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6HTXHQWLDO�ORJLF

❚ 6HTXHQWLDO�FLUFXLWV
❙ VLPSOH�FLUFXLWV�ZLWK�IHHGEDFN
❙ ODWFKHV
❙ HGJH�WULJJHUHG�IOLS�IORSV

❚ 7LPLQJ�PHWKRGRORJLHV
❙ FDVFDGLQJ�IOLS�IORSV�IRU�SURSHU�RSHUDWLRQ
❙ FORFN�VNHZ

❚ $V\QFKURQRXV�LQSXWV
❙ PHWDVWDELOLW\�DQG�V\QFKURQL]DWLRQ

❚ %DVLF�UHJLVWHUV
❙ VKLIW�UHJLVWHUV
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6HTXHQWLDO�FLUFXLWV

❚ &LUFXLWV�ZLWK�IHHGEDFN
❙ RXWSXWV� �I�LQSXWV��SDVW�LQSXWV��SDVW�RXWSXWV�
❙ EDVLV�IRU�EXLOGLQJ��PHPRU\��LQWR�ORJLF�FLUFXLWV
❙ GRRU�FRPELQDWLRQ�ORFN�LV�DQ�H[DPSOH�RI�D�VHTXHQWLDO�FLUFXLW

❘ VWDWH�LV�PHPRU\
❘ VWDWH�LV�DQ��RXWSXW��DQG�DQ��LQSXW��WR�FRPELQDWLRQDO�ORJLF
❘ FRPELQDWLRQ�VWRUDJH�HOHPHQWV�DUH�DOVR�PHPRU\
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&LUFXLWV�ZLWK�IHHGEDFN

❚ +RZ�WR�FRQWURO�IHHGEDFN"
❙ ZKDW�VWRSV�YDOXHV�IURP�F\FOLQJ�DURXQG�HQGOHVVO\
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�UHPHPEHU�

�ORDG�
�GDWD� �VWRUHG�YDOXH�
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�VWRUHG�YDOXH�

6LPSOHVW�FLUFXLWV�ZLWK�IHHGEDFN

❚ 7ZR�LQYHUWHUV�IRUP�D�VWDWLF�PHPRU\�FHOO
❙ ZLOO�KROG�YDOXH�DV�ORQJ�DV�LW�KDV�SRZHU�DSSOLHG

❚ +RZ�WR�JHW�D�QHZ�YDOXH�LQWR�WKH�PHPRU\�FHOO"
❙ VHOHFWLYHO\�EUHDN�IHHGEDFN�SDWK
❙ ORDG�QHZ�YDOXH�LQWR�FHOO
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0HPRU\�ZLWK�FURVV�FRXSOHG�JDWHV

❚ &URVV�FRXSOHG�125�JDWHV
❙ VLPLODU�WR�LQYHUWHU�SDLU��ZLWK�FDSDELOLW\�WR�IRUFH�RXWSXW�WR����UHVHW ���RU
���VHW ��

❚ &URVV�FRXSOHG�1$1'�JDWHV
❙ VLPLODU�WR�LQYHUWHU�SDLU��ZLWK�FDSDELOLW\�WR�IRUFH�RXWSXW�WR����UHVHW ���RU
���VHW ��
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❚ 7UXWK�WDEOH�RI�5�6�ODWFK�EHKDYLRU
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7KHRUHWLFDO�5�6�ODWFK�EHKDYLRU

❚ 6WDWH�GLDJUDP
❙ VWDWHV��SRVVLEOH�YDOXHV
❙ WUDQVLWLRQV��FKDQJHV
EDVHG�RQ�LQSXWV

4�4

����

4�4

����

4�4

����

4�4

����

65 ��
65 ��65 ��

65 ��

65 ��
65 ��
65 ��

65 ��
65 ��

65 �� 65 ��

65 ��65 ���

65 �� 65 ��
65 ��

SRVVLEOH�RVFLOODWLRQ
EHWZHHQ�VWDWHV����DQG���
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2EVHUYHG�5�6�ODWFK�EHKDYLRU

❚ 9HU\�GLIILFXOW�WR�REVHUYH�5�6�ODWFK�LQ�WKH�����VWDWH
❙ RQH�RI�5�RU�6�XVXDOO\�FKDQJHV�ILUVW

❚ $PELJXRXVO\�UHWXUQV�WR�VWDWH�����RU����
❙ D�VR�FDOOHG��UDFH�FRQGLWLRQ�
❙ RU�QRQ�GHWHUPLQLVWLF�WUDQVLWLRQ

65 ��65 ���

4�4

����

4�4

����

4�4

����

65 ��

65 ��
65 ��
65 ��

65 ��
65 ��

65 �� 65 ��

65 �� 65 ��
65 ��

CSE 370 - Winter 2000 - Sequential Logic - 10

4�W�∆�
5
6

Q(t)

6 5 4�W� 4�W�∆�
� � � �
� � � �
� � � �
� � � �
� � � �
� � � �
� � � ;
� � � ;

KROG

UHVHW

VHW

QRW�DOORZHG FKDUDFWHULVWLF�HTXDWLRQ
4�W�∆�� �6���5¶�4�W�

5�6�ODWFK�DQDO\VLV

❚ %UHDN�IHHGEDFN�SDWK
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*DWHG�5�6�ODWFK

❚ &RQWURO�ZKHQ�5�DQG�6
LQSXWV�PDWWHU
❙ RWKHUZLVH��WKH
VOLJKWHVW�JOLWFK�RQ�5
RU�6�ZKLOH�HQDEOH�LV
ORZ�FRXOG�FDXVH
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SHULRG

GXW\�F\FOH��LQ�WKLV�FDVH������

&ORFNV

❚ 8VHG�WR�NHHS�WLPH
❙ ZDLW�ORQJ�HQRXJK�IRU�LQSXWV��5
�DQG�6
��WR�VHWWOH
❙ WKHQ�DOORZ�WR�KDYH�HIIHFW�RQ�YDOXH�VWRUHG

❚ &ORFNV�DUH�UHJXODU�SHULRGLF�VLJQDOV
❙ SHULRG��WLPH�EHWZHHQ�WLFNV�
❙ GXW\�F\FOH��WLPH�FORFN�LV�KLJK�EHWZHHQ�WLFNV���H[SUHVVHG�DV���RI�SHULRG�
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&ORFNV��FRQW·G�

❚ &RQWUROOLQJ�DQ�5�6�ODWFK�ZLWK�D�FORFN
❙ FDQ
W�OHW�5�DQG�6�FKDQJH�ZKLOH�FORFN�LV�DFWLYH��DOORZLQJ�5�DQG�6�WR�SDVV�
❙ RQO\�KDYH�KDOI�RI�FORFN�SHULRG�IRU�VLJQDO�FKDQJHV�WR�SURSDJDWH
❙ VLJQDOV�PXVW�EH�VWDEOH�IRU�WKH�RWKHU�KDOI�RI�FORFN�SHULRG
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&DVFDGLQJ�ODWFKHV

❚ &RQQHFW�RXWSXW�RI�RQH�ODWFK�WR�LQSXW�RI�DQRWKHU
❚ +RZ�WR�VWRS�FKDQJHV�IURP�UDFLQJ�WKURXJK�FKDLQ"

❙ QHHG�WR�EH�DEOH�WR�FRQWURO�IORZ�RI�GDWD�IURP�RQH�ODWFK�WR�WKH�QH[W
❙ PRYH�RQH�ODWFK�SHU�FORFN�SHULRG
❙ KDYH�WR�ZRUU\�DERXW�ORJLF�EHWZHHQ�ODWFKHV��DUURZV��WKDW�LV�WRR�IDVW

CSE 370 - Winter 2000 - Sequential Logic - 15

0DVWHU�VODYH�VWUXFWXUH

❚ %UHDN�IORZ�E\�DOWHUQDWLQJ�FORFNV��OLNH�DQ�DLU�ORFN�
❙ XVH�SRVLWLYH�FORFN�WR�ODWFK�LQSXWV�LQWR�RQH�5�6�ODWFK
❙ XVH�QHJDWLYH�FORFN�WR�FKDQJH�RXWSXWV�ZLWK�DQRWKHU�5�6�ODWFK

❚ 9LHZ�SDLU�DV�RQH�EDVLF�XQLW
❙ PDVWHU�VODYH�IOLS�IORS
❙ WZLFH�DV�PXFK�ORJLF
❙ RXWSXW�FKDQJHV�D�IHZ�JDWH�GHOD\V�DIWHU�WKH�IDOOLQJ�HGJH�RI�FORFN�EXW
GRHV�QRW�DIIHFW�DQ\�FDVFDGHG�IOLS�IORSV
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❚ ,Q�ILUVW�5�6�VWDJH�RI�PDVWHU�VODYH�))
❙ ������JOLWFK�RQ�5�RU�6�ZKLOH�FORFN�LV�KLJK�LV��FDXJKW��E\�PDVWHU�VWDJH
❙ OHDGV�WR�FRQVWUDLQWV�RQ�ORJLF�WR�EH�KD]DUG�IUHH
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'�IOLS�IORS

❚ 0DNH�6�DQG�5�FRPSOHPHQWV�RI�HDFK�RWKHU
❙ HOLPLQDWHV��V�FDWFKLQJ�SUREOHP
❙ FDQ
W�MXVW�KROG�SUHYLRXV�YDOXH��PXVW�KDYH�QHZ�YDOXH�UHDG\�HYHU\�FORFN
SHULRG�

❙ YDOXH�RI�'�MXVW�EHIRUH�FORFN�JRHV�ORZ�LV�ZKDW�LV�VWRUHG�LQ�IOLS�IORS
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KROGV�'
�ZKHQ
FORFN�JRHV�ORZ

KROGV�'�ZKHQ
FORFN�JRHV�ORZ

(GJH�WULJJHUHG�IOLS�IORSV

❚ 0RUH�HIILFLHQW�VROXWLRQ��RQO\���JDWHV
❙ VHQVLWLYH�WR�LQSXWV�RQO\�QHDU�HGJH�RI�FORFN�VLJQDO��QRW�ZKLOH�KLJK�
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(GJH�WULJJHUHG�IOLS�IORSV��FRQW·G�

❚ 3RVLWLYH�HGJH�WULJJHUHG
❙ LQSXWV�VDPSOHG�RQ�ULVLQJ�HGJH��RXWSXWV�FKDQJH�DIWHU�ULVLQJ�HGJH

❚ 1HJDWLYH�HGJH�WULJJHUHG�IOLS�IORSV
❙ LQSXWV�VDPSOHG�RQ�IDOOLQJ�HGJH��RXWSXWV�FKDQJH�DIWHU�IDOOLQJ�HGJH
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7LPLQJ�PHWKRGRORJLHV

❚ 5XOHV�IRU�LQWHUFRQQHFWLQJ�FRPSRQHQWV�DQG�FORFNV
❙ JXDUDQWHH�SURSHU�RSHUDWLRQ�RI�V\VWHP�ZKHQ�VWULFWO\�IROORZHG

❚ $SSURDFK�GHSHQGV�RQ�EXLOGLQJ�EORFNV�XVHG�IRU�PHPRU\�HOHPHQWV
❙ ZH
OO�IRFXV�RQ�V\VWHPV�ZLWK�HGJH�WULJJHUHG�IOLS�IORSV

❘ IRXQG�LQ�SURJUDPPDEOH�ORJLF�GHYLFHV
❙ PDQ\�FXVWRP�LQWHJUDWHG�FLUFXLWV�IRFXV�RQ�OHYHO�VHQVLWLYH�ODWFKHV

❚ %DVLF�UXOHV�IRU�FRUUHFW�WLPLQJ�
❙ ����FRUUHFW�LQSXWV��ZLWK�UHVSHFW�WR�WLPH��DUH�SURYLGHG�WR�WKH�IOLS�IORSV
❙ ����QR�IOLS�IORS�FKDQJHV�VWDWH�PRUH�WKDQ�RQFH�SHU�FORFNLQJ�HYHQW
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WKHUH�LV�D�WLPLQJ��ZLQGRZ��
DURXQG�WKH�FORFNLQJ�HYHQW�
GXULQJ�ZKLFK�WKH�LQSXW�PXVW�
UHPDLQ�VWDEOH�DQG�XQFKDQJHG�
LQ�RUGHU�WR�EH�UHFRJQL]HG

FORFN
GDWD

FKDQJLQJVWDEOH

LQSXW

FORFN

7VX 7K

FORFN

GDWD ' 4 ' 4

7LPLQJ�PHWKRGRORJLHV��FRQW·G�

❚ 'HILQLWLRQ�RI�WHUPV
❙ FORFN�� SHULRGLF�HYHQW��FDXVHV�VWDWH�RI�PHPRU\�HOHPHQW�WR�FKDQJH

FDQ�EH�ULVLQJ�HGJH�RU�IDOOLQJ�HGJH�RU�KLJK�OHYHO�RU�ORZ�OHYHO
❙ VHWXS�WLPH� PLQLPXP�WLPH�EHIRUH�WKH�FORFNLQJ�HYHQW�E\�ZKLFK�WKH

LQSXW�PXVW�EH�VWDEOH��7VX�
❙ KROG�WLPH� PLQLPXP�WLPH�DIWHU�WKH�FORFNLQJ�HYHQW�XQWLO�ZKLFK�WKH

LQSXW�PXVW�UHPDLQ�VWDEOH��7K�
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EHKDYLRU�LV�WKH�VDPH�XQOHVV�LQSXW�FKDQJHV
ZKLOH�WKH�FORFN�LV�KLJK
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&RPSDULVRQ�RI�ODWFKHV�DQG�IOLS�IORSV
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7\SH :KHQ�LQSXWV�DUH�VDPSOHG :KHQ�RXWSXW�LV�YDOLG
XQFORFNHG DOZD\V SURSDJDWLRQ�GHOD\�IURP�LQSXW�FKDQJH
ODWFK

OHYHO�VHQVLWLYH FORFN�KLJK SURSDJDWLRQ�GHOD\�IURP�LQSXW�FKDQJH
ODWFK �7VX�7K�DURXQG�IDOOLQJ RU�FORFN�HGJH��ZKLFKHYHU�LV�ODWHU�

HGJH�RI�FORFN�
PDVWHU�VODYH FORFN�KLJK SURSDJDWLRQ�GHOD\�IURP�IDOOLQJ�HGJH
IOLS�IORS �7VX�7K�DURXQG�IDOOLQJ RI�FORFN

HGJH�RI�FORFN�
QHJDWLYH FORFN�KL�WR�OR�WUDQVLWLRQ SURSDJDWLRQ�GHOD\�IURP�IDOOLQJ�HGJH
HGJH�WULJJHUHG �7VX�7K�DURXQG�IDOOLQJ RI�FORFN
IOLS�IORS HGJH�RI�FORFN�

&RPSDULVRQ�RI�ODWFKHV�DQG�IOLS�IORSV��FRQW·G�
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WKH�ULVLQJ�HGJH�RI�WKH�FORFN

7\SLFDO�WLPLQJ�VSHFLILFDWLRQV

❚ 3RVLWLYH�HGJH�WULJJHUHG�'�IOLS�IORS
❙ VHWXS�DQG�KROG�WLPHV
❙ PLQLPXP�FORFN�ZLGWK
❙ SURSDJDWLRQ�GHOD\V��ORZ�WR�KLJK��KLJK�WR�ORZ��PD[�DQG�W\SLFDO�
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&DVFDGLQJ�HGJH�WULJJHUHG�IOLS�IORSV

❚ 6KLIW�UHJLVWHU
❙ QHZ�YDOXH�JRHV�LQWR�ILUVW�VWDJH
❙ ZKLOH�SUHYLRXV�YDOXH�RI�ILUVW�VWDJH�JRHV�LQWR�VHFRQG�VWDJH
❙ FRQVLGHU�VHWXS�KROG�SURSDJDWLRQ�GHOD\V��SURS�PXVW�EH�!�KROG�
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WLPLQJ�FRQVWUDLQWV
JXDUDQWHH�SURSHU
RSHUDWLRQ�RI

FDVFDGHG�FRPSRQHQWV

DVVXPHV�LQILQLWHO\�IDVW�
GLVWULEXWLRQ�RI�WKH�FORFN

&DVFDGLQJ�HGJH�WULJJHUHG�IOLS�IORSV��FRQW·G�

❚ :K\�WKLV�ZRUNV
❙ SURSDJDWLRQ�GHOD\V�H[FHHG�KROG�WLPHV
❙ FORFN�ZLGWK�FRQVWUDLQW�H[FHHGV�VHWXS�WLPH
❙ WKLV�JXDUDQWHHV�IROORZLQJ�VWDJH�ZLOO�ODWFK�FXUUHQW�YDOXH�EHIRUH�LW�FKDQJHV
WR�QHZ�YDOXH

7VX�QV

7S�QV

7K�QV
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RULJLQDO�VWDWH��,1� ����4�� ����4�� ��
GXH�WR�VNHZ��QH[W�VWDWH�EHFRPHV��4�� ����4�� ����DQG�QRW�4�� ����4�� ��

&/.��LV�D�GHOD\HG
YHUVLRQ�RI�&/.�
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&ORFN�VNHZ

❚ 7KH�SUREOHP
❙ FRUUHFW�EHKDYLRU�DVVXPHV�QH[W�VWDWH�RI�DOO�VWRUDJH�HOHPHQWV
GHWHUPLQHG�E\�DOO�VWRUDJH�HOHPHQWV�DW�WKH�VDPH�WLPH

❙ WKLV�LV�GLIILFXOW�LQ�KLJK�SHUIRUPDQFH�V\VWHPV�EHFDXVH�WLPH�IRU�FORFN
WR�DUULYH�DW�IOLS�IORS�LV�FRPSDUDEOH�WR�GHOD\V�WKURXJK�ORJLF

❙ HIIHFW�RI�VNHZ�RQ�FDVFDGHG�IOLS�IORSV�
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6XPPDU\�RI�ODWFKHV�DQG�IOLS�IORSV

❚ 'HYHORSPHQW�RI�'�))
❙ OHYHO�VHQVLWLYH�XVHG�LQ�FXVWRP�LQWHJUDWHG�FLUFXLWV

❘ FDQ�EH�PDGH�ZLWK���VZLWFKHV
❙ HGJH�WULJJHUHG�XVHG�LQ�SURJUDPPDEOH�ORJLF�GHYLFHV
❙ JRRG�FKRLFH�IRU�GDWD�VWRUDJH�UHJLVWHU

❚ +LVWRULFDOO\�-�.�))�ZDV�SRSXODU�EXW�QRZ�QHYHU�XVHG
❙ VLPLODU�WR�5�6�EXW�ZLWK�����EHLQJ�XVHG�WR�WRJJOH�RXWSXW��FRPSOHPHQW�VWDWH�
❙ JRRG�LQ�GD\V�RI�77/�66,��PRUH�FRPSOH[�LQSXW�IXQFWLRQ��'� �-4
���.
4
❙ QRW�D�JRRG�FKRLFH�IRU�3$/V�3/$V�DV�LW�UHTXLUHV���LQSXWV
❙ FDQ�DOZD\V�EH�LPSOHPHQWHG�XVLQJ�'�))

❚ 3UHVHW�DQG�FOHDU�LQSXWV�DUH�KLJKO\�GHVLUDEOH�RQ�IOLS�IORSV
❙ XVHG�DW�VWDUW�XS�RU�WR�UHVHW�V\VWHP�WR�D�NQRZQ�VWDWH
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0HWDVWDELOLW\�DQG�DV\QFKURQRXV�LQSXWV

❚ &ORFNHG�V\QFKURQRXV�FLUFXLWV
❙ LQSXWV��VWDWH��DQG�RXWSXWV�VDPSOHG�RU�FKDQJHG�LQ�UHODWLRQ�WR�D
FRPPRQ�UHIHUHQFH�VLJQDO��FDOOHG�WKH�FORFN�

❙ H�J���PDVWHU�VODYH��HGJH�WULJJHUHG
❚ $V\QFKURQRXV�FLUFXLWV

❙ LQSXWV��VWDWH��DQG�RXWSXWV�VDPSOHG�RU�FKDQJHG�LQGHSHQGHQWO\�RI�D
FRPPRQ�UHIHUHQFH�VLJQDO��JOLWFKHV�KD]DUGV�D�PDMRU�FRQFHUQ�

❙ H�J���5�6�ODWFK
❚ $V\QFKURQRXV�LQSXWV�WR�V\QFKURQRXV�FLUFXLWV

❙ LQSXWV�FDQ�FKDQJH�DW�DQ\�WLPH��ZLOO�QRW�PHHW�VHWXS�KROG�WLPHV
❙ GDQJHURXV��V\QFKURQRXV�LQSXWV�DUH�JUHDWO\�SUHIHUUHG
❙ FDQQRW�EH�DYRLGHG��H�J���UHVHW�VLJQDO��PHPRU\�ZDLW��XVHU�LQSXW�
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VPDOO��EXW�QRQ�]HUR�SUREDELOLW\�
WKDW�WKH�))�RXWSXW�ZLOO�JHW�VWXFN�

LQ�DQ�LQ�EHWZHHQ�VWDWH

RVFLOORVFRSH�WUDFHV�GHPRQVWUDWLQJ
V\QFKURQL]HU�IDLOXUH�DQG�HYHQWXDO

GHFD\�WR�VWHDG\�VWDWH

ORJLF�� ORJLF�� ORJLF��

ORJLF��

6\QFKURQL]DWLRQ�IDLOXUH

❚ 2FFXUV�ZKHQ�))�LQSXW�FKDQJHV�FORVH�WR�FORFN�HGJH
❙ WKH�))�PD\�HQWHU�D�PHWDVWDEOH�VWDWH�±�QHLWKHU�D�ORJLF���QRU���±
❙ LW�PD\�VWD\�LQ�WKLV�VWDWH�DQ�LQGHILQLWH�DPRXQW�RI�WLPH
❙ WKLV�LV�QRW�OLNHO\�LQ�SUDFWLFH�EXW�KDV�VRPH�SUREDELOLW\
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' '4 4
DV\QFKURQRXV

LQSXW
V\QFKURQL]HG

LQSXW

V\QFKURQRXV�V\VWHP

&ON

'HDOLQJ�ZLWK�V\QFKURQL]DWLRQ�IDLOXUH

❚ 3UREDELOLW\�RI�IDLOXUH�FDQ�QHYHU�EH�UHGXFHG�WR����EXW�LW�FDQ�EH�UHGXFHG
❙ �����VORZ�GRZQ�WKH�V\VWHP�FORFN
WKLV�JLYHV�WKH�V\QFKURQL]HU�PRUH�WLPH�WR�GHFD\�LQWR�D�VWHDG\�VWDWH�
V\QFKURQL]HU�IDLOXUH�EHFRPHV�D�ELJ�SUREOHP�IRU�YHU\�KLJK�VSHHG�V\VWHPV

❙ �����XVH�IDVWHVW�SRVVLEOH�ORJLF�WHFKQRORJ\�LQ�WKH�V\QFKURQL]HU
WKLV�PDNHV�IRU�D�YHU\�VKDUS��SHDN��XSRQ�ZKLFK�WR�EDODQFH

❙ ����FDVFDGH�WZR�V\QFKURQL]HUV
WKLV�HIIHFWLYHO\�V\QFKURQL]HV�WZLFH��ERWK�ZRXOG�KDYH�WR�IDLO�
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' 4

' 4

4�

&ORFN

&ORFN

4�

$V\QF�
,QSXW ' 4

' 4

4�

&ORFN

&ORFN

4�

$V\QF�
,QSXW ' 4

&ORFNHG��
6\QFKURQRXV�

6\VWHP
6\QFKURQL]HU

+DQGOLQJ�DV\QFKURQRXV�LQSXWV

❚ 1HYHU�DOORZ�DV\QFKURQRXV�LQSXWV�WR�IDQ�RXW�WR�PRUH�WKDQ�RQH�IOLS�IORS
❙ V\QFKURQL]H�DV�VRRQ�DV�SRVVLEOH�DQG�WKHQ�WUHDW�DV�V\QFKURQRXV�VLJQDO
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,Q�LV�DV\QFKURQRXV�DQG�
IDQV�RXW�WR�'��DQG�'�

RQH�))�FDWFKHV�WKH�
VLJQDO��RQH�GRHV�QRW

LQFRQVLVWHQW�VWDWH�PD\�
EH�UHDFKHG�

,Q

4�

4�

&/.

+DQGOLQJ�DV\QFKURQRXV�LQSXWV��FRQW·G�

❚ :KDW�FDQ�JR�ZURQJ"
❙ LQSXW�FKDQJHV�WRR�FORVH�WR�FORFN�HGJH��YLRODWLQJ�VHWXS�WLPH�FRQVWUDLQW�
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)OLS�IORS�IHDWXUHV

❚ 5HVHW��VHW�VWDWH�WR����±�5
❙ V\QFKURQRXV��'QHZ� �5
���'ROG��ZKHQ�QH[W�FORFN�HGJH�DUULYHV�
❙ DV\QFKURQRXV��GRHVQ
W�ZDLW�IRU�FORFN��TXLFN�EXW�GDQJHURXV

❚ 3UHVHW�RU�VHW��VHW�VWDWH�WR����±�6��RU�VRPHWLPHV�3�
❙ V\QFKURQRXV��'QHZ� �'ROG���6��ZKHQ�QH[W�FORFN�HGJH�DUULYHV�
❙ DV\QFKURQRXV��GRHVQ
W�ZDLW�IRU�FORFN��TXLFN�EXW�GDQJHURXV

❚ %RWK�UHVHW�DQG�SUHVHW
❙ 'QHZ� �5
���'ROG���6� �VHW�GRPLQDQW�
❙ 'QHZ� �5
���'ROG���5
6 �UHVHW�GRPLQDQW�

❚ 6HOHFWLYH�LQSXW�FDSDELOLW\��LQSXW�HQDEOH�RU�ORDG��±�/'�RU�(1
❙ PXOWLSOH[RU�DW�LQSXW��'QHZ� �/'
���4���/'���'ROG
❙ ORDG�PD\�RU�PD\�QRW�RYHUULGH�UHVHW�VHW��XVXDOO\�5�6�KDYH�SULRULW\�

❚ &RPSOHPHQWDU\�RXWSXWV�±�4�DQG�4
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5 6 5 6 5 6
' 4 ' 4 ' 4 ' 4

287� 287� 287� 287�

&/.

,1� ,1� ,1� ,1�

5 6

���

5HJLVWHUV

❚ &ROOHFWLRQV�RI�IOLS�IORSV�ZLWK�VLPLODU�FRQWUROV�DQG�ORJLF
❙ VWRUHG�YDOXHV�VRPHKRZ�UHODWHG��IRU�H[DPSOH��IRUP�ELQDU\�YDOXH�
❙ VKDUH�FORFN��UHVHW��DQG�VHW�OLQHV
❙ VLPLODU�ORJLF�DW�HDFK�VWDJH

❚ ([DPSOHV
❙ VKLIW�UHJLVWHUV
❙ FRXQWHUV
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' 4 ' 4 ' 4 ' 4,1

287� 287� 287� 287�

&/.

6KLIW�UHJLVWHU

❚ +ROGV�VDPSOHV�RI�LQSXW
❙ VWRUH�ODVW���LQSXW�YDOXHV�LQ�VHTXHQFH
❙ ��ELW�VKLIW�UHJLVWHU�
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FOHDU�VHWV�WKH�UHJLVWHU�FRQWHQWV
DQG�RXWSXW�WR��

V��DQG�V��GHWHUPLQH�WKH�VKLIW�IXQFWLRQ
�

V� V� IXQFWLRQ
� � KROG�VWDWH
� � VKLIW�ULJKW
� � VKLIW�OHIW
� � ORDG�QHZ�LQSXW

OHIWBLQ
OHIWBRXW

ULJKWBRXW

FOHDU
ULJKWBLQ

RXWSXW

LQSXW

V�V� FORFN

8QLYHUVDO�VKLIW�UHJLVWHU

❚ +ROGV���YDOXHV
❙ VHULDO�RU�SDUDOOHO�LQSXWV
❙ VHULDO�RU�SDUDOOHO�RXWSXWV
❙ SHUPLWV�VKLIW�OHIW�RU�ULJKW
❙ VKLIW�LQ�QHZ�YDOXHV�IURP�OHIW�RU�ULJKW
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1WK�FHOO

V��DQG�V�
FRQWURO�PX[� � � �

'
4

&/.

&/($5

4>1��@
�OHIW�

4>1��@
�ULJKW�,QSXW>1@

WR�1��WK�
FHOO

WR�1��WK�
FHOO

FOHDU V� V� QHZ�YDOXH
� ± ± �
� � � RXWSXW
� � � RXWSXW�YDOXH�RI�))�WR�OHIW��VKLIW�ULJKW�
� � � RXWSXW�YDOXH�RI�))�WR�ULJKW��VKLIW�OHIW�
� � � LQSXW

'HVLJQ�RI�XQLYHUVDO�VKLIW�UHJLVWHU

❚ &RQVLGHU�RQH�RI�WKH�IRXU�IOLS�IORSV
❙ QHZ�YDOXH�DW�QH[W�FORFN�F\FOH�

CSE 370 - Winter 2000 - Sequential Logic - 40

SDUDOOHO�LQSXWV

SDUDOOHO�RXWSXWV

VHULDO�WUDQVPLVVLRQ

6KLIW�UHJLVWHU�DSSOLFDWLRQ

❚ 3DUDOOHO�WR�VHULDO�FRQYHUVLRQ�IRU�VHULDO�WUDQVPLVVLRQ
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' 4 ' 4 ' 4 ' 4,1

287� 287� 287� 287�

&/.

287

3DWWHUQ�UHFRJQL]HU

❚ &RPELQDWLRQDO�IXQFWLRQ�RI�LQSXW�VDPSOHV
❙ LQ�WKLV�FDVH��UHFRJQL]LQJ�WKH�SDWWHUQ������RQ�WKH�VLQJOH�LQSXW�VLJQDO
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' 4 ' 4 ' 4 ' 4,1

287� 287� 287� 287�

&/.

' 4 ' 4 ' 4 ' 4,1

287� 287� 287� 287�

&/.

&RXQWHUV

❚ 6HTXHQFHV�WKURXJK�D�IL[HG�VHW�RI�SDWWHUQV
❙ LQ�WKLV�FDVH������������������������
❙ LI�RQH�RI�WKH�SDWWHUQV�LV�LWV�LQLWLDO�VWDWH��E\�ORDGLQJ�RU�VHW�UHVHW�

❚ 0RELXV��RU�-RKQVRQ��FRXQWHU
❙ LQ�WKLV�FDVH������������������������������������������������
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' 4 ' 4 ' 4 ' 4

287� 287� 287� 287�

&/.

���

%LQDU\�FRXQWHU

❚ /RJLF�EHWZHHQ�UHJLVWHUV��QRW�MXVW�PXOWLSOH[HU�
❙ ;25�GHFLGHV�ZKHQ�ELW�VKRXOG�EH�WRJJOHG
❙ DOZD\V�IRU�ORZ�RUGHU�ELW�
RQO\�ZKHQ�ILUVW�ELW�LV�WUXH�IRU�VHFRQG�ELW�
DQG�VR�RQ
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EN

D
C
B
A
LOAD
CLK

CLR

RCO
QD
QC
QB
QA

(1) Low order 4-bits = 1111

(2) RCO goes high

(3) High order 4-bits 
are incremented

)RXU�ELW�ELQDU\�V\QFKURQRXV�XS�FRXQWHU

❚ 6WDQGDUG�FRPSRQHQW�ZLWK�PDQ\�DSSOLFDWLRQV
❙ SRVLWLYH�HGJH�WULJJHUHG�))V�Z��V\QFKURQRXV�ORDG�DQG�FOHDU�LQSXWV
❙ SDUDOOHO�ORDG�GDWD�IURP�'��&��%��$
❙ HQDEOH�LQSXWV��PXVW�EH�DVVHUWHG�WR�HQDEOH�FRXQWLQJ
❙ 5&2��ULSSOH�FDUU\�RXW�XVHG�IRU�FDVFDGLQJ�FRXQWHUV

❘ KLJK�ZKHQ�FRXQWHU�LV�LQ�LWV�KLJKHVW�VWDWH�����
❘ LPSOHPHQWHG�XVLQJ�DQ�$1'�JDWH
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EN

D
C
B
A
LOAD

CLK
CLR

RCO
QD
QC
QB
QA

"1"

"0"
"0"
"0"
"0"

"0"

EN

D
C
B
A
LOAD
CLK

CLR

RCO
QD
QC
QB
QA

"1"

"0"
"1"
"1"
"0"

2IIVHW�FRXQWHUV

❚ 6WDUWLQJ�RIIVHW�FRXQWHUV�±�XVH�RI�V\QFKURQRXV�ORDG
❙ H�J��������������������������������������������������������������������

❚ (QGLQJ�RIIVHW�FRXQWHU�±�FRPSDUDWRU�IRU�HQGLQJ�YDOXH
❙ H�J������������������������������������������

❚ &RPELQDWLRQV�RI�WKH�DERYH��VWDUW�DQG�VWRS�YDOXH�
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6HTXHQWLDO�ORJLF�VXPPDU\

❚ )XQGDPHQWDO�EXLOGLQJ�EORFN�RI�FLUFXLWV�ZLWK�VWDWH
❙ ODWFK�DQG�IOLS�IORS
❙ 5�6�ODWFK��5�6�PDVWHU�VODYH��'�PDVWHU�VODYH��HGJH�WULJJHUHG�'�IOLS�IORS

❚ 7LPLQJ�PHWKRGRORJLHV
❙ XVH�RI�FORFNV
❙ FDVFDGHG�))V�ZRUN�EHFDXVH�SURSDJDWLRQ�GHOD\V�H[FHHG�KROG�WLPHV
❙ EHZDUH�RI�FORFN�VNHZ

❚ $V\QFKURQRXV�LQSXWV�DQG�WKHLU�GDQJHUV
❙ V\QFKURQL]HU�IDLOXUH��ZKDW�LW�LV�DQG�KRZ�WR�PLQLPL]H�LWV�LPSDFW

❚ %DVLF�UHJLVWHUV
❙ VKLIW�UHJLVWHUV
❙ SDWWHUQ�GHWHFWRUV
❙ FRXQWHUV


