
Index Terms

IDDQ Testing, Deep Sub-micron, IC Diagnosis,

Transient Signal Analysis

Abstract

���������	��

�������������	�����������������! ��#"
�!$&%'�)(!%*$&%&��+,�! -"
�	��.
�����/(	�	�!.10�%'���!$'+2�3�	�4�2��
5%&6879"

;:<�=����:�%* >�@?A���)$&%&��+CB
DE
)0F�!:<�!"HGI�����J%*.K �"
�4���4�L%&.M�!��(!���9"
�4�	��
;$N�O$N�	��P���Q��
 ��K"	"
��.����R%*.S���	�47T�!�K(-U-6E%* -"

;.V���� >�9.3
;$'
�Q9%'�	�W�����
68�����X%&�Y�9% �&Z� ���$&�[��
\�	�!�Y�;.]�;(	�	
;$*�K���M7����4�	^ ���;%*$
���9"_�	�	��
;$'�9B;`a�! >��.��b0F
)"cPd�����e��
) ����	�	�@
).f�!�g"c�)���4Q9%N�4�
�����;�h >�;$&%*(!"i�;������
)"L79"

; >�4�	�S�;.3��^j
;"S���! g�9.3
;$N
�Q�+�U
"_�!$'�)���4�k:<�;"	%N�;�g%'
;.l���&���! ����!mn�-.O���9%'�o7���7���"pG,�q.3��0
�����#�l���! >�9.K%*?!�3�r%'�d79"

�7�
��4�	�������)�8%'�r(-���	�4�5
;.s�;.
�	t9����.3�!%'
;.Y

�f�vu�����w-U-(	���	�	�x6n������
��x >�;$*$'�	�x��"i�;.3U
�!%'�!.K�zy�%'Q9.3�;$|{}.3�;$N+���%N�=~g�#y�{��-B��K���=6n������
���G� g�)$&$'�	�
� ��%'�	�! >��.��vyK%NQ9.��)$}{}.3�;$N+���%N�x
;" � y3{nGY�3�4�	�M�����
�����#����68�	���!��"_�	�J�)�/6E��$&�g%N79$'�5�!��7�79$N+J79%*.��5���5�
68�	�;.3��
c�[$'
; >�)$&%'�)%&.3Q��������! ����!Ba�-.� �"_�	���	�	��%*.W�����#�
�9�3�I��
������p���! -���;"_�I"
�	Q9%'
;.3�;$*%'���	�[(-+[�����I"
�4�!%'�!�g%&:<�
�!$'�!68�!.K��

�8�����#�!�37�79$'+�Q9"4%N�9B��K����"
�p��
;"
�4G��	�; >���!�37�79$'+
79%&.5�	
;��"� >�	�E�v�K.�%&?A�3�z��"c�) ��g%'
;.5

����������
;���)$������#�
�9"i�;0n.l(	+R�����s���p���� ��gB������o6n������
��[�).��)$'+����	�o�����
"_�	Q9%'
).��)$<���������#�;.3�I�<�g"	%'�;.3Q9��$'�;���	�|�b�����#7�
��!%&�g%'
).8
c�
�������������! -�z��
��).I~�t�Gp+���$'
) g�)�g%'
;.I%*.I�����=$'��+�
)�K�gB����9%'�
%&.���
)"46n�;�g%'
).T >�;.O(	�L�3�4�	�k%&.O g
)6E(A%&.3�;�g%'
;.O0�%&���

���)�K$*�a�9%& ��g%'
;.3�;"i+�U-(-���	�4�[���! >�9.K%*?!�3�	�,���}�168�	�;.3�}
c�
����"	������"z"
�4�	
;$*:�%&.3Q@�������������! ��g� ��$N
; >�;�g%'
).KB

�����X���b�<�����������< ��C�
¡>¢9¢9£r¤C¥!¦a§;¨�¨�©@ªK¦	¨<«�¨<¬�­_¨�©C¦4®�¯|¨<°�±,¥!¦�¥�²³¨<°�®&¥!§�®�°�´

®�­_±L¦	µ�²>¨�¨�©M¶_·�²I¦	¤C·�²�­_®�©C¸L«9¨<¶
¨�µ-­_¦5®�©M«9®�¸;®�­_¥!°=®�©C­_¨<´
¸;²�¥!­j¨�«¹µ�®�²>µ�ª�®�­j¦!º�»n©C¶_·�²�­_ªK©C¥!­_¨�°�±�¼�¦4®�©C¸)°�¨5­_¤C²>¨�¦	¤C·�°�«
¡ ¢9¢9£�½ ¨�­_¤C·�«�¦,¥!¾K¾K°�®�¨�«[­_·¿«�¨�¯)®�µ�¨�¦,¶
¥!§�²�®�µ�¥!­_¨<«[®�©
«�¨�¨�¾l¦4ª�§�´ ½ ®�µ�²³·�©h­j¨�µ�¤C©C·�°�·�¸;®�¨�¦�¥!²>¨o²>¨�¦	ªK°�­_®�©C¸J®�©
ªK©C¥!µ�µ�¨�¾K­_¥!§;°�±n¤C®�¸;¤�°�¨�¯)¨�°�¦�·;¶;±)®�¨<°�«E°�·�¦4¦!ºÁÀ�¤C¨F¦	®�¸;©C®�¶_´
®�µ�¥!©C­�®�©Cµ�²³¨<¥!¦	¨r®�©2¦	ªK§;­_¤C²>¨�¦4¤C·;°�«�°�¨�¥!Â;¥!¸;¨�µ�ªK²�²³¨<©�­j¦
®�©/­_¤C¨�¦4¨�­_¨�µ-¤C©C·�°�·;¸;®�¨<¦�®�¦ ½ ¥!Â;®�©C¸Ã®�­�«9®�¶*Ä�µ�ªK°�­�­_·,¦4¨�­
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ÝgÔ�Ù�Þ�ÓÍÔ�ß
à Þ�Ý�ápÞ�ÓHápØ�×�¨<¶j¶
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¯)¥!²�®�¥!­j®�·;©[¨<¶j¶
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¥ ½ ·�ªK©C­F·�¶F²³¨<¸)®�·�©C¥!° Ð «�¨<¶
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Òd·�²�Â;¼!¥�«�®�¥!¸)©C·�¦4­_®�µ ½ ¨�­_¤C·�«}¶
·�²mbnÉ9^2®�¦#«�¨�¯)¨�°�·�¾K¨�«
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Theobjectiveof thisphaseis to determinethe

equivalent resistances(Reqi) betweenthe supply

pads(VDDi) andthepointwherethedefectdraws

currentfrom thesupplygrid. TheReqi arelabeled

Req1throughReq8in Figure4. TheReqi
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Equation 1.  System of equations
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Equation 2.  Resistance ratios of R1 to R8

for i = 1 ... 8 excluding k
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¥!¦�«�®�¦	­_¥!©Cµ-¨b²�¥!­_®�·�¦4¼�Òd¤C®�µ�¤�¥!²>¨b¦	µ-¥!°�¨�«}§�±�¥�µ�· ½f½ ·�©
¶
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Since the distance,di, between

VDDi andthe defectsite is assumedpro-

portional to Reqi, VDDi is closestand is

referred
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­_®�·�©]Ì|º

An iterative algorithm is then

appliedthat scalesthe radii by the same

factorandtestsfor intersection.
À�¤C¨a¾K·�®�©C­

·�¶9®�©C­j¨�²�¦4¨�µ�­_®�·�©}®�©C«9®�µ-¥!­_¨�¦z­_¤C¨=âH¬�¼ ±;å9°�·�µ-¥!­_®�·�©
®�©v­j¤C¨@°�¥!±;·�ªK­a¥!­aÒd¤C®�µ�¤¿­_¤C¨f«�¨�¶
¨<µ�­a«9²�¥!Òd¦
µ�ªK²�²>¨�©C­|¶
²³· ½ ­_¤C¨a¦	ªK¾K¾K°�±�¸;²�®�«�º

^n©�¥!¾K¾K°�®�µ�¥!­_®�·�©2·�¶n­_¤C®�¦ ½ ¨�­_¤C·�«[®�¦,¦	¤C·�Òd©2®�©
h;®�¸)ªK²>¨¸q=¶
·�²-��²�®�«�¸)®�©C¸í¿9¬A¾K¨�²�® ½ ¨<©C­#ü|Ç!ºAÀ�¤C¨�Ä�¸;ªK²³¨
²³¨<¾K²³¨�¦4¨�©C­_¦�­_¤C¨�°�¥!±;·�ª�­�·�¶K­_¤C¨ ½ ª�°�­_®�¾K°�®�¨<²�Òd®�­_¤}­j¤C¨�¬
¥!©C«�±/¦4µ�¥!°�¨�¦�¸;®�¯)¨�©�®�©�ª�©C®�­j¦8·�¶#°�¥ ½ §;«�¥|º�À�¤C¨=¦4ª�¾K´
¾K°�±f¾K¥!«I°�·�µ�¥!­_®�·�©C¦�¥!²³¨�°�¥!§;¨�°�¨�«�¥!°�·�©C¸f­_¤C¨�¨<«�¸)¨<¦�·�¶
­_¤C¨�Ä�¸;ªK²³¨;º�À�¤C²³¨<¨�«�¥!¦	¤C¨<«@µ�®�²>µ�°�¨�¦z¥!²³¨�¦	¤C·�Ò=©,®�©,­_¤C¨
ª�¾K¾K¨�²�²�®�¸;¤C­,¤C¥!©C«qµ�·�²�©C¨<²Iµ�¨<©C­_¨�²>¨�« ¥!²>·�ªK©C« ­_¤C¨
¦	ªK¾K¾K°�±�¾�¥!«�¦nè ¢9¢Rû ¼�è ¢e¢Rø ¥!©�«Yè ¢9¢�ù º3À9¤C¨�¦4¨E¦4ª�¾K´
¾K°�±E¾K¥!«�¦FÒ=¨�²>¨�¦	¨<°�¨�µ�­_¨�«@§;¨<µ�¥!ªK¦	¨�­_¤C¨<±d¦	·�ª�²>µ�¨�«@­_¤C¨
°�¥!²³¸;¨�¦4­�µ�ªK²�²³¨<©�­j¦	¼)¥!¦�¸;®�¯|¨<©/®�©@É�­_¨�¾K¦�Ç�¥!©C«�Ì�®�©/­_¤C¨
½ ¨�­_¤C·�«�ºÁÀ�¤C¨Fµ�®�²³µ�°�¨<¦�¤C¥!¯)¨F§;¨�¨�©�¦	µ-¥!°�¨�«E¦4·n­j¤C¥!­)­j¤C¨�±
¤C¥!¯)¨/¥�µ-· ½@½ ·�©1¾K·�®�©C­�·�¶�®�©C­_¨�²�¦	¨�µ-­_®�·�©�ºKÀ9¤C¨/¾K²>¨�´

«9®�µ-­_¨�«x¥!©C«x¥!µ�­_ªK¥!°�âH¬�¼ ±)å�°�·�µ�¥!­_®�·�©C¦,¥!²>¨�°�¥!§;¨<°�¨�«x®�©
­_¤C¨aÄ�¸;ªK²³¨;º

®�®�å»÷�¨<­_¤C·�«,Ì>Æ

À9¤C¨r¦4¨�µ�·�©C« ½ ¨�­_¤C·�«�ªK¦	¨�¦E¥�µ�·�©C­_·�ª�²�­_· ½ ¥!¾
²³¨<¦	®�¦	­_¥!©Cµ-¨o­j·�«�®�¦	­_¥!©Cµ-¨o®�©¹­_¤C¨1°�¥!±;·�ªK­�ºzÉ�®�©Cµ�¨1­_¤C¨
¥!µ�­_ªK¥!° ½ ¥!¾K¾K®�©C¸s¶_ª�©Cµ�­j®�·�©Y®�¦�©C·�­F¨�¥!¦	®�°�±I·�§;­_¥!®�©C¨�«�¼
­_¤C®�¦�¨<¦	­_® ½ ¥!­_¨a®�¦#«9¨<¦	®�¸;©C¨�«,­_·�¾�²>·�¯)®�«9¨a¥ ½ ·�²>¨�¥!µ�µ-ª�´
²�¥!­_¨L¾K²³¨<«9®�µ-­_®�·�©O¶
·�²o¦	ªK¾K¾K°�±S¸;²�®�«]«�¨<¦	®�¸;©C¦xÒ=®�­_¤
®�²�²>¨�¸;ªK°�¥!²Ã­_·�¾K·�°�·�¸)®�¨<¦!º�À�¤C¨�«�¥!­_¥Y­_·�µ-·�©C¦	­_²�ªKµ�­�­_¤C¨
µ�·�©C­_·�ªK²Eµ�¥!©�§;¨�·�§;­_¥!®�©C¨�«[¨�¥!¦	®�°�±oªK¦4®�©C¸o¥�«�¨�¶_¨�µ�­_´
¶
²>¨�¨a«�¨�¯)®�µ�¨a·�²�¥�¦	® ½ ªK°�¥!­_®�·�© ½ ·�«�¨�°gº

The methodis alsobasedon equivalentReqi

but additionally considersthe Reqi betweenthe

supplypadsthemselves.
À�¤C¨�°�¥!­_­_¨<²#¥!²>¨�µ�· ½ ¾Kª�­j¨�«

¶
·�²f¥!©C± Ð ²>¨�¶
¨<²³¨<©Cµ�¨;Ñ�¦4ªK¾�¾K°�±x¾K¥!«L¥!©C«¹­_¤C¨5·�­_¤C¨�²
¦	ªK¾K¾K°�®&¨<¦z§�±=¦	¨�­j­_®�©C¸=­_¤C¨�²>¨�¶_¨�²³¨<©Cµ�¨�¦	ªK¾�¾K°�±=¾K¥!«f­_·�¥
¯)·;°�­j¥!¸)¨�¦	°�®�¸;¤C­_°�±E°�¨�¦4¦�âÍ¨;º ¸eº3ÇMs"s ½ èaå9­_¤C¥!©Ã­_¤C¨�©�· ½ ®�´
©C¥!°�¦	ªK¾K¾K°�±�¯)·�°�­_¥!¸;¨;º3À�¤C¨d²³¨ ½ ¥!®�©C®�©C¸r¦	ªK¾�¾K°�±r¾�¥!«�¦
¥!²³¨8¦	¨<­e­_·d­_¤C¨�®�²�©C· ½ ®�©C¥!°�¯)·�°�­_¥!¸;¨8¥!©C«r­_¤C¨8µ�ªK²�²>¨�©C­_¦
½ ¨�¥!¦	ªK²³¨<«�º<À�¤C¨8«9®�¦4­_¥!©Cµ�¨8§;¨�­jÒd¨�¨�©Ã¨�¥!µ�¤Ã¾K¥!®�²�®�©C¸}·�¶
¦	ªK¾K¾K°�±�¾�¥!«�¦�®�¦�¨<¥!¦	®�°�±�·�§;­j¥!®�©C¨�«¿¶
²>· ½ ­_¤C¨E°�¥!±)·�ªK­�º
À9¤C¨,²�¥!­_®�·I·�¶F«9®�¦4­_¥!©Cµ�¨,¥!©C«v²³¨�¦4®�¦	­_¥!©Cµ�¨,«�¨�ÄK©C¨�¦�­_¤C¨
¦	µ�¥!°�®�©C¸�¶
¥!µ�­j·�²�¥!°�·�©C¸�¨�¥!µ�¤¿·�¶�­_¤C¨Ã¯|¨<µ�­_·�²>¨�«2«�®�²>¨�µ�´
­_®�·�©C¦�¶_²³· ½ ­j¤C¨�²>¨�¶
¨<²³¨<©Cµ�¨�¦4ªK¾�¾K°�±,¾K¥!«r­_·}­_¤C¨n·�­_¤C¨�²
¦	ªK¾K¾K°�±s¾K¥!«�¦!º)À�¤C¨,¨�¬A¾K¨�²�® ½ ¨<©C­_¦�¾K²³·�«�ªKµ�¨,¥f¦	¨�­F·�¶
µ�·�©C­_·�ªK²�¦�âH·�©C¨�¶_·�²�¨�¥!µ�¤E¦	ªK¾K¾K°�±=¾K¥!«�åK­_¤C¥!­�¥!²>¨�ª�¦4¨�«
®�©C¦	­_¨�¥!«W·�¶n­_¤C¨�µ�®�²³µ�°�¨<¦f®�©�­j¤C¨I°�·�µ�¥!°�®on!¥!­_®�·�©�¾K²>·�µ�¨�´
«9ªK²>¨a«9¨<¦	µ�²�®�§;¨�«,¶_·�²m÷s¨�­_¤C·�«IÇ!º

À9¤C®�¦ ½ ¨<­_¤C·�« ¦4® ½ ªK°�¥!­_¨<¦x­_¤C¨¹¾K²³¨<¦	¨�©Cµ�¨L·�¶�¥
«9¨<¶
¨�µ-­e¥!­�¨<¥!µ�¤f·�¶�­_¤C¨n¦4ª�¾K¾K°�±}¾K¥!«9¦�º�À�¤C¨�²³¨<¶
·�²>¨�¼;­_¤C¨
k ßäàáØ ·�§�­_¥!®�©C¨�«¿¶_²³· ½ ­_¤C¨ ½ ¨�¥!¦4ª�²>¨ ½ ¨�©C­�¥!µ�µ�ªK²�¥!­_¨<°�±
²³¨/ý�¨�µ�­_¦d­_¤C¨~kL¶_·�²�«�¨<¶
¨�µ�­_¦d®�©1­_¤C¨/¯)®�µ�®�©C®�­_±Y·�¶�­j¤C¥!­

�d�j���#�"�¸þ��¸ÿ��M�1´J���jµ#�
ç���®Z�/�M�j­F�/µ#§����¸�Z±²�jµ#�
£1¦L¶I¤/£j���R¤/§j�1¦Lµ�� �/§j¢Z¦�´D�R�
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Equation 3.  Prediction Error
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Ileakagei( Idefecti ) Reqi Rprobe+( )⋅+

= I leakagek Idefectk+( ) Reqk Rprobe+( )⋅

Equation 4.  Equation 2 reformulated with
    background current

Ï Æ ø Â µ£Á0:2Ì
µ; »�¼)½qµ2³
°�¾Wµ2ºl¿=<zµ)È8² Â ¿FÈ

Defect
Actual

Location
Predicted
Location

% Error
in 2µ >

BR#1 (1540,1736) (1640,1640) 6.3%

BR#2 (1465,1600) (1600,1625) 7.1%

BR#3 (1465,1365) (1580,1550) 9.9%

BR#4 (1325,1240) (1600,1630) 6.5%

BR#5 (1120,1240) (1173,1215) 2.6%

BR#6 (1020,1120) (1150,1210) 7.1%

BR#7 (912,993) (770,835) 9.5%

BR#8 (1110,875) (1190,877) 3.6%

BR#9 (1560,712) (1657,625) 5.9%

OP#3 (1410,1442) (1580,1550) 9.1%

OP#7 (962,914) (760,835) 9.86%

OP#9 (903,790) (735,800) 7.65%

BRtop#1 (800, 1705) (760,1706) 1.8%

BRtop#2 (900,1705) (804,1710) 4.4%

BRtop#3 (1000,1705) (854,1670) 6.8%

BRtop#4 (1110,1705) (1165,1770) 3.87%

BRtop#5 (1230,1705) (1194,1728) 1.94%

BRtop#6 (1340,1705) (1524,1678) 8.45%

BRtop#7 (1450,1705) (1554,1652) 5.3%

BRtop#8 (1560,1705) (1605,1678) 2.38%

BRleft#2 (790,1630) (808,1630) 0.82%

BRleft#3 (790,1515) (832,1580) 3.5%

BRleft#4 (790,1393) (844,1510) 5.8%

BRleft#5 (790,1272) (910,1165) 7.3%

BRleft#6 (790,1152) (910,1155) 5.45%

BRleft#7 (790,1032) (750,825) 9.58%

BRleft#8 (790,918) (745,805) 5.53%

Ï Æ ø Â µ£Ì0:2û�·@?
µ; »�¼)½£µ2³8°�¾Wµ2ºl¿=<sµ)ÈÐ² Â ¿
È

Defect
Actual

Location
Predicted
Location

% Error
in 2µ>

BR#1 (1540,1736) (1660,1945) 10.68%

BR#2 (1465,1600) (1665,1705) 10.27%

BR#3 (1465,1365) (1248,1370) 9.7%

BR#4 (1325,1240) (1448,1190) 6.0%

BR#5 (1120,1240) (1163,1020) 10.19%

BR#6 (1020,1120) (1143,1205) 6.6%

BR#7 (912,993) (1145,885) 11.6%

BR#8 (1110,875) (1160,613) 12.1%

BR#9 (1560,712) (1620,501) 10.0%

OP#3 (1410,1442) (1255,1355) 8.08%

OP#7 (962,914) (750,735) 12.6%

OP#9 (903,790) (730,698) 8.9%
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A methodwas presentedthat is capableof

providing physical layout coordinatesof defects.

No other diagnosticmethodwhich is basedon

the analysisof electrical signalshas beenpro-

posedthat is capableof providing this type of

information.This attribute is particularly attrac-

tive astop-sidedieaccessbecomesmoredifficult

and as the number of metal layers increases,

makingotherimage-baseddiagnostictechniques
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more difficult to apply.
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