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¤i����¿¡'�¦�j§ ¥ §U¡¬´*�²��ÅÁ�Á�K��§U¤"´��H�j�U���¬´*�����f´!�U�����K§��U���"�²´J��¤NM"¤"�Õ��ÄU­U�K������K�²£����6���f£l£S� ¥ �²�#�K��ÅU�F�"�H���$���¦ÅU�²���H�����K§��������²´��¦�²��§"©Ïk���?´L��§i£��¦�®�"�U´j´��¦ÅU�²�K�U�'��£SÅÁ�H¤0�K�U�U�f´��$���²¤O�6§����"�H�K�²£�$�����l�6�S�?´��K��¤"�d´��K�"��¨0¿2�H� ¥ �U�����*¿2¡"�U´��²£�£�� ¥ �²�6�$���²ÅU�²�¬��§S£S�²��´¦©�"§U�F�6���H���"���U­'��¤������������U£��Õ�K��§U¤"�U�&��§S£S�¦�?´¦­®������£S� ¥ �²�#�K��ÅU��"�U�*�����¦Å��¦�j��´����K�²£����6���f£���§¹¡'�O�²�¦�K§Ö�$�"�¦¤ÿ�����,´*���"��¨0¿À�Á�¥ �U�������6§ÁÅ��¦���H���Î���f�U�����f´ÎÂfºUº�P 3 KS�LÏ?Q�RHè<4 3 þòÈTS!S!R"ÂU4B©ÔÈÀ¤�¦§U¤0�����U´*�¦­²�����?´^¤"�¦����§S£S�¦�U�6�S�¬§�¤��¦¤0�K���U����ÄÐ�U�����K§��������²´®¡����¤��²ÅU�²�����#���¬�H����Ä��K�²�U���"�²´d�¹£S� ¥ �²�#�K��ÅU�Î�"�U�*�����¦Å��¦�!§ ¥ �¦�²��§"©Ïk���V� äG� ��§i£��¦���"´��²´�§U¡"´��¦�KÅÁ�Á����§�¤,��¤ ¥ §U�K�Î�Á����§�¤O�$���?����?´Ð�²�H�?�6���?�H���²£O�U´��"�H���Ð§ ¥ ´*���"��¨0¿À�Á� ¥ �U������´*�������?�Á����§�¤�­i�U¤"£���K´Ð�����f£S�?�#�K��§�¤"´$ÅÁ�H�KÄl¡¬�U´��²£,���'§U¤��K���d¤i����¡'�¦��§ ¥ §U¡"´��¦��¿ÅÁ�Á�K��§U¤"´L�$���?���l§S�¦�¦���Ð�Á�Ð�U¤0Ä�����ÅU�¦¤O´*�����U©���§U�j�K��� £S� ¥ �f�#��´�K�¦�Î�U��¤"��¤"���"¤"£S�6�K�²�6���²£«��´��K�������f´��)�"�H�*���²��¤«�H�"�������²�Á�K��§�¤



WYX[ZN\U]_^"^LWYX[Z*\`]`]_aY^UbG\dcfehgf\`] ^VehX[]'i[cfejiVi[cY]`klemX"]OcfemX[a)i"Z
]`nN\`opi"]hq'rsc*tf^`b�tf^"ougYv�ew\UZmgx^Tidehg�i'y0zYtNi�X[]`{|ehi"ou}m] {pk�^"~'eh{u{0�
WYX[ZmzxehzYou{uopiTk�Zh�Y]`nN\`opi[eji[ouZmg��0ZmX
eh{u{,aY]U�0] \Ui[^�X[] ^"tY{pi[^�ougEe�\UZ,gN�
^"]`X[}jeji"ou},]wtYWYW�]`XOzxZ,tYgfa��0Z,X�i[cY]�e,\�i"txeh{�aN]U�0]_\�i"ou},]�WfehX"i
{u]`},]`{�e,\dcYou]`},] a�q���{pi"] X"gfehi"ou}m] {ukhb�i[cY]�WYX[ZmzxehzYou{uopiTk�Zm�8]Un*�
\`o.ideji[opZ,g�\ ehg�zx]�~�Z*aY]`{u] altf^�ougYvFe6~�Z,X"]w^"ZmWYcYo|^�i"o|\`ehi"]_a
�0tYgx\�i"ouZ,g��?cYo|\dc�oug*}mZ,{u}m] ^�i[cY]�g*tY~�zx] X�Zh��Z,zf^"]`X[}<ehi"ouZmgx^�eji
]_em\dcVougfaNou}*ouaYtfeh{*^�opi[]�ehgfa�X[]U�fgY]_a�] ^�i"ou~'eji[] ^
Zh��aN]`�0] \�i�Z*\U�
\`tYX"X[]`gx\U]hq
� �����m���:�N�T�
�6�� !¡,�£¢� ��� �¤f���N�T¥��§¦¨ ��N©�¥?ª

« ¥�¤­¬®  «  !¯���°E �±² ���¦³�T���T´µ�T¶����*��¥��
· em^"] a)tYWxZ,g)i[cY]w¸�¹�º»aN]`�0] \Ui"ou}m]OWfehX"iL~�ZNaN] {�v,ou}m]`g

emzxZj},]hb�e'�>em~�op{ukJZh�²gY] �¼i"]_^Ti�vm] gY]`Xdeji[ouZmg�~�]Ui[cYZNaY^�cfe<}m]
z�]`] g�aY]`}m] {uZmW�] a�emgfaJ]`}jeh{utfehi"] a�q
½:g�]_em\dcJ\ em^"]hbNi[] ^�i[^?ehX[]
WYX[ZNaNtf\`] a�z�k)i"XdemaNopi"ouZ,gfeh{G��r?¹�º¾eh{uvmZ,X"opi"cf~'^�i[emX"v,]Ui"ougYv
i[X[e,aNopi"ouZmgfem{f^�i"tf\d¿��:eji²�>emtY{pi[^`q�rscY]�Z,gY{ukVgYZmgN�:^�i[ehgxaYehXdaVX"]`�
À�tYouX[]`~�]`g�id^sZmgOi"cY]���r?¹�ºµeh{uv,ZmX[o.i[cY~ÁehX[]hÂ�yTÃ<�si"cxeji�i[cY]
i[] ^�i�Wfehi�i"] X"g�vm]`gf]`Xdeji"ouZ,gVaY] \Uo|^"ouZmg�WYX"ZN\`] ^[^�z�]�XdehgfaNZ,~µ^"Z
i[cfejiGo.��i[cY]�^"em~�]s�>ehtY{pi�o|^²tf^�]_aViT�?o|\U]�e,^²e�i[ehX[vm]`i`b�i"cY]�X"]`�
^"tY{pi"ougYv�iT��Z�i[] ^�i[^�emX"]s]Un*i[X"] ~�]`{uk�tYgY{uou¿m]`{uk�i"Z�z�]�o|aN]`g�i[ou\ eh{
y>o$q ]hq�ehX[]�X[emgfaNZm~Ä^[eh~�Wf{p]_^?�0X[Zm~Åi[cY]�^�]`i8Zh�Gem{u{�W�Z,^[^"opzf{p]
i[] ^�i�Wxeji�i[]`X[gf^��0ZmX�i"cf]L�>emtY{pid��b!ehgfa�y$Æm��i[cfeji�i"cf]�g*tY~�z�]`X
Zm��aN]`i"] \Ui"ouZmgx^²Zm��] e,\dc'�>emtY{piGZj},]`X�i"cY]�]`g�i[opX[]�i"] ^�i?Wfeji"i"] X"g
^"]Ui�zx]�\UZ,~�WYtNi"]_a)aNtYX[ougYvw�>emtY{pi�^"op~�tY{|eji[ouZmg�qw½:gF�>e,\�i`b�o.�
iT�GZ�o|aN] g,i[o|\`eh{²Wfeji"i"]`X[gf^VehX[]�WfX"ZNaNtf\`] a�b�Z,gY]�o|^LX"] ~�Zj}m]_a
oug'e8W�Z,^�i��ÇWYX[Z*\`] ^[^�ougYv8^�i"] W�ej�|i[]`X���r?¹Gº�ehgfaVWfX"ouZmX�i"Z8i[cY]
Z,WNi"ou~�ouÈ ehi"ouZmg�aN]_^"\`X"ouz�] aJopgwÉ*]_\�i"ouZ,g�Ê�q

½:g®\UZ,g�i"Xdem^�i�i[Z6i"XdemaNopi[opZ,gfeh{��>ehtf{.i�^"]`{u]_\�i"ouZ,g)~�]Ui[cYZNaY^
y$^�tf\dcµem^�i"]_^Ti[opgfv®�0ZmX�] e,\dcCtYgfaN]`i"]_\�i"]_a¼�>emtY{pi�eji6{u] e,^Ti
Z,gf\U]<�db��G]O^"]`{u] \Ui��>ehtf{.id^�i[Z�z�]Ji[ehX[vm]`i"]_a6opg�^�tf\dc�e��se<k
e,^�i[ZL~'ehn*ou~�ouÈ`]Gi[cY]�g�tf~Lz�]`X�Zh��i[op~�]_^�i[cfeji?^"o.i[] ^GehX[]�Z,zN�
^"]`X[}m]_a�q'¸wZmX[]�^�W�] \`o.��\`eh{u{ukhb�^"ougf\U]�i"cfZ,^"]V^"opi"]_^��?cYo|\dc�ehX[]
{u] e,^Ti�Zh�|i"] g�Z,zf^�] X"},] a�~'em¿m]8i[cY]�aYZm~�ougfehg�i�\`Zmg�i"X[ouzYtNi"ouZ,g
i[Z�i"cf]�aN]`�0] \�i[ou}m]�WfemX�i�{p] }m] {$b_ZmtYX�ZmzNËT]_\�i[op},]�o|^�i"Z�~'ejnNou~�opÈ ]
i[cY]�g*tY~�zx] X²Zm��Z,zf^"]`X[}<ehi"ouZmgx^
Zh�!ÌhcxehXdaEi[ZEZ,zf^�] X"},] Ì8^"opi"] ^`q
rscYo|^V~�]_ehgf^Li"cxeji�~'ehg*k)^�i"tf\d¿��:ejiV�>ehtY{pid^V�?op{u{GgY]`},]`X�z�]
tf^"] aOem^GidehX[vm]`i[^²ÍÎz�] \`emtf^"]�i[cY]`kOehX[]�Zm�|i"] g�aY]Ui"]_\�i[] aOz*k
i[] ^�i[^
idehX[vm]Ui[] a�eji�Zhi[cY]`X
�>emtY{pi[^`q�½:g�\`Zmg�i"Xdem^�i`bm^"Zm~�]s^Ti[tf\d¿��
ehi��>ehtY{pi[^
�?ou{u{Nz�]si[ehX[vm]`i"]_aE~'emg�k�i"ou~�] ^�z�] \`emtf^"]si"cY] kLehX[]
{uZN\`ehi"] aJeji�^"opi"] ^G�?cYo|\dc�ehX[]�Z,gY{uk�X[emX"] {uk�Z,zf^"]`X[}m] a�q

Ï ouvmtYX[]VÐw^�cYZj��^8ew^"ou~�WY{uop�f] aOÑfZj�Ò\dcfemX�i��0ZmX�i"cY]�ougYop�
i[ouem{�i"]_^TiLWfeji"i"]`X[gFvm] gY]`Xdeji[ouZmg�emWYWYX[Z,e,\dc�tf^"] a�qwrscf]'¿m] k
aNopÓ�]`X[]`gf\`] ^��0X[Zm~Ò^TidehgfafehXdaLWfX"ZN\U]_aNtYX[] ^�emX"]mÂGyTÃ<��i"cxeji�i[cY]
{u] e,^TiVaN]Ui[] \Ui"] a)�>ehtY{piVo|^Lem{p�se<kN^�^"]`{u] \Ui"] aF�0ZmXVWYX[Z*\`] ^[^�ougYv
gY]`n*i`b�emgfaOy$Æm���>emtY{pi
aY]Ui"]_\�i[opZ,g�^�i[ehi"o|^�i"o|\`^�ehX[]?^"e<},] a��?cfou\dc
X[] \`ZmXdawcYZj�Ô~'emg*kJi[ou~�] ^�] em\dc��>ehtY{pi�cfem^�z�]`] g�aY]Ui"]_\�i[] a
i[Z)aYeji[]hqÖÕ�Zhi"]�i[cfeji�i"cYo|^Vo|^VZmXdaN]`Xd^VZh��~'ehv,gYopi"tfaY]J{u] ^[^
ougN�0Z,X"~'ehi"ouZmg�i[cfehg6�?cfehi�ou^�\`Zm{u{u] \�i[] a��0ZmX�eO�>ehtf{.i�aNo|\Ui"ouZh�
gfemX"kmq�½:gYopi[ouem{u{pkmb�em{p{²�>ehtY{pid^�cfe<},]'zx] ]`g×aN]Ui[] \�i[] al]UnYem\Ui"{uk
È ]`X[Z�i"ou~�]_^Uq Ï X[Zm~Øi[cYo|^V^�]`i`b²Z,gY]Jo|^LX[emgfaNZ,~�{pk6^"]`{u] \Ui"] a
emgfa­tf^"] aÙem^�eFidehX[vm]UiJi"Z×WYX[Z*aYtf\U]�i"cY]��fXd^TiOi"]_^Ti�Wfeji"�
i[]`X[g�qÙ�?�|i[]`X��>emtY{pi�^�ou~�tY{|eji"ouZ,g�b�~'emg*kF�>ehtY{pid^V~'e<kFcfe<}m]

Z,gY]�aN]Ui[] \�i[ouZmg�Ú�Zh�Gi"cY]V�>emtY{pi[^��?opi"c�È`]`X[ZwaN]Ui[] \Ui"ouZmgf^`b�emgN�
Zmi"cY] X�o|^�X[emgfaNZ,~�{pk�^"]`{u] \Ui"] a�em^�i"cf]�gf]Un*i�i[ehX[vm]`i`qLÛ²}m] gN�
i[tfeh{u{ukhbh] }m]`X[k8�>emtY{pi�cfem^
z�]`] g'aN]Ui[] \�i[] a�ehi�{p]_em^�i�Zmgf\`]hbmzYtYi
i[cY]sWYX"ZN\`] ^[^�\`Zmg�i"oug*tY] ^�z*k��fgfaNougYv�i"cf]G^"]Ui�Zh�f�>ehtY{pi[^��?cYo|\dc
cfe<},]Lz�]`] g�{u]_em^�i�aN]`i"]_\�i"]_a6ehgfa�X[emgfaNZ,~�{pk�^"]`{u] \Ui"ougYv'Z,gY]
Zm��i[cY]`~Üem^Vi[cY]wgY]`n�i�i[ehX[vm]`i`qÙ½:g­^"Zm~�]w\ em^"] ^`bGgYZ6i[] ^�i
o|^�WYX[Z*aYtf\U]_a�z�] \ ehtf^"]�emg�tfWYWx] X�z�ZmtYgfa�Zmg6��r?¹�ºÁi"ou~�]
o|^s]UnY\`]`] aY] a�bxemgfaJi"cY]L\UZmX[X[] ^"WxZ,gfaNougYv��>emtY{pi�o|^Gi"]`~�W�ZmXdehX"�
ou{uk�X[]`~�Zj}m]_a�e,^Ee�\`ehgxaNo|aYeji[]Vi[ehX[vm]`i�i"Z�e<}mZmo|a�]UnY\`] ^[^�ou}m]
��r?¹Gº�i"ou~�]_^Uq

ÝßÞ à$Þ á â

á ãåä0æuã
ç.èßæué[Ý ä0ê0ë@ãÇì$èåã@èåípã@Þ épà á ãåä0ã@Þ á ã@Þ í|á

îåï ð.ñ�ò.ó ôIõ ö:÷>óåö.óßðuö@óß÷døßô|ù>òåö:ø úuû|ühößý$óÇöåô|ú|þ0óåö�õ ößô>ö@ï õ ö@ï ð|õ

îßú|ó ÷>ï ðpö.ó ÷÷0ò_ô>ðpðuóßîßöåô|ÿ|ò��ò@û����

þ0ó �Ió úpô>ö.óIô�ö.ó.õ ö:ö@û[÷$óßö.óåðpö:öåý>ï õ0ø ô0ù0ò@öÇùIõ ï �>þdúpô��>÷0ûuüh÷>óåðpï õ ï û���ô0öåîåþ

ö.ó.õ öþ0ó �Ió úuô0ö.óß÷�
�
	��


��

����������� � �
������������������������� ����!�"#��$�"�������� �������"�������% ��� &�!'� ������� � ��� %�����!�"#"���$�(���"�� % ��� & !

)#*
+�,�-

.�/�021�3�4 5�4�6 7�81�4�/�9 7�:�;�/<.�=�/4�/ 1�/�5�.�/�;> /�7�/�9 .�6 3 ?@3�A�.�=�6 >A�5�:�7�.

Ï ouvmtYX[]sÐNÂCB�k*gfem~�ou\�{u] e,^Ti�aN]`i"] \Ui"]_a��>ehtY{pi�i[emX"v,]Ui[opgfv�em{pv,Zh�
X[opi"cY~

��^'tf^�txeh{Ib�i"cf]`X[]�ehX[]J~'emg�kF}jemX"o|eji[ouZmgf^EZmg�i"cY]wzfe,^�o|\
i[cY]`~�]mq'½:g�i[cY]'^"] \�i[ouZmg�i"cfehi8�0Zm{u{uZj��^Ub�i"cfX"] ]'^�tf\dc6}jehX[o|ej�
i[opZ,gf^�ehX[]�aN] ^[\UX[ouzx]_a�bjehgfa�i"cf]`ouX�Wx] X��0Z,X"~'emgf\U]
o|^�\UZ,~�WfehX[] a
ougJe�aY]U�0] \UiEy>^"tYX[X"Z,v,eji[]_��^�ou~�tY{|eji[opZ,gV]UnNWx] X"ou~�] g,i q
D E�¤f �ª���¯��N�T¥���¡ « ¥�¤GF��IHKJ L6��¡, �ª MON�¥²�

P M�¤Y¤f¥KQ����N  P �T´RM��T���*��¥��
½:g)Z,X[aN] X8i"Z�^Ti[tfaNk�i"cY]J]UÓ�] \�i[ou}m]`gf] ^[^�Zh�?i"]_^TiLWfeji"i"]`X[g

^"]Uid^wWYX[Z*aYtf\U]_aÖzxem^"] a	tYW�Zmg	i"cY]�¸�¹�º aN]U�0]_\�i[op},]FWfehX"i
{u]`},]`{�~�ZNaN]`{Ib8e×^"ou~�WY{u]�^"]UiwZh�V]UnNW�]`X[op~�] g�i[^'�G]`X[]F\UZ,gN�
aNtx\�i"]_a�tx^�ougYvJi"cY]�½�ÉTSG��É�zx] gf\dcY~'emX"¿w\UouXd\UtYopi�ÍUSWV�X,ÆNq
��{p{�^Ti[tf\d¿��ÇehisZ,gY]Eemgfa�^Ti[tf\d¿��Çehi�È`]`X[Z��>ehtY{pid^Ubxeh�|i"] X�] À�tYou}��
em{p] g�i��>emtY{piE\UZm{u{|ehWx^�]mb���] X"]Vtf^"] a6em^�i[cY]'zfe,^�o|\E�>ehtY{piE^"]Ui b
emgfa�^�i[eji[o|^Ti[ou\ ^�Zmg�i"cY]�g�tf~Lz�]`X�Zh�xaN]`i"]_\�i"ouZ,gf^�Zm�Y] em\dc��>ehtY{pi
�G]`X[]�~�Zmgfo.i[ZmX[] a�aNtYX[ougYv?i"cf]²i[] ^�i�Wfehi�i"] X"gEvm]`gf]`Xdeji"ouZ,g�emgfa
�>emtY{piL^�ou~�tY{|eji[opZ,g�WYX[ZN\U] ^[^ZY [!Û�Û]\^X`_Iq�rscf]�k*ou]`{|a��sem^Lem^��
^"tY~�] a)i"Z6z�]a\mÐNq@Ê^b y0i"ZF~'ehi[\dc)i[cY]�em\Ui"tfem{�aYejide��0X[Zm~
i[cY]�\`Zm~�~�]`Xd\Uo|em{GWxehX"id�dqÒ�Åi[Zhi[em{�Zm�cVedNb f�f^f6��ÕgB emgfa



hjilknm�o�pnq^r'stkur@v2wIrxrxy{z�o�ynr'sto�y|v�}~r��W�������@o�m#�@�no vtwIrxm�r
��� p�r'z r`p��C��y~p�v�}nr�p�r@��r`��v�o���rZ�~��m�v�z�r'�^rxz]w�}no��#}�wI��s�p�rx�
v�rxm � o y~r'p�k~��s
r`pZ�n� � y�v�}nrjy�� � kurxm � ��knm�o�p�q�r's]w�}no��#}Zm�rx�
� �^o y~r'p��ny~p�rxv�r`��v�r`p�o�sts
} � w�y � y v�}nr¢¡£�¥¤�o�s@¦¨§©}nm�rxr
� rxv�} � pnsjwIrxm�r��~s�r'pav � �nm � p��T�@r�v�r's
vª�~�¥v�v�r'm�y«s
rxv�sx�¬��y~p
v�}nrªm�r`s
�~z�v#s©��m�r­s�} � w�y�� � m®� �^� �~�^m�o�s � y�o�y°¯±o�q^�nm�rc²e¦

10

100

1000

10000

100000

0 50 100 150 200

D
ef

ec
tiv

e 
P

ar
t L

ev
el

 (
pp

m
)

³

Pattern Number

Defective Part Level for Three ATPG Methods

"Method1"
"Method2"
"Method3"

¯±o�q^�nm�r´²�µg¶®rx��r'�@v�o��^r´�~��m�vgz�r'�^rxz��^r'm�s��~sg�~�¥v�v�rxm�y¢y�� � kurxm
� � m©v�}nm�rxrªp�o ·�rxm�rxyevO¸C§�¹Wº � r@v�} � p~s

» rxv�} � p½¼¾� � m�m�r's�� � y~pns�v � v�m#�^p�o v�o � y~��z«o�y~p��~s
v�m�o���z
�nm#�^�@v�o��@r«v � p~�À¿�¦l¸£v�r's
v¢�~��v
v�r'm�yRs�r@vao�sÁ�nm � p��~�xr'p{k�¿
v#��m�q^r@v�o�ynq � ynrZ�x�nm�m�rxyev�z ¿¢�ny~p�rxv�r'�@v�r`p������nz v'�Âp � o�ynq°�����nz v
s�o � �nz���v�o � yÃ�u��y~p«p�m � �n�no�ynq°��z�zÂp�r@v�r'��v�r'p¢�����nz v#s®��m �^� ���n�
v��nm�rO� � y~s�o�p�rxm#�¥v�o � yc�^sCv���m�q^rxv�sx¦±§©}no�sÂ�nm � �@r`s�sÂo�sÂm�rx�ur'�¥v�r'p
�nyev�o z±rx��rxm�¿°pnr@v�r`��v#��knz�rc���^�nz vg}~��s®kurxr'y¢r'o�v�}nrxmgr@¤��nz�o��@o v�z�¿
v#��m�q^r@v�r'pÄ��yTp p�r@v�r'��v�r'p � m�� � m�v��~o�v � �~s�z�¿�p�r@v�r'�@v�r'p|ke¿Ä�
v�r's
vI� � mOs ��� r � v�}nr'm©v���m�q^rxvW���^�nz vx¦K¸Iv©v�}nrªr'y~p � �C²�Åcv�r's
v
�~��v
v�rxm�y~s@�uv�}~r����^�nz vg� � ��rxm#��q^rªo�s�¼'Å^Å�ÆZ�u��yTp�v�}nr´�nm � �@r's�s
v�rxm � o yT�¥v�r`s@¦a§©}nr�m�r`s
�nz v�o y~q�pnr@��r'�@v�o��^r��~��m�v�z�rx��rxzKo�s�Ç�Çn¼
�~�^m
v#s��urxm � o�z�z o � yÃ¦ » r@v�} � p��a� � m�m�r`s
� � y~p~s­v � v�}nr�p�¿e�
y~� � o���z�r'��s2vcp�rxv�r`��v�r`pÈ�����nz vªv��^m�q�r@v�o y~q°p�r`s��xm�o�kur'pÈo�y¢v�}nr
É � wÊ�#}T��m�v � �g¯±o q��nm�r�Ç�¦�Ë<y�v�}no�s��x��s
r^�Cv�}nrtv�r`s2v�q^r'ynrxm��
��v�o � y«�nm � �xr's�sªw©�^s­v�rxm � o yT�¥v�r`pÈ����v�r'm���Å�Å°v�r's
v��~��v
v�rxm�y~s
wIrxm�rWq�rxynr'm���v�r`p�¦±§©}no�sÂy�� � kTr'm � �T�T�¥v
v�rxm�y~sÂw©�^s±�~s�r'p�kTrx�
�'���~s�r�o vKwI��sC��k � ��vKv�}nm�rxr©v�o � r`s±v�}nrOy�� � kurxm � �Ã�~��v
v�rxm�y~s
m�r'Ìe�no�m�r'p°v � ��v
v��^o�y�¼'Å�ÅeÆÊ�����nz vª� � ��rxm#��q^r^¦�ÍÎ§¬r`s2v�rxm­z�o � o��
v#�¥v�o � y~sC� � m]v�}nrª� �^��� r'm��xo���z��~��m�vx�np�r`s��xm�o�kur'p�o�y�v�}nrgy~r@¤�v
s�r'�@v�o � yÃ�em�r`s2v�m�o��@v�r'p�v�}nr®y�� � kTr'm � �Ï�T�¥v
v�rxm�y~sKo�y�v�}~�¥v©�x�^s�r
v � �^k � ��v­v�}nm�rxr�v�o � r`sOv�}nr�y�� � kurxmjm�r'Ìe�no�m�r`p�v � ���#}no�rx�^r
ynr`��m�z�¿�¼`Å^ÅeÆÐ���^�nz v�� � �^rxm#��q�r��K��yTp�wIrtw©��yev�r`pÑv�}nr�v2w �v�r's
v®�~�¥v�v�r'm�yÁz�rxy~q�v�}Ts©v � kur°Ò�m�r'z���v�o��^r'z�¿�r`Ì��T��z�¦ ÓeÔthgk~s�rxm��
�¥�¥v�o � y � ��¯�o�q��nm�rZ²°s�} � wOsjv�}~��vªv�}nr�m�r`s
�nz v�o y~qtp�rx��r'��v�o��^r
�~�^m
v�z�rx��rxzu� � m©v�}no�s����n�~m � �^�#}�o�s©Õ^Ån¦ ¼­�~�^m
v#sI�Tr'm � o�z z�o � yÏ¦

» rxv�} � pa�Zo�s®s
o � o�z���mWv � » rxv�} � p¢��r@¤n�@r'��v®v�}~�¥v­�¥��v�r'm
v�}nrg¸C§�¹IºÖ��z�q � m�o v�} � }~�^s]�nm � pn�~�@r`pZ�ªv�r's
vW�~��v
v�r'm�yÏ��v�}nr
v�r's
v � �À¿�� � y�v#��o�y � y~r � m � ��y�¿��ny~s��ur'�@o ×~r`p��nm�o � ��m�¿�o�y��
�n�nv­�¥�^z �~r's�Í���s�s�o�q^ynr`pa�^s­Ó�ØjÓ��¥�^z �~r's#Ô#¦�Ù�r��nm � pn�~�@r´�n�
v � ������²�Ç^Ú­p�o ·ur'm�r'yev]�~�¥v�v�r'm�y~s]k�¿�m#��y~p �^� ��s�s�o�q^y � r'yev�s � �
Åc�^y~pÁ¼�v � v�}~r®ØcÛ�sI��y~p´���^�nz vWs
o � �nz��¥v�rI�^z z � �Ãv�}~r � ¦C§©}nr

v�r's
v±�~��v
v�rxm�ycv�}T�¥v � �¥¤�o � o Ü'r'sTv�}~rWy�� � kTr'm � �n�����~z�vÂp�r@v�r'�@�
v�o � y~sOo�sgs
r'z r`��v�r'pÁ�^sOv�}nr�v�r`s2vj�~�¥v�v�r'm�yÁv � kur�o�y~�xz��~p�r'p�o�y
v�}nrI×~y~��zev�r's
vÂ�T�¥v
v�rxm�y�s�r@v'¦±Ë<y���z�z��^��Å^ÅOv�r`s2vC�~��v
v�r'm�yTs�wIrxm�r
q�rxynr'm���v�r'pÃ¦±§©}no�s]�^�n�nm � ���#}´w©�^s]�~s�r'p�v � �ny~p�r'm�s
v��^y~p�v�}nr
z�rx��rxz � �©o � �nm � �^r � rxyev®w�}no��#}Ñ� � �nz�p¢kurZrx¤��ur'�@v�r`p�o��©v�}nr
v�r's
v]�~�¥v�v�r'm�y�q�rxynr'm���v�o � y´r@· � m�v]w©�^sKo�y~�xm�r`�^s�r'p�k�¿´s�rx��rxm#��z
� m�p�r'm�s � � � �^q^yno v��~p�r�¦WË�vg�¥v�v�r � �nv�s©v � ×~y~pÁ�^y�Ò����~�nm � ¤��
o � �¥v�r�k � �ny~pnÓ�� � mZv�}nrakur's
vt� � s�s
o�knz�r°v�r`s2v��T�¥v
v�rxm�y|s
rxv
v#��m�q^r@v�r'p´r@¤n�xz �Ts
o��^r'z�¿jkT�^s�r'p´�n� � y������~z�vIp�r@v�r'��v�o � y�s2v#�¥v�o�s
�
v�o��'s@¦�§©}nr�m�r's��nz v�o�ynqap�rx��r'�@v�o��^rt�~��m�v´z�r'�^rxzIo�s��eÇ�¦�Úa�~�^m
v#s
�urxm � o�z�z�o � yÃ¦

Ý Þaß~à�áOâ
ãuä�à¬áæå àÏç#à¬ãuä�â<èWàéÞ�ê±ßnäìë�àÃè]àÏí
îïç#ðCß
ä�ñ®àìòÈðKóôóïàÃßuã�â2êÂí°òÈñ®â<õ

§©}nrö�~��m�v��~s�r'p¾o�yôv�}no�s�s2v��~p�¿ôwI��s��÷� ����� rxm#�@o���z
�#}no��°� � yTs
o�s
v�o�ynq � � ��� m�rOv�}~��y¢²^ø���Å^Å^Åcv2w � o�yn�n��vOùg¸®ù®¶
r`Ì��~o �¥�^z r'yevtz � q�o��aq��¥v�r'sx¦ûúIr`s2va�nm#�^�@v�o��@r«s2v��~�#üe����v������nz v
v�r's
v�o�ynq � rxv�} � pns�wWr'm�rtr � �nz � ¿^r`p¢o�yÑv�}nrts
v��^y~pn�^m�p�v�r's
v
É � w­¦�§©w � v�r's
vª�~�¥v�v�rxm�y�s
rxv�s­wIrxm�r��^�n�nz�o�r'p�v � v�}nrZ�#}no��
� �Ko yev�rxm�r's
vx¦ªhgy~r�w©�^s®�ts2v#��y~p~��m#p°v�r's
v­�~�¥v�v�rxm�y¢s�r@vj�nm � �
p��T�@r'p�k�¿��Ñ� �^��� r'm��xo��^z�z ¿È�À�À�^o�z��^knz�r�¸C§�¹WºÐv ��� z®w�o v�}
�°s2v��~�#üe����v®���^�nz v­� � �^rxm#��q�rªo�y¢r@¤n�xr's�s � �WÕe²�Æé��y~pÈ�Zv�r's
v
�~��v
v�rxm�y�z�rxynq^v�} � �u�n� Å�Å^ÅOs��x�^y��#}~�^o y�z � �^pnsIÍ�pnr's�o q�y~�¥v�r'pªo�y
¯±o�q^�nm�r�Út�^sZÒx� ����� rxm#�@o���z�Ó�Ô�¦O§©}nr´s�r'� � y~pÁv�r's
v­�~�¥v�v�rxm�y
s�r@vCw©�^s�v�}nr � ��v�o � o�Üxr`pªs
rxv]p�r's��@m�o�kTr`pco�ycv�}nr�ynrx¤evKs�r'�@v�o � y
� � y~s�o�s2v�o y~q � �~����Å^Å�ÅOs��'��y��#}T��o�yªz � �^p~sKÍ�p�r`s
o�q�y~�¥v�r'p­o�y�¯±o�q��
�nm�rcÚZ��s´Ò�iOr's�r'��m#�#}~ÓeÔ#¦�¸Oz�z � �Âv�}nr�s
v���v�rcr'z r � rxyev�s�� � �nz�p
kur�o�y~p�rx�urxyTp�rxyev�z�¿c� � yev�m � z�z�r'pª�^y~p � k~s�rxm��^r`pc��o��Ov�}nrOs��'��y
�#}~�^o�yÃ¦

¯±o�q^�nm�r´Ú�s�} � wOsjv2w � rx¤�� � �nz�r��nm�r'pno��@v�o � yTs®�nm � p��~�xr'p
k�¿´v�}nr » ¹IºÖp�r@��r`��v�o���r®�~�^m
vIz r'�^r'z ��� p�rxzu�~s�o�ynq � y~z ¿´v�}nr
m�r's��nz v�sj��m �^� s��'��y���k~��s
r`p«s
v��T�#ü��<�¥vª���^�nz vcv�r`s2v�o�ynq � y�v�}nr
p�o�q�o�v#��zI� � m
v�o � y � �jv�}nr¢pnrx��o��@r�¦�ý®rxm�r��©v�}~rÁØO�<�¥¤�o�s´� � m��
m�r's�� � y~pns�v � �����~z�vtye� � kurxm¢Í���m ��� ¼av � Ú�Å���Å^Å^ÅeÔ´w�}nrxm�r
v�}nrj�����nz v�s��^m�r � m�p�r'm�r`p���m �^� z � wIr's
vIp�rx��r'�@v�o��^r­�~�^m
v�z�rx��rxz
� � yev�m�o�kn��v � mcÍ�z���m�q^r`s2vOy�� � kurxm � � � k~s�rxm��¥�¥v�o � y~s#ÔWv � }~o q�}��
r`s2v�p�rx��r'�@v�o��^r��~�^m
vcz�r'�^rxzK� � yev�m�o�kn��v � m�Í�s � ��z�z�r's
vgy�� � kTr'm
� � � k~s
r'm��¥��v�o � y~s#Ô#¦©§©}nrª¡g����¤�o�s�s�} � wOsIv�}~r�m�r's��nz v�o�ynq´�nm�rx�
p�o��@v�r'p��x� � �nz��¥v�o���rIp�rx��r'�@v�o��^rO�T��m�v]z�rx�^r'z�� � mWv�}~rgs�r@v � �Ï��z�z
���^�nz v�sg��m ��� v�}~rZs � �^z z�r`s2vg� � yev�m�o�kn��v � mgv � v�}nr����^�nz v­� � m��
m�r's�� � y~p�o�ynqtv � v�}~�¥vcØ®����¤�o�sj� � s�o�v�o � yÃ¦Z§©}nr��¥��z��nr´� � mª¡
��v�v�}nrcrx¤�v�m�r � rªm�o q�}ev�s�o�p�r � �Âv�}~rcq^m#���n}�� � m�m�r's�� � y~pnsIv �v�}nr�p�r@��r`��v�o���r]�~�^m
vÂz�rx�^r'z^� � m±v�}nr��#}no�����s±�nm�r`p�o���v�r'pªk�¿ªv�}nr
» ¹Iº ��� p�rxz�¦jù � v�rcv�}T�¥vxµ´Í2¼`Ôg��s�o�q^yno ×T�'��yevO� ��� � � ynrxyev
� �nv�}nr©p�rx��r'��v�o��^r]�T��m�v±z�rx��rxzeo�s�� � yev�m�o�kn��v�r`pªk�¿c�Om�rxz��¥v�o��^rxz�¿
s � ��z�zuye� � kurxm � �����^�nz v�s©z � �x�¥v�r'p�v � v�}~rª����m�m�o�q^}ev©s�o�p�r � �
v�}nrÁØO�<�¥¤�o�s�Í�v�}~r's�ra��m�rtv�}nr�v��^m�q�r@v#s � � � �n� � m�v��nyno v2¿Ñ� � m
s��n�urxm�o � mCv�r`s2v©�~��v
v�r'm�y°s
r'z�r'��v�o � y � r@v�} � pns�Ô����^y~p¢Í��^ÔKv�}~��v
v�}nr » ¹WºRp�rx��r'�@v©z�r'�^rxz�s]�nm�r`p�o���v�r'p�� � m � �nmIynrxw�v�r's
v©�~�¥v��
v�rxm�yÈq�rxynr'm���v�o � y � r@v�} � p«��m�r�s
o�q�yno ×T�x�^y�v�z�¿tkurxz � wRv�} � s�r
� � mO�@�nm�m�r'yevIkur's
v�v�r`s2vO�~��v
v�rxm�y°q�rxynr'm���v�o � y � r@v�} � p~s@¦



0

0.0005

0.001

0.0015

0.002

0.0025

0.003

0 12000 24000 36000 48000 60000 72000

C
um

ul
at

iv
e 

D
ef

ec
tiv

e 
P

ar
t L

ev
el

þ

Fault Number (sorted by detections)

Defective Part Level Cumulative Distribution Function

"Commercial"
"Research"

ÿ��������	��
���
����������������������� "!��#�%$��&���&$('*)+���&$, ��	�-���.���	��)�/"0
���&�10#�"0��2!���$3�%/+��'54(�&�%��)��%�	6��7��)�'*'*�&�1���.!8$9���&�+�.���

: ;=< >@?BADC�EGFHEGIKJ@L�M N5J@O�C PQJR<DJKS9TUC�EGVW<
X JKC�YDVZL\[1V]SH^QJ@[	JU_(Ca`bJKcWJRd X EG<�EGFeE#IKT@f
C�EGV�<

gh��/�)jik��l�!8'*��/��m��6"��'*���	6�)���0*�"0��-�n�	)o0#�-$3�����*�	6��
)� �����'*��p&�����	�-0#�q "!8�#���-��/r0#�&�&s«ÿ������"���utv0#6�)jiw07��6��x��)�/�y
�&�& ��	�"!8$K ��	)����������	���"0��-�z��){ ��	)����"�&���	6��|)� �����'*��p&�-�5�	�-0#�
 "!8�#�	�&�	/h0����-}�!�/"�Èÿ������"���x~-��0�6�)jiw0���6��* "��)����������	�*!�0|!
0���'* �$����9�-�5�")ji��16"!8���&s

���G�2�j�2�����������R�����2���	�.�G�

����� ����� � � ��� �2�G� � ���� � ����� � � �������3�&���¡ "� ��� @¢�£�£�¤U¥ ¦ §�¨�©.ª «�¦2¬ «�§�­ ¦¨�®�¯�°�± «³².°�´
µ&¶�¶�· ¦ · ®�¸�«³­�¦ °�¥ ¦¹ « ¦ ¦ °�± ¸�¥�¦ « ± ².° ¦ °�¶¦ ®�º&«�± ¶.¥�­ °�«�¥ ¦¡¶�°�¦ °�¨�¦ °�¶¥ · ¦ °�¥ ´

» °�¥ ¦ ¹ « ¦ ¦ °�± ¸2¥�¦ ®�¼�°« ¹�¹ ­ · °�¶1¦ ®&· ¸�¦ °³²3± «�¦ °³¶¨³· ± ¨ §�· ¦ ¥�¶�§�± · ¸.²½ «�¸�§�¬ «�¨ ¦ §�± · ¸.²�¦ °�¥ ¦ ´
¾Gµ1¿&À�Á À1µ »�Â�»�Â#Ã�»Ä µ »�»�Â�Å ¿ Ã�Â�»

µ&¶�¶1¦ °�¥ ¦ ¹ «�¦ ¦ °�± ¸&¦ Æ�« ¦¡· ¥½ ®.¥ ¦¡°�¬ ¬ °�¨�¦ · ¯�°	· ¸&± °³¶�§�¨�· ¸.²¹ ± °³¶�· ¨�¦ °�¶�¶�°�¬ °�¨�¦ · ¯�° ¹ «�± ¦­ °�¯�°�­

Å ° ½ ®�¯�°#¦ °�¥ ¦ ¹ « ¦ ¦ °�± ¸�¦ Æ�«�¦2· ¥­ °³«�¥ ¦.¯�«�­ §�«�¼�­ °#¦ ®�± °�¶�§�¨³°¹ ± °³¶�· ¨�¦ °�¶�¶�°�¬ °�¨�¦ · ¯�° ¹ «�± ¦­ °�¯�°�­

ÿ��������	�Çt��ÉÈ� ��	�3'*��p-�Z����0G�w���-���	)��w0��&$��-������)�/m!8$���)����3��6"'

ÿ����	0#�&}�!ËÊ�ÌD��ÍWÎÐÏZÍ�Ê�ÏÐ�KÑ]ÏZÏZÍWÎwÒkÊ�ÍWÏÓi%!�0q ��	)8y
���9���-�Ô!�0Z���-0	���	��49���x�3/m��6"�|�")jiÕ�16"!8���Z)8�Kÿ��3�����	��Ö�sÉÌw/�y
��)��#�	��/"!j�	�&$�×8},�	6��{$3�-/��8�	6Ø)�����6��.0Ç0����Ç��l����-�-�����Ô��6"�{Ù�} �����
 "!8�#�	�&�	/Ø$���'*���Z4+×Ô!84()����|!*�2!����	)���)8����)����&s7Ï%6+�"0&}K����iÉ!�0
/�������0�0	!8�	×8}84(�-�-!8�"0��%)8�"�	�-0#���-�]'*�&'*)��	×�$3��'*�3�	!8����)�/90�}-��)|0#�&y
$��-���q!8/=È��WÏ%ÚG
ÔÚ�Û,Í�ÜÝÊ�Ì�ÞZÊ�ÍWÏÐ�&)��	����0# ()�/"���3/"�m�	)��	6��
0����D)��ßÙ�} �����q����0G�� "!j�����&�	/"0w��6"!8�D ��	)+���"���Ç�	6��7$�)ji���0G�w���&y
�������������* "!8���b$��&���&$W!��&��)��	���3/"�z�	)Ô��6��x
����Ý'*)����-$¡sÁÿ�)��
0��"�&�&�-0	0#�����W0G�	�& "0&}j��6"�%�������-���������� "!8���ß$3�-���-$��	�-���"������)�/b ����&y
���.�����-�Ø��)��Ç�-���&�	×Ô "!8�#���-��/Ë��/Ø�	6��màÉÑDÒ�ÜDÚGÜDÑ]ÏZÍ�È��WÏ%Ú�y

ÔÚ�ÛKÍWÜáÊ�ÍWÏâiÉ!�0m�-�j!8$��"!j�	�-�,}�!8/"�ã��6��Ë$��-!�0G�x��ä,�-���	�����
 "!8�#�	�&�	/Ëi%!�07���-'*)j���-�KszÏ%6��&/K}���6"�z�����������	�3���* "!8���7$��&���&$
�	�-���9������)�/"0� ��������.���	�-�q4å×b��6��w
Ø���ã'*)+���&$+��)��]�-���-��×|�	�-0#�
 "!8�#�	�&�	/u��/{��6��ÇÊ�ÌD��ÍWÎQÏZÍ�Ê�Ïn�KÑ]ÏZÏZÍ�ÎwÒæÊ�ÍWÏÕç�iZ6��.�16
���.�|/")8�]!8$�����!���×���l��.0G�U�3/7��6��%�����	�	�&/å�]àÉÑ�ÒDÜ�ÚGÜwÑ]ÏZÍoÈ��]y

Ï%ÚG
ÔÚ�ÛKÍWÜèÊ�Í�ÏwéDiÉ�&�	�*��)�'* "!8�	�-�,}@!�/"�Ø��6��*'*)å0G�Ç��ä,�-��y
�	�3���D/��-iã "!8�#�	�&�	/zi%!�0%!������-�z��)q��)��	'Ð��6��Ç/��-i�àÉÑDÒ�ÜDÚ�y
ÜwÑ]ÏZÍêÈ���Ï%ÚG
ÔÚ�Û,Í�ÜâÊ�ÍWÏ�s�Ï%6"�Ô ���)��&�-0	0{)8�|���-'*)j�+�3/"�
�	6��Çi���!8ë���0G������0G�Z "!8�#���-��/z����)�'Ó��6��bàÉÑ�ÒDÜ�ÚGÜwÑ]ÏZÍQÊ�ÍWÏ
!�/"�ì!��"����/��B��6"�Ë0#���	)�/����-0#�z "!8�#���-��/ì����)�'í��6��hÊ�ÌD��ÍWÎ
ÏZÍÉÊ�Ï��KÑ]ÏZÏZÍ�ÎwÒèÊ�ÍWÏei%!�0Ç�	�& (�-!j�	�-�v��/å����$�/�)Ô0�����/��3�.y
�.�&!�/å�|����ä,�&�	�&/9���{��/Ë "�������.�������h�����������������q�2!���$3�7$��&���-$]iÉ!�0
!��16����&�����,sogh���"0#���o�	6��Ô�	�-0���$3����/��Ô�	�-0#�u "!j�����&�	/=0#�&�*!�0
)����bÈ��WÏ%ÚG
ÔÚ�Û,Í�Üî�	�-0#�| "!j�����&�	/h0#�&���	)x4(�*!8 � "$3������������y
��/��r'u!8/+���2!��������	��/��h����0G�-sÝÒw)����v��6"!8�m�	6��h��/���)��	'u!j�	�3)�/
�	�-ïå�����	�-�x��)�����6"��0� ��	)����-0	0�iÉ!�0D0��3'*��$.!8�%�	)u�	6"!j�ÇiZ6��.�16��.0
 ��	)����"�&�-�m�3/�!q�2!8��$3�w���.���	��)�/"!���×�s

ð3ñ ò#ñ ó�ô

ó³õ.öG÷¡õ

ó3ø3ù¡ø�ú2õ�ñ ò#ñ õ�ñ öGù-ó3ø3õ&û�ð1ú2ö�ò�ü�ñ ü�öGõ¡ø	õ¡ø.ó�õ�ý�öGõ.õ¡ø3÷�ò	ó#ð3÷�û�þ9õ¡ø.ó�õ�ý�öGõ�õ2ø�÷�òåó³ÿGý.ø3÷�ó3ø�õ

ñ üGø�ò#õ.ñ ð��jö�ò�üj÷�ø3þ-û���ø1ù¡ø�ö�ó�õ���öGù�ÿ�ö���ù2ø1ý�ö#õ.õ2ø�÷�ò�ð�÷�û�þ(ú�ö�ò#ü�ñ ü�öGõ2ø�ó3ø3õ

ó�ñ �¡ò#ñ ð�ñ ú�ö�ò#õ÷�ø�ü�ÿ#ú2õ�ñ û¡òñ òåü�ù	�

���


���

��� ��������������� �!�"� �"��#$�&%('��)�)�*% � �&+�#,� -.#�/10�%(�	�*����/&����� -!��2!2)3��,�)��'$-��!%��#$��� �*�)�*� -.���)���,�)�)��-.�!� 4����������&2���4�� 2��*�����$�,���!#,� %$��������� �.�5�!0���#$�-!�*���*� �����.�&% � �

ÿ��������	�Ô~-���u
Ô��/���'q��' �����������	�3���u "!��#�5$3�-���-$�����0G�5��������)��
0��&$��-������)�/m!8$���)����3��6"'

6 ;Q_(C87DTßd:9=JRdGT�C�E�cWJ�^QJ@[	JU_(C+EGcWJ<;�TUS"C=`bJKcÉf
JRd#O [	V�SrC�YDJ>=vV�FHFHJKS9_,EGTßd?=vY�E�A

ÏU)Ë "��)����-���z��)�/��9���-/��	�.!8$%×+�3�-$.�B��/���)��	'u!j�	�3)�/K}�iÉ�xiZ��$�$
/�)��D�	�& ()����D)�/��	6��b/+��'549�-�D)��ß'u!�/+���2!��������	�-�������7iZ6��.�16
�2!��3$����u "!��	!�'*�����	�.�Z�	�-0#�	0&}94�����Ö�}�t�
�Ö{�����| "!�0�0��-�x!8$�$R 9!8�1!jy
'*�&���	�����	�-0#�	0D!�/"��iÉ�&�	�70#��4A@G�-���	�-���	)u4()8��6�!*���1!����3����)�/"!8$
Ü|àr����0G�% "!8�#���-��/x0#�&�%!�/"�{�	6���ÎDÍWÜ|ÈîÈ��WÏ%ÚG
ÔÚ�ÛKÍWÜ�ÜÇà
�	�-0#�� "!8�#���-��/v0#�&������0��&����4(�-�Ô!84()j����sDÚ�/��	6��b�-/"�,}CB"B8�*���&y
�������������Ø������)8�|�	6��vÖ�} t�
�ÖË�	)8�	!�$�iÉ�&�	�Ø���&�����������Q4+×Q������y
�	�&/å��4(�-0#�|��)�'*'*�-�	�&�.!8$(����0G�Ç ��1!����	�.���8}K!8/9�DB5B�tu���&���-���	�����
�����ÇiÉ�&�	�7�����	�-���	�-�m���	)�'Ý��6��70	!8'*�|0����D�"0���/��5��6��qÈ���Ï%Ú�y

ÔÚ�ÛKÍWÜa�	�-0#�� 9!j�#�	�&�	/�0#�&�&s�gì���	6Ô��6"��0�0�!�'* �$��70#��p-�8}9��!��16
���&���-���������5�����5�&)��	����0# ()�/"���-���	)Ë~�E�Ùm�����������������q "!��#�10� 9�-�
'*��$�$��3)�/QçG~8}�������}������GFËÖ�} t�
�Ö�é�sæÏ%6����	�-0���$3����/��h���&���-���	�����
 "!��#��$��-���&$Uç�HDy�!jl��.01é@���&�10#�90�!8 � "$3�����7�	�-0#�W "!j�����-��/*/+��'549�-�
ç.Iwy�!jl��.0	éq �$�)8�10*!8�	��0#6")jiZ/r��/ ÿ��3�����	�Ë~�~8sÕÏ%6��JI !jl��.0
�1!8/����|iÉ!�0w$���'*�3���-�u��)v~1K8���{ "!j�����-��/"0D49���&!��"0#�q/�)z���&���-��y
�	�3���Ç "!8���	0%iÉ�&�	�Ç�����&/å���3�"���m!8�.���&�Z 9!j�#�	�&�	/h~1K8���b4+×m�&�3��6��-�
�	�-0#�]0����-s]Ê��3/9���Éi��É6"! ���É/�)Ç�.���-!D6�)ji 'u!�/+×Ç�������-���������%�����
iÉ�&�	�7�&�	�	)�/��-)��"0�$�×z "!�0�0��-�Ô4+×x��6"�*È���Ï%ÚG
ÔÚ�Û,ÍWÜH0����&}KiÉ�



L5M�NAO PQMQL5M�O)R)STL5UQU$VXW:YZP�[XL�PCP�\^]_U�VX`�[ba8Y	c!Y�`&P�O)d5YeaAO YfY�UQ`	L5ghY1ajik.l cmP�[AO�U_noVXWpNqY	MTO�U_`�[XL�nAr"Y�ajshP�[AYpgAR)]�P�UT\tO)R)RuW:]�d5YvVAgw]"M
a8]�\tnD]5nDP�[AYyx_z*L�{|O�U	s}NAV8PvP�[AY:U�gXL5`	O)nAr~\tO)R)R�L5R)\^L�S8UtPQY	M�z
W:O)nXL�P�Y�\tO P�[yP�[AY_U�L5W:YTa8O �qY�M�Y�nX`&Y5i����^Y1`	L�VhU$Y�PQ[AO�UmgXL�M�PeO�U
L�W:O {8Y�a?U$O)r"nXL�Rua8Y�d|O)`	Y�shL5nXL�R)]"rbPQY�U$P�O)nAr:L�c�PQY	MTPQ[AYba8O)r"O�P�L�R
PQY�U$PQU^W�L�Sbc!VXM$PQ[AY	M�MQY�a8VX`	Y�PQ[AY_�XnXL�R}a8Y	c!Y�`&P�O)d5Y_gXL�M�P^R)Y�d5Y	R�i

100

1000

10000

100000

0 200 400 600 800 1000 1200 1400

D
ef

ec
tiv

e 
P

ar
t L

ev
el

 (
pp

m
)

³

Pattern Number

Measured Defective Part Level

"Commercial"
"Research"

� O)r5VAMQY��5�5�e�JY�L"U$VAMQY�a?a8Y	c!Y�`�PQO)d5YvgXL�M�PTR)Y	d"Y	Rjc!]5M_`&]5W:W:Y�M$z
`	O)L5R}L�nXa?MQY�U�Y�L�M�`�[:PQY�U$PTd5Y�`&P�]"MQU

� �D�����j���_�o�������

� Y�[XL�d"Ywa8Y�UQ`&MQO)NhY1a�P�[AY��w�f��aAY&c!Y�`&P�O)d5Y�gXL�M�P~R)Y	d"Y	R
W:]8a8Y�ReL�nXaDPQ[AY~ T¡f¢v£¤W:Y&PQ[A]8ajsC\t[AO�`�[GgAMQ]8a8VX`&Y1a¥£��mz
¦ l � l�§ ¡e¢¨P�Y1U�P:gXL�P$P�Y�M�n�U$Y	PQUpc!]5M�a8O)r5O P�L�ReR)]"r5O�`�`&O)M�`&VAO P�U&i
�^]�PQ[:U$VAMQMQ]5r"L�P�Y�U$O)WyVAR�L�PQO ]"nv]�cqP�[AY_©fªo«"¬_NhY�nX`�[AW�L5M�­®`	O M�z
`	VAO PZL5nXa®L5`&P�VXL5RoP�Y�U$P�O)nAr_]�chL�`&]"W:W:Y	M�`&O�L�R�ghL�M�PCVXU�O)nAr�NqY�U$P
`	VAM�MQY	noPegXMQL"`�P�O�`	YtO nha8O�`	L�PQY�P�[AY�U$VXghY�M�O)]5MQO P�S�]�c}PQ[AY_ T¡f¢v£
PQY�U$P�O)nAr®W:Y	P�[A]8ayc!]5MeP�[AY_M�Y1a8VX`&P�O)]5n�]�c¯aAY&c!Y�`&P�O)d5Y�gXL�M�PeR)Y	doz
Y�R)UpO)n°a8O)r5O P�L�ReO)noP�Y�r5M�L�PQY�a±`&O)M�`&VAO P�U&i ¦ [AO�UbO�UbP�[AY?�XM�U�Py]�c
U�Y	d"Y	M�L�RtPQY�U$P�O)nAr±Y&{8gqY	MQO)W:Y	noPQU	sTL�nXa�c!V8PQVAMQY�Y&{8gqY	MQO)W:Y	noPQU
L5M�YyU�`�[AY1a8VAR)Y�a²\tO PQ[wWpVh`�[wR�L�MQr5Y	MTaAO YyU�L5W:gAR)YbU�O ³�Y�U	i � Y
L5R)U�]_L5M�Y^U�PQVXa8S|O)nAr_P�Y�`�[XnAO�´"VXY�U¯P�]vM�Y1a8VX`	YePQ[AY^P�Y�U$PmgXL�P�P�Y�M�n
r"Y	nAY�MQL�P�O)]5nyL�nXa�]"g8P�O)W:O)³	Y1a®PQY�U$PegXL�P�P�Y�M�n�U�Y	R)Y�`&P�O)]5nbP�O)W:Y�U	i

¦ [AYt T¡f¢v£µO)W:gAM�]�d"Y	W:Y�n"P�U$O)W:gAR)S�O n|d"]5R)d5Y1UuVXU�O)nAr�PQMQL�z
a8O PQO ]"nXL�R_¶ ¦ �f��L�nha·c.L�VAR P¸U�O)WpVXR)L�P�O)]5n°P�]|]5R�U:O)n¹L¥nAY	\
\�L�S�iv�fS²W�L�{|O)W:O)³	O)nAr®P�[AY�a8Y&PQY	MQW:O)nAO�U�PQO)`�]"NXU$Y�M�d�L�P�O)]5n?]�c
a8Y	c!Y�`&PyU�O�PQY�UbO nGPQ[AY?nAY&P�\^]5MQ­ k L5Uya8Y&PQY	MQW:O nXY�aDc!M�]"WºPQMQL�z
a8O PQO ]"nXL�RTU$P�Vh`�­"z,L�P�c.L5VAR P~U$O)WyVAR�L�P�O)]"nh�®L5nXa�M�Y�R S|O)nAr�VAgq]5n
gAMQ]5NhL�NAO)R)O�U�PQO)`·a8Y	c!Y�`&P»Y&{A`&O PQL�P�O)]5nus²U�O)r5nAO �h`�L�noP°O)W:gAMQ]�d5Y&z
W:Y�n"P�UyO n¼P�Y1U�P�ghL�P$PQY	MQn¼Y	½�`&O)Y	nX`	S±[XL�d5Y²NqY	Y�n·L"`�[AO)Y	d"Y�ajil n?gXL�M�P�O�`	VAR�L�M�so`&]"nXU�O)aAY	MQO nXrbU�PQVX`�­oz*L�Pfc.L5VAR PfPQY�U$P�O)nAr�L�R)]5nXY�s
PQ[AYt T¡e¢�£�PQY�U$PQUZMQY�U�VAR P�Y�abO)n~��s(¬�¾"¾Tc!Y�\fY�Mma8Y&c!Y1`�P�O)d"YfgXL5M$P�U
gqY	M�W:O)R)R)O ]"n}ip£_N|doO)]"VXU$R)S5shPQ[AO�U�a8]|Y�U�nA]�P®W:Y1L�n�P�[XL�P�PQ[AO�U
`�[AO)gyO�UZNhY�O nXr®U$[AO)gAgqY�a�L�PeL�¢_�f�e�¨R Y�d5Y�R8]�cZ��s(¬�¾5¾vU�O)nX`&YtL
n|VAWyNhY�Mf]5cC]5P�[AY�MfPQY�U$PQUtL5M�YvL�gAgXR O)Y1a�\t[AO�`�[¸L�R�U�]b[XL�d"YTPQ[AY
Y	�qY1`�PT]�cZR)]�\fY�M�O)nArvPQ[AY®a8Y	c!Y�`�PQO)d5YvgXL�M�PtR)Y	d5Y�R�i

¿¸À�ÁuÂ�Ã|Ä:Å.Æ|Ç�ÈhÉ¥Æ|ÂjÊ1Ë�ÌÎÍZÏ"Ð±Ñ�Ò5Ó�ÏoÔ	Õ�Ö?×ZÔ�ÒoØÚÙÛØ(Ü(Ý�ÐDÓ�Ô¼ÐQÞ�ß
à Õ�Ð�Ö,Ö¸Ñ à"à Õ�Ð�áQÜ�Ñ&Ó�Ü(Ô1âµã)Ô	Õ?Ó�ÏoÐwá�Ô�âoÖ*Ó,Õ�Ò"áQÓ�Ü(ä�Ð�Ñ�â|Ù·Ö*Ó�Ü(å_ÒoØÚÑ	Ó�Ü(âoæ
á�Ô1å�å�ÐQâ�Ó�ÖvÑ�â|Ù�Ô1ç"Ö,ÐQÕ�ä1Ñ&Ó�Ü(Ô1âoÖ®ç�è�éfÔ�ÏoÜ�Ó®êTÑ à Ò"ÕbÑ	â|Ù�Í^ëCì·ë
ì±Ü(Ø(ØÚÜÚÑ	å�ÖZÕ�Ð�ØÚÑ	Ó�Ð�Ù�Ó�Ô_Ó�Ï"ÜÚÖC×ZÔ�Õ�Ý8ë¯ífÙoÙ"Ü�Ó�Ü(Ô1âoÑ�Ø(Ø�è�î�×ZÐf×�Ô1Ò"Ø�ÙbØ(ÜÚÝ1Ð
Ó�Ô_Ó�ÏoÑ�âoÝ®ï�ë ð8ëoñ^Ñ�ã)Ô	Õ^Ò"Ö,ÐtÔ�ãjÓ�Ï"ÐtÑ�á�Ñ1Ù"ÐQå�ÜÚáTí¯ÍmòCó·Ó�Ô�Ô�Øjí¯Í�ß
ô íeõ�Íjí·Ñ	â|Ù:ï�Ô�â~éeÔ1Ö,ÖfÔ�ãZöyÐ�â�Ó�Ô�ÕtófÕ$Ñ à Ï"Ü(á�Ö^ã)Ô	Õ�Ó�ÏoÐTÒ"Ö,Ð_Ô	ã
÷ í�ð"Í�ð"øZífõ�îoÑ_á�Ô1å�å�ÐQÕ�áQÜ�Ñ	Øqí¯ÍmòCó¼Ó�Ô�Ô1Ø�ë

ù·úuû�ú}üXú �_� ú �

ý þ�ÿ Í ô������ þ Ò"Ó�Ø(ÐQÕ�îtêvë ö¸ëfÑ�âoÙ°öyÐQÕ�á�ÐQÕ�î_ö¸ë éTëÚî��$ÍZÏoÐ¸Ü(â	�|Ò5ß
Ð�âoá�ÐQÖ^Ô�ã¯ã�Ñ	ÒoØ�Ó^Ó�è à Ð_Ñ	â|Ù�Ó�Ô à Ô�Ø(Ô1æ�è�Ô�â:ã�Ñ�Ò"Ø�Ótå�Ô�Ù"Ð�Ø à ÐQÕ,ß
ã)Ô�Õ�å®Ñ	âoá�Ð~Ñ	â|Ù�Ó�ÏoÐ�Ü(å à Ø(Ü(á�Ñ&Ó�ÜÚÔ�âoÖbÓ�ÔwÓ�ÐQÖ*Ó�Ñ	â|Ù�Ó�Ð�Ö*Ó$Ñ	çoØ(Ð
Ù"Ð�Ö,Ü(æ1âXî 
���
������������������! �"$#&%'%'%)(+*-,/.10�2���3	�4�65879�:.4�62
�;��2�<=*-
�*-2>�?*8@9A�A9B�î àoà ëDC9E�F	ßGC9E�H5ë

ý ÷JI éeó �$K-�®÷ Ð�Õ�æ1ÒoÖ,Ô�âhî ÷ ë Loë�Ñ	â|Ù ô Ñ&Õ,Õ$Ñ�ç8Ð�Ð�î5Í^ëÚîM��ÍqÐ�Ö*Ó à Ñ	Ó,Ó�ÐQÕ�â
æ1Ð�â"ÐQÕ$Ñ	Ó�Ü(Ô1â²ã Ô�ÕTÕ�Ð�Ñ	ØÚÜ(Ö*Ó�Ü(ábç"Õ�ÜÚÙ"æ�Ðvã�Ñ�Ò"Ø�Ó�Ö_Ü(âwømöONtðQP*ø�Ö�î 

�R
S�����T#U2D�V*-
U2D79�:.4��2D79WYX>*-,?�Z�;��2=<=*-
&*-2D�U*�@�A9A9@�î àoà ë�[ ��\ ß
[ ��� ë

ý ô!I'I]� F �®ô Ð�Ð1î¯ñ_ë êvë}Ñ	â|Ù²ñ^Ñ5îuï�ë ðAë(î^�UN^â²Ó�Ï"Ð®æ1Ð�â"ÐQÕ$Ñ	Ó�Ü(Ô1âwÔ	ã
Ó�Ð�Ö*Ó à Ñ&Ó,Ó�ÐQÕ�âoÖpã)Ô�Õ�áQÔ1å�ç"Ü(â|Ñ	Ó�Ü(Ô�â|Ñ�ØtáQÜ(Õ�áQÒoÜ�Ó�Ö�î 
_X>*&�U�$2	.4�/79W
` *Ga���
U��bc�9�M@6�6dM(�*Ga�7�
-�:58*-2>�'�&<R%RW1*&���:
U.4�/79W	%�2e0�.:2>*/*-
U.:290�d
f Ü�Õ�æ1Ü(âoÜÚÑ²òjÔ�Ø�è5Ó�ÐQá�Ï"âoÜ(ágP�â"Ö*Ó�Ü�Ó�Ò"Ó�Ð�Ñ	â|Ù�ð�Ó$Ñ	Ó�Ð ÿ âoÜ(ä�Ð�Õ�Ö,Ü(Ó�è�î
K���� F5ë

ý ö�í �9h�� ö�Ñ5î"ð8ë(î ÷ Õ$Ñ�â"á�Ð1î5òjë(î5Ñ�âoÙ®öyá&ø�Ø(ÒoÖ,Ý�ÐQè�î I ë Loë(îM�$íeâ I Þ�ß
à ÐQÕ�Ü(å�Ð�â�Ó$Ñ�Ø"ø�ÏoÜ à Ó�Ô I ä�Ñ�Ø(Ò|Ñ&Ó�Ð�ÍqÐ�Ö*ÓCÍqÐ�á$Ïoâ"Ü�i�Ò"Ð�Ö=j I Þ à ÐQÕ,ß
ÜÚå�ÐQâ�Ó$Ñ	Ø�éeÐ�Ö,ÒoØ�Ó�Ö�î 
c��
������$#U2>�V*-
?2>7��:.4��2>7�W!X>*-,?�;�;��2�<-*-
&*-2>�?*
@9A9A�k1î àoà ë>C6C�F&ßSC�E \ ë

ý ö�íml ��\ Ñ � ö�Ñ	Þ�×ZÐQØÚØ�î|ò}ë øfëoÑ�âoÙ�ífÜ�Ó�Ý�Ð�âXî5é�ë øfë(î;�&P�ï�ïon·ÍqÐ�Ö*Ó,ß
ÜÚâ"æeÑ�Ö}Ñeø�Ô1å à Ô�âoÐ�â�ÓhÔ�ãoÑfÍhÐ�Ö*Óuð�ÒoÜ�Ó�Ð�jhÍZÏoÐCõ^Ð�Ð�Ù^ã Ô�Õ¯ð�Ð�ä�ß
ÐQÕ$Ñ�Ø ÷ Ñ	ÒoØ�Ópø�Ô&ä�ÐQÕ$Ñ�æ�Ð~öyÐQÓ,Õ�Ü(á�Ö�î 
qp$�63�
?2>7�Wm�&<Y%RW1*&���:
���2	.4�
X>*-,?�:.:2e0srtp6%cXRX$��u�î f Ô1Ø�ë>F�î K=����\ î à"à ë	F ��h ßGF K C5ë

ý ö�íml ��\ ç � ö�Ñ	Þ�×�Ð�Ø(Ø!î5òjë øfë(î�ífÜ�Ó�Ý�ÐQâhî�é�ë øfë(î f ë6L�Ô�Ï|Ñ�â"Ö,Ð�âhî�Ñ�â|Ù
P�ëCø�ÏoÜÚÑ	âoæ"î��$ÍZÏoÐ I;v Ð�á�Ó�ÜÚä1Ð�âoÐ�Ö,Ö�Ô	ã^P�ï�ïcn_î ÷ Ò"âoáQÓ�Ü(Ô�â|Ñ�Ø�î
Ñ�â|Ù¸ð5á�Ñ�â¸ÍqÐ�Ö*Ó�Ö=jtñfÔ&×Ûö�Ñ	â�è ÷ Ñ�Ò"Ø(Ó_ø�Ô&ä�Ð�Õ$Ñ�æ1ÐQÖ�ï^Ôbì?Ð
õ^Ð�Ð�ÙDw=
x��
������o#U2D�V*-
U2D79�:.4��2D79W�X>*-,?�O�;��2�<=*-
�*-2>�?*y@9A9A6��d
àoà ë K C�H	ß K E�E�ë

ý ö I P�E�[ � öyÐ�Ü�îoêvë øfë(î'� þ Õ�ÜÚÙ"æ1Ü(â"æ�Ñ�âoÙpÖ*Ó�Òoá$Ý�ß�Ñ	ÓZã)Ñ�ÒoØ�Ó�Ö�î 
�#&%'%]%
X	
�7�2	,U�'��2��;�65maz3��V*-
?,$î f Ô�Ø!ë|øCß \ F�î|âoÔ5ëzE�î K=� E�["ë

ý öZP ôqô H�H � öyÜ(ØÚØ(å®Ñ	âhî"ðAë ï�ë�Ñ�â|Ùböyá&ø�Ø(Ò"Ö,Ý�ÐQè�î I ë L"ëÚîM�,ï�ÐQÓ�Ð�áQÓ�Ü(â"æ
ç"Õ�ÜÚÙ"æ�ÜÚâ"æyã�Ñ	ÒoØ�Ó�ÖT×�Ü(Ó�ÏJÖ*Ó�Ò"á�Ý�ß�Ñ	ÓtÓ�ÐQÖ*Ó�Ö,ÐQÓ�Ö�î 
{�R
S�����|#U2D�V*-
-}
2>79�:.4�62>79W|X>*-,?�m�;��2=<=*-
&*-2D�U*~@9A��9�1î àoà ë>E6E6F&ß�E�H�F�ë

ý ð I ÍZñ^H6[ � ð5Ð�Ó�ÏhîoðAë øfë8Ñ	â|Ù�íeæ�Õ$Ñ�×mÑ	Ø�î f ë ï�ë(î;��ø�Ï|Ñ&Õ$Ñ�áQÓ�Ð�Õ�Ü��QÜÚâ"æ
Ó�ÏoÐ ô ð$Pm�^ÜÚÐQØ�Ù?ã�Õ�Ô1å ìJÑ&ã)ÐQÕ�ÍqÐ�Ö*Ó_ïtÑ&Ó$Ñ5î 
�#&%'%'%_X	
�762D,U�
��2��!��(tî f Ô1Ø�ë|øZífï^ßGF�î K=� H6[5î à"à ë K�\ F	ß K�\ C5ë

ý ì�P ôhô H KU� ì±Ü(Ø(Ø(ÜÚÑ�å�Ö�îAÍ^ë ì·ëAÑ	â|Ù þ Õ�Ô&×�âXî8õ_ë øfë;��ï�ÐQã Ð�áQÓ^ØÚÐQä�Ð�Ø
Ñ�ÖjÑZã Òoâoá�Ó�ÜÚÔ�âTÔ�ã5ã�Ñ�Ò"Ø�Ójá�Ô&ä�ÐQÕ$Ñ	æ1Ð1î 
c#&%'%'%qX	
S7�2D,U�>��2Z�;��58}
az3��V*-
U,�î f Ô1Ø�ë|øCßGF � îoâoÔ5ë K�\ î K=� H K î à"à ë � H�E&ß � H6H5ë

ý ì°öpì � C � ìJÑ	âoæ5î ô ß�øfë(î�öyÐQÕ�áQÐQÕ�î�ö¸ë é�ë(îwÑ	â|Ù ìGÜÚØ(Ø(ÜÚÑ�å�Ö�î
Í^ë ì�ëÚîz� ÿ Ö,Ü(âoæ�ÍqÑ	Õ�æ1Ð�Ó ÷ Ñ�Ò"Ø(Ó�ÖhÓ�Ô^ï�ÐQÓ�ÐQáQÓjõfÔ1â"ß�ÍjÑ&Õ�æ1ÐQÓuï^ÐQß
ã)Ð�áQÓ�Ö�î 
���
�������#U2>�V*-
?2>7��:.4��2>7�WRX>*-,?�m�;��2=<=*-
&*-2D�?*8@9A9Ae�&î à"à ë
C \6� ßGC�F�H�ë


