
���������	��

������������������
��
��� �"!$#�%'&)(*!,+$&-!/.0.
132 &/4)56(*!75859(:&;.<50&=!>4@?7AB.C5D!750&E�F1,56G31/5H�@�
! I:&95J%K��#ML NO. 43&PGQ&@I:43&@I,5 ��ISRT? 13GU��I 56(:& +*!QR�1:&7. !/.V.9NXWYI:&Z4
5V� 59(:& N[I3GS1,5 .C%\N]50^P(UN_I:W +*!:#`Na!3b3Rc&7. d 56($&P#e& Nc. I:� 2 &P2 ��#f?�@��56(:& G$#e&
+UNg��1Z.h��1,59G31,5i�@�j59(:& I:&k5"%K��#"L I>��#j�@�l59(:&\+*!3Rm1:&7.
�@�n59(:& N[I/5V&P#"I*!QRoR�N_I:&
.>p
q �Qr��F�a

�tsl�juwv (:&x��1,56GS1,5y�U��!x�k���o���	��
k�����@^*N[#z^P1UN{5y4S&PGQ&@I:4@.13GQ��I 56(:& �����|�"�	��
 ����}���
 }	�Q
~
��	��� ����� 

��� �S���|�"�Y�S
�6
��3
�� s���
7��� �S����������
*p
v (:& .C5D!750& �@� 56(:& ^*N[#z^P1UN{5 Nc. #z&PG$#z&
.~&@I,5V&Z4 b6? 59(:& +*!3Rm1:&7.�@� ^/&P#�5D!@N_I N[I/5V&P#"I*!QR�+*!:#`Na!QbSRc&7. 56(*!75 !$#e& 2 !@N_I,5D!UN[I:&Z4 �@+:&@#
5�N[2 &Sp ��5 �0#e&@2 &@2 bQ&P#�.D� N[I/�`��#"2 !,5�Ng��I !QbU��1/5 56(:& G*#e&k+QN��F1Z.N_I3G31,5 GP!75�50&P#MI��M.��,p

�



v�%K� b*!/.9NX^ 5"?SGQ&
.��@�y.~&/��1:&PI,5�Na!3R�^$N_#e^@1UN]5<.=�
� � 13I:4�!32 &@I,5D!3R$2 �Y43& ��!/.V?3I:^@(3#���I:��1Z.��,�yN_I3G31,5<.;!:#e&�!/.|A.7132 &/4 5C� b3& ^,��I=.<5D!QI/5 RO�FI:W &PI:��1:WY( �`��# !3RmR;+*!:#`NTA
!3b3Rc&7.;�|N_I,5V&@#MI*!QR
!QI:4)��1/56G31,5~�l5C� !:^P(UNX&k+$&y.C5V&=!:4P?i.<5D!,5V&Sp�Y5D!750&\!QI:4 �F1,56G31/5y^P(P!QI:W3&7.��Y^/^@13#�N[I #e&
.7GU��IZ.~&E5C� 56($&
^@(*!QI:WS& N_I !QI/? N_I3G31,5 RtN[I$&Sp

� � 13R{.~&�2 �Y43&x�M.V?3I:^@(3#���I:��1Z.��,�nN[I3GS1,5|.n!QI$4 ^$N_#e^P1QN]5j��13I:^9A5�N��FI !:#e&�.V?3I:^@(3#���IQNO�/&/4 %\N{56( !QI�&k�/50&P#MIP!QR$G313R{.~&E.9NXWYI*!3R�p
�Bv ?3GUNX^=!QR�R]? bS1,5 I>�P5 !QR]%¡!�?Z. ! ^PRc�Y^@LQp[�

¢ �Q.<5 .�&/�Y1:&@I,5�N�!QRn^*N[#z^P1UN{5|. ?
��1 %\N[R�Rn&PI$^,��13I/5V&P# !:#z& GS13R].�&2 �Y43&�px��!/. !:#e& 2 �U.C5�4�NgW	N]5~!QR�.C?=.<5V&@2 . !75x.D�F2 & R�&k+$&PRX�

£



� 13R{.~& 2 �Y43& ^$N_#e^@1UN{5|. 43&PG3&PI:4 13GU�FI bP!/.9NX^ 2 &@2 ��#�? ^/��2)AGU�FI:&PI,5<.�59(*!75 !:#z& ��1SI:4�!Q2 &PI/5D!QR¤2 �Y4S&Sp
¥ 4S4�N]5�N��FI*!QR�RT?/¦3��13I$4�!Q2 &PI,5~!QR32 �Y43& Nc.\1Z.~&Z4 %�($&PI (UNgW�( GQ&P#§A�`��#M2 !QI$^/& NO. #e&Z�Y1UN_#e&Z4¤p �¨5 Nc. 2 1:^@( 2 ��#z& ^,��2 G3RtNg^>!75V&Z4 5V�
43&7.9NXWYI ��13I$4�!Q2 &PI,5~!756R�2 ��43& 59(*!QI G313R{.~& 2 �Y43&�p
© & %\N[R�Rª^,�FIZ.9NX43&P#¡«l#�.<5 (>�=% ��13I:4�!Q2 &PI,5~!QRH2 �Y43& ^$N_#e^@1UN]5<.^>!QI b3& 1=.~&/4 5C� N_2 GSRc&@2 &@I,5 ! 2 &@2 ��#�? 43&
+UNX^/&Sp
v (:& N[I,50&P#"I*!QR¤+*!$#¬N�!Qb3R�&
. !:#e& .<5C��#e&/4 +UN�! 59(:& 1Z.~& �U���Psl­ ®
¯ ���	�3
k�msl�����n�B�3��� ¯ ����°F¦KN¨p�&Spf¦8.D�F2 &
%�(:&P#z& N_I 56(:& I:&k5"%K��#"L59(:& ��1,59G31,5 �@� ! W�!750& NO. ^/��I3I:&Z^95V&Z4 5V� 59(:& N_I3G31,5 �@� !QI
�01SGZ.<56#z&=!Q2 � W�!,5V& 56(:&@#e&@b6? �¬��#M2 N[I$W ! ^
?:^PR�& N[I 56($& I:&95�A%K��#"LQp

±



² �3
6�����S�
¥ ���Q
6��� NO. ! .9N_2 G3Rc& ��13I:4�!Q2 &@I,5D!QR�2 �Y43& .~&/�Y1$&PI,5�Na!QR�^*N[#§A^@1UN]5'56(P!75\1=.~&
.�^/��2 bUN_I*!75�Ng��I*!3R$�`&Z&/4Yb*!:^PL�5C� .<5C��#e& ! .9NXWYI*!QR
+P!QRm1$&Sp
³ I:^/&�59(:& Rg!750^P( G$#��FGQ&P#�5�NX&
.�!:#e& 1SI:43&P#�.<5C�Y�Y4 !3I:4 !QI &k´�&/^9A
5�N{+$&i43&
.kNgWYI G*#��Y4Y1$^/&/4�¦,56(:&
?-^=!QI b3&�1Z.~&/4 !Z.'b*!/.9NX^\2 &P2 ��#f?
43&
+UNX^/& !QI:4 ^/��2 bUN_I:&/4 %\N{56( �P59(:&P#iRX!750^P(:&7. !3I:4 ^,�F2 bQN[I*!7A5�N���IP!QR:RO��W�Ng^\N_I\! RX!:#zW3&P#���13I:4�!Q2 &@I,5D!QR>2 �Y43&E��#�G313R{.~&�2 ��43&^*N[#z^P1UN{5,p
© & %\N[R�R�^/��IZ.9NX43&P#µ!QI �y¶K®��m�3
���� ��#y! .�&95�A~#e&7.~&95 RX!75V^@(�p

NOR gate implementation of an SR−latch
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Two stable states are of most interest
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Latch is set
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Latch is reset

For either steady−state situation above,

if the input that was 1 is changed to 0  the latch

remains set or reset, i.e.,  the state ( Q  ,  Q  )  does not change
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2

1

2

since gate 1 and gate 2 are "opaque" respectively.

Note outputs

are complements
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Latch is neither

set or reset

memory is cleared

Q  is not  Q’

If  (S, R)  is changed to (0, 0)   the cleared state

is not maintained.  The latch must pass through

a state of  (1, 0 )  or  (0, 1)  depending on gate delays.

Therefore,  it will settle to a set  or reset state

indeterminately  when starting from the cleared

memory state.
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A gated  SR−latch
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NOR gate implementation of an SR−latch
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Q = DC + C’ q

0

1

00          01            11           10
CD

q

0

1

00          01            11           10
CD

q

0

1

00          01            11           10
CD

q

0 0 1 0

1 1 1 0

Transition 

Table

Stable 1−sets0 0 1 0
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DCC’q

D+q

C’+DC+q

Stable 0−sets

(C+C’)
is the only
unstable 0−set
which corresponds
to the static 1−hazard
seen above

No static 0−hazards

£9à



v (:&P#z& !:#z& 59(3#e&Z& ^=!/.�&
. �@� N[I/5V&P#z&
.<5 %�(:&PI 59(:& RX!750^P( Nc.
59#É!QIZ.kN]5�N���IQN[I:W bQ&95J%'&/&PI 56(:& 5J%K� 2 N_I,5V&@#M2 .�.
(>�=%�I	p
þ �>À ¿ Á

ÿ � þ ß þ Ì � Þ Ë Å
Á � À�ß Á � Á Ë Á
Á � À�ß À � Á Ë À
Á � Á�ß À � À Ë Á
Á � Á�ß À � Á Ë Á

�È&Z�Y1:&@I:^/&E�@�ª^@(*!QI:W3&7.=� þµÌ:4�#���GZ.��3þ #`NO.�&
.'!QI:4 Å �`&Z4 bP!>^PL��
Å .~&Z^,��I$4 �`&Z&/4Yb*!:^PLQp v (:& �`&Z&/4Yb*!:^PL Nc. .<5C�FG3GQ&/4 4Y1:& 5V�
þ Ì Ë À !QI:4 ÿ Ë Á (>��R�4�N_I:W¤p �Y5D!75�Ng^ Á6AD(P!/�=!:#e4¤¦ª.~&95�56R�&
. 5V�
^/��#M#z&/^95i.<5~!75V&�pâ�ôI:^/��#M#z&/^k5)N[I/�`��#"2 !,5�Ng��I (>�=%'&
+:&P#�¦¤(*!/. bQ&Z&PI
.~&@I,5\��1,5���#���2 56(:& RX!75V^@(�p

£=�



þ ��Á�¿ À

ÿ � þ ß þ Ì � Þ Ë Å
Á � Á�ß À � Á Ë Á
Á � À�ß À � Á Ë À
Á � À�ß À � À Ë À
Á � À�ß Á � À Ë À

�È&Z�Y1:&@I:^/& �@�\^P(*!QI$W3&
.=� þ 4Y#e��GZ.��µÅ �`&Z4 b*!>^@L bQ&
�¬��#e& þnÌ
!,´�&Z^95<. ¥ ÖKä W�!750&���þnÌl#`NO.�&
.=p
v (:& !,´�&/^k5 �@� þµÌKNO. I>�P5 �M&PRT5 4Y1:& 5C� 56(:& �J!/.<5 �`&Z&/4Yb*!:^PL
�@�K56($& Å Ë À %�(UNX^P( 2 !QL�&
. 56(:& ¥ Ö�ä W�!750& ��GP!>�Y1:&�p Ö8�
(*!Z�Z!$#e4 .~&Z&PI bS1,5,¦�.~&k5�59Rc&7.�5C� N_I:^,��#"#e&Z^95�À .C5D!750& !3I:4 (>��R�4@.
59(:&P#z&Sp

£6£



þ ��Á�¿ À

ÿ � þ ß þ Ì � Þ Ë Å
Á � Á�ß À � Á Ë Á
Á � À�ß À � Á Ë À
Á � À�ß Á � Á Ë Á
Á � À�ß Á � À Ë À
Á � À�ß Á � Á Ë Á

�È&Z�Y1:&@I:^/&h�@��^P(*!3I:W3&
.>�Hþ 4Y#e��GZ.��Qþ Ì #¬Nc.~&7.ibQ&
�¬��#e&¡�`&Z&/4Yb*!:^PL�@�hÅ Ë À ¥ ÖKä W�!,5V&��lÅ Ë À �M&/&Z4Yb*!>^@L���Å Ë Á �`&Z&/4Yb*!:^PL&k5V^Sp
�	5~!75�NX^ Á6A~(*!/�=!:#e4 ��I !\59#É!QI=.
G*!:#z&PI,5'�`&Z&/4 b*!>^PL Rc�	��G 4Y1:&�5V�þ Ì Ë Á !QI:4 þ Ë ÀÈp'³ .~^*N[R�Rg!,5�Ng��I �Y^/^@13#f.¡%�(QNg^@( N_I G$#Ò!>^95�Ng^Z&%\N_RmR�.~&95�56R�& I:��I:43&k5V&P#"2 N[IUNc.<5�Ng^>!QRmR]?/p
v (:& �U.~^$N_R�Rg!75�N��FI �@�E56($& � Î Rg!,5V^P( ^=!QI !QR{.D� bQ& &9��G3RX!@N[I$&/4
!/. ! .<5~!75�NX^ (*!/�=!:#e4 �FI ! 56#Ò!QIZ.
GP!:#e&@I,5\�M&/&Z4Yb*!>^@L Rc�	��G�p

£6±



D

C

q

Q

&

&

+

&
D

Add another stable 1−set   D q

This removes the static 1−hazard
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