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� ���9���������9�(���c� B�¡¢�-?1.->h

���q�*��G�£�4]
c��¤�¥&�¦§��qw(e=

G+����9�.'�¨©Oª«.¬Kqw(®��£��q¯°Q±

SO²¢&2³´GH��µ�¶0O·§¸¹ºq»¼&½½���O

��qw(e=G+����cq¾½ Bq��&�?2i� B�-?1

.¡¢�->h.¿qÀ(e=$9>(56Á4|�qÂÃw()?2�i�

xy³Ä½��<�Åw()�

� �����������cq¾½ B�Æ=&�Çm�qz����56

Á4|�q�Å&��'$�ÈÉO�Çm���ÊqËÌ&��(ÍÎÏ9

Ð&�Í�sj½>qÑÒÓ�q��w(e=$9>(56Á4|�q»W�

?2Ó�q��w(xy�xy³Ä½��<�Å&�ÔÕ�xy��85�

�qÖ×w(e=qØO=w()�
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� æ2.1�G�¯°Q£�4]
c²¢hZ2�µ�0Ú6®��£�

�q²¢&2³´q»W�çÚ6®��£���èéw(ê½��µ?2��

ë�Ú6®��£��1j�!"qìríH�]^_]îï&�ðñw(<

�=w()?2����������·¤��9�(=&�çÚ6®��£

���æ2.2�G�èéw(ê½��µ�ò�iZóZQÏôõö½èH

?9�Ú6®��£���!"q÷Lw(<�=w()ÎÏ�øª�23ª¡

Ú6®��£��qÚ6=ùw)�

� e�Ú6®��£��qz�(úû=&��çÚ6�ðñmR��ë�Ú6

�cd�ü1jv?H�ýþO9�(23�µ�$��&2=&�<çÚ6�

¾½¬K���&.�e=$�UjZ()½?HçÚ6�ª�9���$�K
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�

� �X3Ú6®��£��qz����w( B�Æ=&�Çm�q»W�

Çm�q��w(e=$9>(56Á4|�½��»W()�

� Çm�q��w(e=$9>(56Á4|�=&����X3�mP�

Ó�&��>��mP�r(È��cd$��&2/û9�B�ðñº�q

��&�½��mP��l&��mP���<È��cd$��&2j�

H�Ú6�cdGH�÷LhZ2��Ñ?Z( B$Çm�9�(1�1q

��&�Çm�9�(.js���q2�(e=G+���w(mR$»W

jZ()�

e�mR�r(56Á4|�qÎÏáw)2�&� h,vd ���mP��Ø�

�¯mP��Ø��µq�&� h,v,is ���Ø���mP��Ø��¯mP��

Ø�Ú6�cdq�w)?2�56Á4|�qæ��&2<�qæ !"áw)�

�

�

#!?Y� 1i = 9çÚ6�èéw(ê½��µ�$�\q=() 

�  

 

1h,1vh,1v1h,vh,vh,v,1 ddddS ++++ ⋅⋅⋅= � � � � � � � � � (2,1) 

 

 

 

ö%§ 2i = GH�mPÇm�qÓ�&��>��mP�r(È��c

d$��w(?9�lh&() 

 

 

� � � � � h,1v,ih,v,ih,1v,ih.v,1i SSSS +−+ ⋅⋅=  

� � � � � � � � � � h,1v,ih,v,ih,1v,ih,2v,i SSSS +−− ⋅⋅⋅+  

� � � � � � � � � � � � h,2v,ih,1v,ih,v,ih,1v,i SSSS ++− ⋅⋅⋅+ � � � (2,2) 

 

 

 

'%�mP�r(È��cd$��&2/û9�B�ðñº�q��&�§

�mP�lh&��') 

 

 

� � � � � 1h,v,ih,v,i1h,v,ih,v,1i SSSS +−+ ⋅⋅=  

� � � � � � � � � � � 1h,v,ih,v,i1h,v,i2h,v,i SSSS +−− ⋅⋅⋅+  

� � � � � � � � � � � � 2h,v,i1h,v,ih,v,i1h,v,i SSSS ++− ⋅⋅⋅+ � � � (2,3) 
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ê%�=�(mP¥&�È��cd$��&2/û9�H�Ú6�cdGH

÷LhZ2 B$Çm�9�(1�1q��&�Çm�9�(.js���Ú

6q”0”=&����q2�(e=GH��w() 

 

 

 

 

� ?2ee9�Çm����)*.
�_+�½��»W�ü(=��µ

�$��&2=&�<���)*.
�_+��Çm��°\�hj,�

.jsÇm��-�Çh.�w()½?H��µ$/019�(23$ nm ×

9�(Çm�$íH4?Z256<��11(
�_+��7 )nm(2/1 +

9�H�n�08¨Æw(23/0×9#� )n(O =.()?2�çÚ6$¾½

¬K<¨©Oª«9�(23�xy9Ô�&256<�`:;$ï<9>

() 

 

 

 

 

 

� ���� ���	
����

(b)

(d)

(a)

(e)

(c)



 7

 

���� ����	
�
 

� 2.29�Çm����mR½��=>�>2$�e�mR9�Þ?91½@

A$.�Çm��56�ü&1��w(e=$9>Y�BzCD�E�=�

W()*+��(���ÍFÓ��GhHÎÏ9��(I��Í�sj½>q

ÑJ9�(Ó�<��9>(G�w(=BzCD�K$(=»WjZ()G

+�ÎÏi�G�.Ó�q��w(e=$9>(56Á4|�½��áw) 

 

 

0%?Y�Ó��°�Í�sj½>q	Lw(e==�ªEO.���{8|

qMNw(e=qOP��Ó��@AQqMN&��°q.3j1w()e

�
�_+qæ��&2<�qæ 2.4áw) 

 

 

 

� � � � � 1h,v,ih,v,i1h,v,ih.v,1i SSSS +−+ ⋅⋅=  

� � � � � � � � � � h,1v,ih,v,ih,1v,i SSS +− ⋅⋅+  

� � � � � � � � � � � 1h,v,ih.v.i1h,v,i SSS +− ⋅⋅+  

� � � � � � � � � � � � h,1v,ih,v,ih.1v.i SSS +− ⋅⋅+ � � � � � � F2.4H 

 

 

 

 

� 2.4� ������	
���������

(b)(a)
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ö%§�Ó��ÍmP��/0�rÓ�qÓ�w()e�=>�Ó�

�/0�½?H
�_+�G+���w(e=$9>(Ó��Í$v?+�

'()�$�2�Ó�q2��l&��+2�9��Ó��R.(��$�

G+�n.+�'(23����Ó�hZ2Ó�.(23��Ó�

$���?+wS.RqTU=&�¾��1½R¥&�¥V9�(Ó�9�

()*$�()G+�e�tuq�vw(23Ó��R=.(e=�9>(

���qWX²¢&2Fæ 2.5�æ 2.6H)�$e�??9��Ó��R=.(

e=�9>.�=&2���Ó��TU$�(56tu$EYw()G+

��Zw(e=$9>(���q��w(e=$)*9�(Fæ 2.7H) 

 

�Z9>(�9�56Á4|�=&�) 

 

 

� � � � � h,2v,ih,1v,ih,v,ih.1v,ih,v,1i SSSSS ++−+ ⋅⋅⋅=  

� � � � � � � � � � h,1v,ih,v,ih,1v,ih,2v,i SSSS +−− ⋅⋅⋅+  

� � � � � � � � � � � h,1v,ih,v,i1v,i SSS +− ⋅⋅+  

� � � � � � � � � � � � 1h,v,ih,v,ih.1v,ih,2v,i SSSS +−− ⋅⋅⋅+  

� � � � � � � � � � � � � h,2v,ih,1v,ih,v,ih,1v,i SSSS ++− ⋅⋅⋅+  

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � (2.5) 

 

 

 

 

� �m��Z9>.��9�56Á4|��� 

 

 

� � � � � h,2v,ih,1v,ih,v,ih.1v,ih,v,1i SSSSS ++−+ ⋅⋅⋅=  

� � � � � � � � � � h,1v,ih,v,ih,1v,ih,2v,i SSSS +−− ⋅⋅⋅+  

� � � � � � � � � � � h,1v,ih,v,i1v,i SSS +− ⋅⋅+  

� � � � � � � � � � � � 1h,v,ih,v,ih.1v,ih,2v,i SSSS +−− ⋅⋅⋅+  

� � � � � � � � � � � � � h,2v,ih,1v,ih,v,ih,1v,i SSSS ++− ⋅⋅⋅++  

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � (2.6) 

 

 

        =.() 
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� 2.6� ������	
��(2) 
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���

(b)

(d)

(a)
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'%Ó��ÍmP�Ó�hZ2[�§Ó��ÇhmP�ª¡Ú6�->h

.(?9�l&��')e�
�_+qæ��&2<�qæ 2.8áw) 

 

 

� � � � � 2h,v,i1h,v,ih,v,i1h,v,ih,v,1i SSSSS ++−+ ⋅⋅⋅=  

� � � � � � � � � � 1h,v,ih,v,i1h,v,i2h,v,i SSSS −−− ⋅⋅⋅+  

� � � � � � � � � � � � 1h,v,ih,v,i1h,v,i2h,v,i SSSS +−− ⋅⋅⋅+  

� � � � � � � � � � � � � 2h,v,i1h,v,ih,v,i1h,v,i SSSS ++− ⋅⋅⋅+  

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � (2.7) 

 

 

æ 2.8� Ó��ÇhmP���l 

 

 

 

ê%È[��H�Ú6�cdGH÷LhZ2 B$���ÍÎÏ�Ó�9�

+21�1q��&�Ó�9�+256����q2����w() 

 

 

 

 

� ?2ee9�Ó����)*.
�_+�½��»W�ü(=��µ�$

��&2=&�<���)*.
�_+��Ó�$\��=&256

�]^Ó��Çh¨Æw()½?H�Çm��56=î_�n�08¨Æ

w(23/0×9#� )n(O =.() 
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� eZ?9=>�>2Çm����56Á4|�����Çm�$�µ

¥&��¯��íH4?Z256�ü&1��9>.��?2�Ó���

xy���<Ó��TU$0�µ��rYZ(I����9>($�iZ

ÎQ�56���9>.�)G+��`[q»W256�ò�a���¥

Bq»W.rZs.j.�) 

 

� ���������	
�������������������	��� !�

"#$�%&'()*+,-./01234()*+,-./�5&	
���67&

8� 9:9 ;2 9:< �=>���?$@�&81����A� � �B�#�$�CDE

�#F����9:G 	0��HI+JKLMNOPQ�I+���RS$T���#U

VW�� ��X�Y�Z[$\#]^�_#F���` 9:a 	b\1cTUV$\�d

1�Fe

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

e

� ���� ���	
���������������e

e

e
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e

e f	�� ��Y�	0X#67gh	����%&'()*+,-./�i	$�

� !�"#$���$I+jklmln�op��W�qrs���T��t� h,vd

���mP��Ø��¯mP��Ø��µq�&� h,v,is ���Ø���mP�

�Ø��¯mP��Ø�Ú6�cdq�w=w()�

ÎÏ��� 0h,0v == 1j h,v �¤$b��&��'c3�mPq/Þ1

�mP9�(=&�iZ=��Wd(mPq/e1�mP9�(=�Êw()�

�

�

#!?Y� 1i = 9çÚ6�èéw(ê½��µ�$�\q=() 

�  

 

1h,1vh,1v1h,vh,vh,v,1 ddddS ++++ ⋅⋅⋅= � � � � � � � � � (2,8) 

 

 

ö%§ 2i = GHÞmPÇm�qÓ�&��>�ÞmP�r(È��c

d$��w(?9�lh&() 

 

 

� � � � � 1h,1v,ih,v,i1h,1v,ih.v,1i SSSS ++−−+ ⋅⋅=  

� � � � � � � � � � 1h,1v,ih,v,i1h,1v,i2h,2v,i SSSS ++−−−− ⋅⋅⋅+  

� � � � � � � � � � � � 2h,2v,i1h,1v,ih,v,i1h,1v,i SSSS ++++−− ⋅⋅⋅+ � � �  

 
(2,9) 

 

 

'%ÞmP�r(È��cd$��&2/û9�B�ðñº�q��&�§

emP�lh&��') 

 

 

� � � � � 1h,1v,ih,v,i1h,1v,ih,v,1i SSSS +−−++ ⋅⋅=  

� � � � � � � � � � � 1h,1v,ih,v,i1h,1v,i2h,2v,i SSSS +−−+−+ ⋅⋅⋅+  

� � � � � � � � � � � � 2h,2v,i1h,1v,ih,v,i1h,1v,i SSSS +−+−−+ ⋅⋅⋅+ � � �  

 
(2,10) 

 

�

ê%(mP¥&�È��cd$��&2/û9�H�Ú6�cdGH÷Lh

Z2 B$Çm�9�(1�1q��&�Çm�9�(.js���Ú6q”0”

=&����q2�(e=GH��w() 
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� eZj56Á4|���GHd1(e=���¯��mP9���56Á4

|��r(ðñº�=ðñº�i�<����&Y�÷L�ü$��&2

<�=.+��()½?H�2.2ÛÜ 2.3���=>256Á4|����

�÷Lq 

 

 

nh,nv,inh,v,i

nh,nv,ih,nv,i

nh,nv,inh,v,i

nh,nv,ih,nv,i

SS

SS

SS

SS

+−+

+++

−+−

−−−

→

→

→

→

� � � � � � � � � � (2.11) 

�

�

��������	
�� � ������������������� !"#$%

&�������'�

�

�

�

� ()���
�*+,	-.�/0123��(4���������	5678

9�:�	;*<=>?@�5��AB;CD3E*FGHI�J$AB:����

-K������LM�'�

�

�
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�

�

�

�

�

�

�

��������	�
�

��������

�
�

�

����56Á4|��Jf�76xy�Ô��K.23Verilog-HDL

G+�:;qg=&�Synopsysh�Design Analyzerqz��$�6Ä&�i�[

Avant!h�Apolloqz�(e=GHª¡Ú6q²¢²Ó&�i�ª¡Ú6q±

SO�>�²Ów(e=G+�ÔÕ�xy��85��qÖ×&��') 

�

�

���� ����	
������
 

� öÙ���»W256Á4|�Ýi>�ÔÕ�xy�Ö×qVerilog-HDL

G+�:;qg=w(e=G+��+2)?2�xyqÖ×w(ÕiZ

óZ�56Á4|��Þßàq?13(23	jk��	l�q�+2) 

� æ3.1�3.2�iZóZÇm����xy���Çm�=Çm�9�.� 

Bq÷L&256�	jk��	l�mnqæ��&2<�q�?2æ3.3�3.4

�Ó����xy�����9>(Ó�=��9>.�Ó��56�r

�áw) 
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� ���� ���	
���������������������

(a)

(b)

(e)

(f)

(c)

(d)

(g)
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�

�

�

� ���� ���	
����������������������

�

�

(a)(c)

(b)(d)
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�

� ���� ����	
��������������������

(d)(k)

(h) (a)

(i)

(c)(j)

(b)

(g)(n)

(l) (e)

(m) (f)
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�

�

�

� ���� ����	
��������������������

�

�

(a)

(c)

(b)

(d)

(e)
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� 3.1���Verilog-HDL9:;qg=&�56Á4|��Þßàq?132[�

Synopsysh�$�6Äo�69�(Design-Analyzerqz�(e=G+�$�

6Äq�+2)$�6Äq��e=GHp���q6�g=�rw(e=

$9>�p���st/0��ugO.²Óq��e=GHug²Óst/

0qv3(e=$9>()i�mn�st/0qÑ3��GH�Ô��cd

�	jk��	l�q��e=$9>() 

� `x<Çm�=Ó�q��w(xyiZóZ����st/0qÑ32c

d9�	jk��	l�q��xy�Þßàq?132) 

 

 
 

 

���� ������	��������
 
� eZ?9Çm���w(e=$9>(xy=�Ó�q��w(e=$9>

(xy½��xy�:;qg=&�i�	jk��	l�q��e=GH�

i�Þßàq?13�>2)�$Çm�q��w(e=$9>(xy��{8

|.¿$.�Þ?.Çm�$�µ¥&��¯��íH4?Z256&1

��w(e=$9>.�)G+��(I��Í�sj½>�ªEO.���{

8|qMNw(e=$9>(Ó���xy�m$�GH�ÔO9BzCD$K

�=�W()G+�ÎÏ���Ó�q��w(e=$9>(xy�ÔÕ��

85��qv3��') 

� Ó���xy��85��qÖ×w(�2H�?Yª¡Ú6��85��

qÖ×&�i�[�Ö×&2ª¡Ú6q£�4]
c²¢&�i�]1��

B�ðñº�q��&Ó�$��hZ256���q2�(23�Ú6��

çÚ6�µ�!"qwW(23�Ú6q²¢&�iZjq²Ów(e=G

+�Ó���xy��85��qÖ×w(e==w() 
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� ª¡Ú6��85��qÖ×w(mR=&��$�6Ä[�x_�4
�Fp

��=iZjq½.S²Ó�!"H1j�ÔÕ�Ú6�²¢=²ÓqAvant!h

�Milkyway=Apolloqz�(e=G+��+2) 

ee9yz&2+^Ú
�ROHM CMOS 0.6[zm] '{|}²Ó�+^Ú
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