
�����������
	��
�
�����
�����
�������
��������� � �!��	
�
�#"$�&%�'
(*)�+�,.-0/213)�4�/�5.6�7&89)�:;/2-=<9:>,?8@7&4�AB<94�)�)�-=<94�A3,.4�CEDF5B13+�G�/H)�-JI
:K<9)K4�:�)

L
MONBN.NQPSR 4�/H-H5�C�G�:K/H5B-=T (*<9AB<U/V,.8WI�T�X=/H)�13X
YZ,.[\5B-2,]/25B-0T

^3_a`cbed I
)K+�/2)K1f[!)K-*g.h
i�g.jBjBg

N M�MKM�M�MKM�MKM�M�MKM�M>kml j�n
g M�MKM�M�MKM�MKM�M�MKM�M>kco j�n
l M�MKM�M�MKM�MKM�M�MKM�M>kml j�n
pJq*psr
Y M�M�MKM�MKM�M�MKM�MKM�Mtk$N jBj�n

I�qQYauJp R qQv

R 4�C�<O:>,?/H)
wS5BG�-xI
)�:;/2<O5B4

k n yB,.13)�X N g{zS|
k n y.)�4�4�<O6})K- N zS|
k n vx)K<9-H, l zS|

p�~�<OXJ��G�<O�Q<9X
���}�!�K�
���f�W�\����q*4�)�~�,.4�C���-=<O/=/2)�4��=:K-H<9[��{XH~�)K)K/x<9X�,.8O895t�F)KC M

z&G�/�TB5BG�-J4�,.1�)Q5.4�,.8O8WX=~�)�);/2X*,?4�C�<94�C�<O:>,?/H)*TB5BG�-JX=)�:;/2<95.4�5B4 /H~�<9X�+�,?AB) M

�e-H<O/H)�,.898\TB5BG�-
,.4�X=��)�-HXJC�<O-H)�:;/28UT�5B4�/2~�)���G�<O� M

I
~�5t��,.898�5?6sT.5BG�-��F5.-H� M

wS5BG�,.-=)*4�5./�-=)���G�<9-=)�C /25�G�X=)�,f895BAB<O:x/H)�13+�8�,?/H).i
[�G�/�TB5.G�1�G�X=/J ¢¡��\��� _Z£ ��¤\� _Z£ ¡�¥s�;¦f� £ �3¡ £ �
�}��§ `}¨ �}� M



©�ªU«B«B« ¬Q­.®9¯�« °�±�²x³�´aµ;±�¶*·

¸�¹]º�»s¼c½�¾ ¿�À�Á�ÂmÃZÄ�½�¹ÆÅ
Ç@½�¹]È�ÂcÉ�½�É
ab

c 00 01 11 10

0

1

0 1X X

X111

ab

c 00 01 11 10

0

1

0 1X X

X111

ab

c 00 01 11 10

0

1

0 1X X

X111

ab

c 00 01 11 10

0

1

0 1X X

X111

This is MPS This is MSP

A + C
A

C

Ê�ËOÌBÍ�ÎHÏ�ÐBÑ#Ò�Ó.ÎHÔ�Ó?Í�ÌBÕ�Ö�Ó.×�Ø�Ù.Ú�Ó{Û9ÙBÌBËOÜ>Ó.Û\Ú}Í�Ô�Ü;Ý2Ë9Ù.Ô

Ê�Ë9Ì.Í�ÎHÏ{Ð�ØHÕ�ÙßÞ�Ø�Ú}ÙBÍ�Î�ÜKÙB×�Ë9ÏKØ�Ù.ÚaÝ2Õ�Ï�Ò�Ó.ÎHÔ�Ó.Í�ÌBÕ�àÆÓ?× Ù.Ú�Ø=ÙBà�ÏQÛOÙBÌBËOÜ
Ú}Í�Ô�Ü;Ý2Ë9Ù.Ô�á
ÐBáxâ
Õ�ÙßÞãÝ2Õ�ÏäÌ.ÎHÙBÍ�×�Ë9Ô�ÌBØ�Ý2Õ�Ó?Ý�Ü�ÙBÎ=ÎHÏ�Ø=×!Ù.Ô�å�Þ�ËUÝ2ÕæÝHÕ�ÏeÖ�ç$èxç0Ö�é
êë×�Î=Ù
å�Í�ÜKÝ�Ù.Ú�ØHÍ�à�Ø�Ú}ÙBÎ�Ý2Õ�ËOØ
Ú}Í�Ô�ÜKÝ2ËOÙBÔ�á#ìJØHÏ�ÙBÔ�Ï�Ù.ÚaÝ2Õ�Ï�íBîïà�Ó.×�ØJÓ.Ô�å�ËOÔ�å�ËOÜ>Ó?ÝHÏ*Þ�Õ�Ë9ÜVÕ�ÙBÔ�Ï�Ë9ØJÖ�ð�â\á

· á�ñòÕ�Ó]ÝxËOØ�Ý2Õ�Ï�Ïôó�×�ÎHÏ�Ø=ØHËOÙBÔ�Ú}Ù.Î�ÝHÕ�ÏõÖ�ðSâ�ö
Êø÷ëùûúüé

ý áxâ
Õ�ÙßÞãÝ2Õ�ÏäÌ.ÎHÙBÍ�×�Ë9Ô�ÌBØ�Ý2Õ�Ó?Ý�Ü�ÙBÎ=ÎHÏ�Ø=×!Ù.Ô�å�Þ�ËUÝ2ÕæÝHÕ�ÏeÖ�ç$èxç0Ö�é
êëØHÍ�à Ù.Úõ×�ÎHÙ�å�Í�Ü;Ý2Ø�Ú}ÙBÎ�Ý2Õ�ËOØ
Ú}Í�Ô�ÜKÝ2ËOÙBÔ�á#ìJØHÏ�Ó.Ô�Ù.ÝHÕ�Ï�Î�Ù.ÚaÝ2Õ�Ï�íBîþàÆÓ.×�Ø�Ó.Ô�å�Ë9Ô�å�ËOÜ>Ó?ÝHÏ*Þ�Õ�Ë9ÜVÕ�ÙBÔ�Ï�ËOØJÖEâ�ðsá

ÿ á�ñòÕ�Ó]ÝxËOØ�Ý2Õ�Ï�Ïôó�×�ÎHÏ�Ø=ØHËOÙBÔ�Ú}Ù.Î�ÝHÕ�ÏõÖEâ�ðSö
Êø÷ éüúüù

� á��*Ù�Ï�ËUÝ2Õ�ÏKÎ�Ù.ÚaÝ2Õ�ÏKØHÏ�Û9ÙBÌBËOÜ>Ó.Û�Ú}Í�Ô�Ü;Ý2ËOÙBÔ�Ø�Ï;ó
Õ�Ë���ËOÝJÓ{Ø=Ý2Ó?Ý2ËOÜQÕ�Ó���Ó.ÎHå�ö�çþÚsØHÙ	��Þ�Õ�Ë9ÜVÕ�ÙBÔ�Ï>ö
éxÔ�Ø=Þ�Ï�ÎKÑFèJÙ
��Ô�Ï�ËUÝ2Õ�ÏKÎ�Õ�Ó.ØJÓ�Ø=ÝVÓ]Ý2Ë9ÜQÕ�Ó��>Ó.Î=å

� á�éxÎHÏQÝ2Õ�Ï�ÛOÙBÌBË9Ü�Ó.Û�Ú}Í�Ô�ÜKÝHË9ÙBÔ�ØJÏ
��Í�Ó.Û ö
éxÔ�Ø=Þ�Ï�ÎKÑ��SÏKØ



��������� ��������� ���! #"%$'&(�!)+*

,.-0/21436587 9�:.;!<>='<@?A5CBD?AE	?F5HGIEKJ0L4<6='58M

Q  Q

Q  x

2    1

0   
00      01       11     10

00

01

11

10

X

X

X

X X

X

Q  Q

Q  x

2    1

0   
00      01       11     10

00

01

11

10

X

X

X

X X

X

Q  Q

Q  x

2    1

0   
00      01       11     10

00

01

11

10

X

X

X

X X

X

0

1

0 0

000

0

0 0

1

1

0 0 0

00

0 0

0

0 0 0

1 1 0

00

0 0

0
D

1
D

2
D

NPO�Q�R
SUT.VXW�Y[Z�S]\KZ^R
Q�_a`bZ�c
dfehg�SfNji	`

klg�RC_KZFm�TonDT
Tp\C_
O�S]TpqCn�rtsvu]dUr�wyxzO�u{d|r}`bZ�~�_
O�\
To�zg��ocKZ�\�rtZ^\
q}r�g�R
S��KSUdUu%�Ug�ntO�d�u{g�S]T
d]R
SUS]Tp~(u
Zt�K\
O�u]Tad|u�Z^u]Ta��Z�~�_
O�\
T�u{_KZ0uo�zZ�d�q
TpdUO�Q�\
T
q�n�r�Z��UR	\
O�g�S�T
\
Q�O�\	TpTpS��f_
g�O�d�\
g}��g�\
Q�TpS��fO�u]_�u{_	T
~pg���cKZ^\�r��liXTpT
��d�Z�dlO�eDu{_
O�d�c�TpSUd]g�\��zZ�dlm�TpS|rod]��g�c
c�r�Z^\
q�u]_
T+g�\	��r�O�\	ehg�S]��Z^u]O�g�\�r�g�R�~FZ^\��K\
q�O�dlZ
d]O�\
Q���T+cKZ�Q�T+g�e'cKZ�c�TpSz~pg�\�u�Z^O�\
O�\
Q�u]_
T�Y[Z�S]\
Z�R
Q�_�`bZ^c
d%d]_	g��f\�O�\�NPO�Q�R
S]T�VX���!_
T
S]T[Z�SUT�g�n�m8O�g�R
dU��r
u{_	S]TpT#dUu{Z^u{T+m^Z�SUO�Z�n	��TpdlZ�\	q�O�uzZ�c
c�TFZ�SUd�u]_
TpSUT+O�dlg�\
T#O�\
c	R	u[���K���liXO�\	~pTfu{_
T�d|u�Z^u]Tpd#�A 	��¡����A �Z�\
qH�����
_KZFm�T�q
g�\�¢£u.~FZ�SUTpd.O�\tu{_	Tp��¡4O�u.Z�c
c�TFZ�SUd.u]_KZ^u.g�\
��rHdUu{Z^u{T
d¤ �u{_	S]g�R
Q�_¦¥��> � � 	¡' � 	��¡' 	�A X¡4 X����Z^\
q
�A � ��%Z�S]T�g�e4O�\�u]TpS]T
dUup�
���!§¨_KZ0ufZ�S]T�u]_
T[`asy©�s|`aª�«���g�Q�O�~FZ��2T��	c	S]TpdUd]O�g�\
d!ehg�S%TpZ�~�_�g�e¬u{_
T�d|u�Z^u]T+m^Z�S]O�Z�n
��T#O�\
c	R	u{d[�@u{_KZ0u
O�dp¡Xu]_
T�O�\	c
R	u%u]g�u{_
T+­
O�cXw®­Kg�c�u{_
Z^u%�fO����D_	g���q�u]_
T�dUu{Z^u{TF�(�jª#d]d]R	��T�u]_
T[¯#wvu°r8c�T+­KO�c�­
g�c
dfZ�SUT
u]gon�T[R
d]T
q��
±�²z³µ´�¶¬·%´.¸j·�¹

±�¶j³µ´�¶¬· ´ ¸ ·�¹�º ´ ¶ ·%´[¸j·z¹

±�¸z³ ´ ² · ´ ¸ ·�¹

VX�#»�\�u{_
T�d|u�Z^u]T�u{S]Z�\
d]O�u{O�g�\�q
O�Z�Q�S{Z^�¼dU_
gA�f\aO�\�NPO�Q�R
S]T * ¡
d]_	g��½u{_
T[Z^~
u{R
Z��¾u{S]Z�\
dUO�u{O�g�\
d�T(�X_
O�n8w
O�u{Tpq�n�r�u]_
O�df��Z�~�_
O�\	T�¡KZ�dfO�\	­KR
T
\
~pT
qan�r�u{_	T.O�\
c
R	u%�D�



¿�À�Á�Á�Á Â�Ã�Ä�Å�Á Æ�Ç!È#É%Ê'Ë(Ç!Ì#Í

0

1

23

4

x=0

x=1

x=0

x=1

x=1

x=1
x=0x=0

1

ÎPÏ�Ð�Ñ
ÒUÓ[Ô	ÕjÖy×!ØÙÎPÏ�Ú
Ï�Û{Ó[Ü�Û�Ý^Û]Ó¤ØaÝ�Þ�ß
Ï�Ú	Ó



à�á�â�â�â ã�ä�å�æ�â ç�è!é#ê%ë'ì(è!í�î

ï.ð0ñ2ò4ó6ô8õ öø÷[ù�ú>õ¦ú>û¬ü�ýÿþ�����������þ	����
����
�������������������������������
���������
� ��!"�#!%$&�#���

('*)
+jý,���(�
-.'/���0'
1 ��þ�þ�� ����!
�2����-.��!0�3����
(��-4'5��'6
(��7

8 +*9:�;��':</'
þ=�?>A@;BC!�D

@�+E$F$HGzþ#���JI.����KL</'pþ��?> 8 B�!	D

M +E$F$ ý*��>N!
�J�

���!
���
�*O�!
�
�0���(��K î !�D

PQ�
'6�(':�������������
�����?R�'�SUT5VUWYXJZN[�\UWY\U]^T��pþ#'?��
Q�#!
�
�0�(��+
_ !`�(�
'3���#-4�#!
�ba
������
��;-c� 1 $&�#���

(' î�d �(�
� �e�(�
'C���f'�
��U������!g� 1 �(�
'����#
(�6�
�#��+�ý,���(�
-.'������;�h�U�

���0'hif'�����!
!
�#!
��if�����%���#���j�����
�����?R�'2K:k:B�+

> CL

D Q

Q > CL

D Q

Q

A

B

C
+5

/CLK

$l�����

�'/)
7m$��
!
!n>oG��#
(���0�#�

Clock to Q
10 nS

Clock to Q
10 nS

5 nS Async CLR to Q

/CLK

A

B

C

20 nS Combinatoric

5 nS

$&�����

(' î 7pPQ�#-4�#!
�C</�=�;��
���- 1 ��
�qp
���i
þ�'6- M


