N<=��bPN`v��µé<=H%bi` 24�` 253ä6 

 
` 24. <=H%-Sxx±½Ò 
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` 25. <=H%-Syy±½Ò 

5.3���ËÌAB���ËÌAB���ËÌAB���ËÌAB 

�_��;"G@HI��ÜÝ�l5G
�XÞ3�$b��²³°ët±½�

ºe1Øßlbx}N<=t¯àqx01ØG !bÁá1Øª<=qÏb�ÕJâb

2x¸(g01ØG�� !b�²³èé��Ó !Þã6 

-²³e;"¹ö-�ÉÊvb��±½�WÒ3-e§^b�"#;"ß)*+

�(c¤eribi` 26hÛ3Û°û¹bÅÕ¸(��Ó !e;ÏÅ
bWyzä


L�sSO6 

     

        (a)(Z±½å¤e§^                (b))*+Z±½å¤e§^ 

` 26. ²³°ët±½å¤e§^ 
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�/��/��/��/�				'(,-�01'(,-�01'(,-�01'(,-�01 

6.1¦³-.��AB¦³-.��AB¦³-.��AB¦³-.��AB 

�` 26(¬±½å¤-(e;"bx�Ô�ÎÏ"#HIûúû±½e·¸b«;

"æà�"#�É�K"#�ßöøùÉ�K"#äAhqU"#HIbi` 273äb

<=¹öqU-�ÉÊz±½ÏÓG��6 

               
       (a)à�K                 (b)É�K              (c)öøùÉ�K 

` 27. AhqU"#HIäV` 

` 28�AhqU"#HIGÉÊz±½.�`bØÙHIt)UtæV xiÈçÈ

±½(Sxx)H y iÈçÈ±½(Syy);h±½Òb;±½ÒHqWò
eËP±½�«Y�

WÉÊb�` 28H%�¬böøùÉ�KG±½èº_ÁpHIbÆÅ�öøùÉ�K

ö÷ÐxøùHIbøù¶±úû²³°ëtG±½Òbä+�- 5.3øùHIG
$�

%&¤Ä}x©j�6Ý�fZ��b"#HIG��Ó¬�ÕhHI6 

       
           (a)Sxx±½ÏÓ`                      (b)Syy±½ÏÓ` 

` 28. ÎÏ"#HIGÉÊz±½.�` 
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6.2µ¶-./01'23µ¶-./01'23µ¶-./01'23µ¶-./01'23 

�` 26�(¬²³°ëte±½å¤-)*+b�Ð�±½úûbéê-)*+ö

÷xøùHIb��Ø�øùHIb��_ë�=ìG±�¤exLp�í
��øùb

�Ùë�=ìb-ø�P5�bøùeø½ F Høùe,5ÏÓÖ x $��.�b�) 

                    F = kx                                      (6.1) 

�ë�=ìî°�½�Ç°�½.�e�
�ïð½\�) 

                      F = - kx                                     (6.2) 

Á¤ k �øùeø��Øbñ�øù��e��H
�¼X3Ò=b-8Êäøù

3·¸eø½�Áò,�méó�eiÈ�Çbähø½:�ïð½bÊäñY�01�

ð\ôe7�bÅÕ��;"-@HI¤ö÷øùHIbi` 293äb�²³°ë·¸

ÇÈÉÊt¶±úû±½Ò6[15] 

 
` 29. øùHIäV` 

 �Ù��[15]bøùeø��Ø��f�\�"õ) 

k = ( )( )[ ]
−

+++
+

+

�
�

�

�

3GJ
a14n12n3b abn

x3EI

32nb3a38n   

                        

( ) 1

xEI
b

GJ
a

2

2nb

GJ
b

xEI
a 2

2

GJ
b 12n

xEI
2na2na −

+−

+

+
+

�
�

�

�

��
	



��
�




��
	



��
�




�
�

�
�
�

�

     (6.3) 

 
�Ù Dimitrios Peroulis�(G ![16]ß CIC CMOS-MEMSl2eg5ü5���ß

g+É !b��õæàxøùHIgh��½�pØbiÊ 23ä6 
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Ê 2. CIC CMOS-MEMSl2àxøùHIg+É !ß��pØ 


�ö×5 (a) 7 �m 

��ö×5 (b) 16 �m 

øùHIü5 (t) 0.64 �m 

øùHI�× (w) 2 �m 


e÷ø�Ø (E) 70 GPa 


eùúñ (�) 0.296 


eû½<Ø (G) 27 GPa 

ÚëüÖ Ix 0.0437 �m4 

ÚëüÖ Iz 0.4267 �m4 

ÚëüÖ Ip 0.4704 �m4 

ýÚpØ (J) 0.1943 

WÊ 2 eg0ØÙ6÷(6.3)�¤b¸(ø��Ø k ÒbÁ¤ n �øùHIGþØ6

��WþØ��f 3�3.5 ß 4 þ}N��bf¸(Á n Òb}NøùHIG��6�þ

Ø� 3 ÅöS 4 tbøù»½��xøbiÊ 3 3äbÊä�Yî��øù�ÂÃHI

¤þ"+e��±½b}Àèéúûq
²³��±½ede6 

Ê 3. CIC CMOS-MEMSl2àxøùHIþØ�»½e.� 

n (øùþØ) k (ø��Ø) F (»½�º) 

3 0.3723 1.061 (�N) 

3.5 0.2509 0.715 (�N) 

4 0.1765 0.503 (�N) 

 

6.3µ¶-./·¸��ABµ¶-./·¸��ABµ¶-./·¸��ABµ¶-./·¸��AB 

-�køùHI-²³¤3QReTUvb¤S<=øùHIG
�ö,5 a�

7�m���ö,5 b� 16�meÔ��b��<=øùþØ� 3þ�3# 5þ�4þGÏ

Óbi` 303ä6 
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       (a)3þøù             (b)3.5þøù             (c)4þøù 

` 30. qUþØeøùHI 

` 31 �ÎÏøùþØGÉÊz±½.�`b�ÕH%�¬ 4 þøùG±½èû_Á

p;�b«ýY��ÉÊ 2.5�mbÁ Sxx±½� 119MPaß Syy±½� 130MPa6 

      

     (a) Sxx±½ÏÓ`                    (b)Syy±½ÏÓ` 

` 31. ÎÏøùþØGÉÊz±½.�` 

6.4µ¶��·¹a��ABµ¶��·¹a��ABµ¶��·¹a��ABµ¶��·¹a��AB 

�Ð�øùHI��ÓbzøùHI'xþ×5}NÎÏbi` 323ä6-<=ø

ùHIG
�ö,5 a� 7�m���ö,5 b� 16�m�þØ� 4þeÔ��b��fø

ùHI'xþG×5� 7�m�8�m�9�m}N��6 

 

` 32. øù'xþ×5äV` 

�` 33 H%�¬bÎÏøù'xþ×5z±½eúû¯Y�@��b�Wøù'x

þ×5;=� 7�mtb²³3»G±½èû_Áp;�bÁ Sxx±½� 118.32MPaß Syy

±½� 128.825MPa6 
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   (a)Sxx±½ÏÓ`                     (b)Syy±½ÏÓ` 

` 33. ÎÏøù'xþ×5eÉÊz±½G.�` 

6.5ºººº����§»�­¼a'¹a��AB§»�­¼a'¹a��AB§»�­¼a'¹a��AB§»�­¼a'¹a��AB 

¼¹��e�ÎÏ(e,5z²³G��bi` 343äb-<=(e×5� 2�m�b

(e,5��f 84�m�89�m�94�m�Ah !û}N��6 

 
` 34. (�)*+e,5�×5äV` 

_qU(,eÔ��}N<=b¹ö-�ÉÊz±½GH%i` 35 3äbÎÏ(,

z±½¯Y�@e��b�(,� 94�me±½èº_Áp;�bÅÕ(,� 94�mt±

½�º6 

        

          (a)Sxx±½ÏÓ`                      (b)Syy±½ÏÓ` 

` 35. ÎÏ(,eGÊz±½.�` 

¤S�(e×5ÏÓG��b-<=(,� 94�mtb(e×5��f 2�m�3�m�
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4�m�AhÏÓû}N��b<=-�ÉÊz±½G.�bÁH%i` 363äb�(

¬(×� 2�mtG±½�û6 

        
         (a)Sxx±½ÏÓ`                     (b)Syy±½ÏÓ` 

` 36. ÎÏ(×GÉÊz±½.�` 

¤S<=)*+,5ÏÓG��b-<=)*+×5� 2�m tb)*+,5��f

47�m�51�m�55�m}N��bÁH%i` 373äb�(¬)*+,5� 55�mt±½

�º6 

        
          (a)Sxx±½ÏÓ`                       (b)Syy±½ÏÓ` 

` 37. ÎÏ)*+,5GÉÊz±½.�` 

¤S�<=)*+×5ÏÓG��b-<=)*+,5� 55�m tb)*+×5��

f 2�m�3�m�4�m}N<=bH%i` 383äb�(¬)*+×5� 2�mt±½�º6 
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            (a)Sxx±½ÏÓ`                      (b)Syy±½ÏÓ` 

` 38. ÎÏ)*+×5GÉÊz±½.�` 

6.6 £¤��'"|�/�´£¤��'"|�/�´£¤��'"|�/�´£¤��'"|�/�´ 

Õþ��� Intellisuite<=�
b<=¹öqU-�ÉÊtZ��ËÅkÌÍ®�

eÎÏb�;�ËGue�ÑÒ·¸ÏÓ6Z��ËH��iXÁ�,� 60�mbi` 

39(a)3äb;�Gue�ÑÒ� nF�BbÕØÙ�<=�
3"õGH%6 

qU-�ÉÊ��ÑÒÏÓG.�bi` 39 (b)3ä6�Ù\�(3.4)�¬b;�Ë

GkÌÍ®���ÑÒî�ñ.�bi` 39 (b)GH%Ìäb�S¹ö-�ÉÊ��b

;�ËGkÌÍ®�ºb�ÑÒÅÕî��úûbÔ�\�ß<=H%��;�G.

�6��eÏÓY�__²³Óû-H3Áp��tG�?bWÆ¶��Á��bf�

v� !}N6 

    

          (a);�ËG !              (b)¹ö-�ÉÊ��ÑÒÎÏG.�` 
` 39. -�ÉÊ��ÑÒG.� 
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6.7�á�¾ª«Û89/�Y���á�¾ª«Û89/�Y���á�¾ª«Û89/�Y���á�¾ª«Û89/�Y�� 
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