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(57) ABSTRACT 

Methods and systems for inspection of Wafers and reticles 
using designer intent data are provided. One computer 
implemented method includes identifying nuisance defects 
on a Wafer based on inspection data produced by inspection 
of a reticle, Which is used to form a pattern on the Wafer prior 
to inspection of the Wafer. Another computer-implemented 
method includes detecting defects on a Wafer by analyzing 
data generated by inspection of the Wafer in combination 
With data representative of a reticle, Which includes desig 
nations identifying different types of portions of the reticle. 
An additional computer-implemented method includes 
determining a property of a manufacturing process used to 
process a Wafer based on defects that alter a characteristic of 
a device formed on the Wafer. Further computer-imple 
mented methods include altering or simulating one or more 
characteristics of a design of an integrated circuit based on 
data generated by inspection of a Wafer. 

inspection data produced Designer intent 
by irispeciion of reiicle data 

m. 2.9 

Pattern water with reiicle 
go 

inspection of water 

/ \ M 
Determine permissible 

defects on re’ricie 

_2_2_ 

/ 
Translate coordinates on 
reiicle to coordinates on 

34g wafer 
23 

identify nuisance defects 
on wafer \ \\ / g9 _ 

/ Determine if nuisance 
Sammie nuisance defects affect yield of 
defects {mm acm a; semiconductor devices 
defects on the wafer 2L8 

L32. / 
i / Determine if permissible 

Process data defects were correctly 
representative oi‘ the classified 

actual defects 43 
?e / 

i 
Generate a two 

wafer 
Q0 

dimensional map of the 

Determine if reticle should 
be analyzed, reworked. or 

disposed 
4i 



Patent Application Publication Apr. 3, 2008 Sheet 1 0f 9 US 2008/0081385 A1 

inspecticn data prnducec! Designer intent 
by inspection of retiste data 

3-2 2.13. 

a f’ 
“x if 

_ _ Determine permissibke 

Pattern wafer With retacle defectg on mime 

‘_ Transiate coordinates cm 

ms?ggmn of Wafer reticie to courciinates on 
3;? wa?er 

‘ 2.4. 

\ 
\-. x’ 

Identify nuisance de?ects 
on wafer ‘*~\ 

/ @Q. \ \ 
/ 1 Determine if nuisance 

sep arate nuisance / CiEEiQCtS affect Of 
[mfg-331g from acm a; semiconductor devices 
defacts on the wafer 35 

, Determine if permissibie 
Process data / defects were mrrectiy 

represenia?ve of the ciassi?ed 
actuai defects / 5m 

5-4» / 

J 1? 
Generate a mg} ‘ Determine if retide shcuici 

dimensima; map 0mm be analyzed, FEWOYKEBCL or 
Wfafg; I diSpOSed 

3a Q 

Fig. 1 



Patent Application Publication Apr. 3, 2008 Sheet 2 0f 9 

Frame ANS 5am = M1. Layer‘ 

Fig. 3a 

15% ii! iii 3!} 11;, 
m 2* mi in? E; 
K W m m mg 

m m is? ‘m ms as m ?n? 

as: 13% 
m m; m: m mi!“ 3;} 

‘ ml a: an as m 

Frame Ali-ii} "l BSA? 

Fig. 3c 

Fig. 2 

US 2008/0081385 A1 

Fab 

Frame M3 Layer = Gummy 

Fig. 3b 

cm M2 Layer = {3332 



Patent Application Publication Apr. 3, 2008 Sheet 3 0f 9 US 2008/0081385 A1 

Determine parameters Data f?pristgiéatwe of a 
of waier inspec?an ‘ ‘ 

._ :14 
£2 m... 

‘ ‘Ir’ 

if 

Distinguish between 
inspect wafer different psrtions of 

Ag wafer 
.521 

‘Y 7 r 

Data generated by Determina parame’ters 
inspection: of wafer {@1- detection 

5Q 5Q 

\ f * ~ 
' Translate coordinates Qf 

Data representative of reticie to coordinates 0f 
ancther Layer on wafer wafer 

52 5g 

‘ Deiect defects on wafai 
i ‘5.8” 

if 

r?ietermine procesging of Anaiyze pyimabiiity of 
defects defects at: reiicie 

"2 ‘ m 
i Ciassify defects as "m 

critics! or newcmicai 
defects 

/ ~55 
/ v \ 

Assign designatinns ‘to Anaiyze DFOCBSSMQ of Separate critical and 
wafer nomen?sai tiefects deieem 
29. E Q3. 

Pmcass criticai and 
non~critical defects 

separateiy 

Fig. 4 



Patent Application Publication Apr. 3, 2008 Sheet 4 0f 9 US 2008/0081385 A1 

. identify bad die Em wafer 

35. 

VVVVVVVVVVVVVVVVVVVVVVVVVVVV '7 

idiantify di?ér??i pertmng 
Q’? d-efacts can wafear 

1&1 

Datermine property of manufacturing 5 
presses-s- baged an Gm}! me pm?nn m‘ 

Alter mane @r' mare pas-simmers a? 
manufacturing prams-s based an the 

Fig, 5 



Patent Application Publication Apr. 3, 2008 Sheet 5 0f 9 US 2008/0081385 A1 

Design cu‘ integrated circuit 
55: 

Fmcess Wafer using 
manufacturing process 

“35 
777777777777777 W Alter design 0? integrated 

w cirauit based on critical 

inspectinn of wafer during dafects 
manufacturing process ‘ 551; 

gig 
AK 1k A ‘A 

Distinguish beiween criticai 
and nowcriticai defects on 

wafer 
i1 

1; 
Separate criiicai defects 
from nan-critical? defects 

Q 

Determine yieid of 
manufacturing process 
based on cri?eai defiacts 

E 

identiiy inciiviciuai precesses 
that resuit in critical! defects 

on wafer 

@ 

v 

Determine if design of 
integrated circuit contributes 

to aritisai defects 
3% Fig, 6 



Patent Application Publication Apr. 3, 2008 Sheet 6 0f 9 US 2008/0081385 A1 

iniegrated cix'cuit integrated circuii 
design manufacturing pmcess 
m1; 1% 

Reiatianships 
beiwegn Gfi??éli 
defeats and 

integrated circuit 
design 

Defects detected an 
wafsr during iniegraied 
Cimuit manufacturing 

moses-5 
Hi 

Sierage mgdium 

Fig. F 

Data generated by 
inspectian of wafer 

1 i2 

NI’ 

Separate criticai defects 
from mun-criticai defeats 

114 

1r 

Simuiate one 0r more 

characteristics at 
integrated circuii 

11$; 



Patent Application Publication Apr. 3, 2008 Sheet 7 0f 9 US 2008/0081385 A1 

Data genez'aied by inspection {3f 
specimen 

1 18 

‘F 

identify critical panisns of 
patiem 
120 

‘if , , 7 

Determine piacement Qf pattém on specimen 

122 

Determine‘ aver'liap beiween 
defects and critilcai pa?icsns of ‘ u 899mm?” a {gt-max 

‘ patmm ‘ determine alignment of reticie 

12$ ‘ wiih expesure m! or wafer 
128 

If specimen is a reticie. es?rnaie 
number of critical dais-eta that 
would be pmduced an a Wafer 

using retécie 
iii 

Fig. 9 



Patent Application Publication Apr. 3, 2008 Sheet 8 0f 9 US 2008/0081385 A1 

Detarmine design Determine tithngraphic Determine averal! 
significance of different significance of different significance 0? different 

regions on reiécie regians en reticis regiuns on reticie 
139 $34 ms 

\ w 7 r 

Peigrmme design Qatqmme iRhDgl’HphiC Determine {me of mere 
significance 0f defect significance at defect ‘ f ‘ 
detected on reticie detected on reticie parameters 0 WGCELSS 

used to fabricate retxcie 
B2 1.35. EQ. 

} i 
Detefmine overaii 

L sigm?cance n-f defect Determine one or more 
detected an F‘EliCiB parameters '35 P‘OCQSS 

?g used to inspect reticie 
‘35:2; 

1!‘ 'II 

Ueiermine urosessing 0'? Generate visuai v 

Qt 0mg 0? mDre 

159 Mi parameters of process 
used to repair reticie 

L55; 
‘4 ! 

Determine one or mare Generate visuai 
parameters Oi process represen'taiicn of 
‘15mm? repair defect individuai regions can 

M2. reticie 
14-6 

Fig. ‘I 0 



Patent Application Publication Apr. 3, 2008 Sheet 9 0f 9 Us 2008/0081385 Al 

Al. 

"W ///"”M Lsthographicaliy wax 
/ Significant r 

/ “RM-s, 
Amp, QQM 
Phase 

K/ .‘ My) ‘ \ Design “ W // 
Significant fir’ 
"“'-~m_ ‘ ‘MMM” 

Size 



US 2008/0081385 A1 

METHODS AND SYSTEMS FOR INSPECTION OF 
WAFERS AND RETICLES USING DESIGNER 

INTENT DATA 

PRIORITY CLAIM 

[0001] This application claims priority to US. Provisional 
Application No. 60/485,338 entitled “Methods and Systems 
for Inspection of Wafers and Reticles Using Designer Intent 
Data,” ?led Jul. 3, 2003, Which is incorporated by reference 
as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention generally relates to methods 
and systems for inspection of Wafers and reticles using 
designer intent data. Certain embodiments relate to systems 
and methods for detecting defects on a Wafer based on data 
representative of a reticle or data produced by inspection of 
a reticle. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] Fabricating semiconductor devices such as logic 
and memory devices typically includes processing a speci 
men such as a semiconductor Wafer using a number of 
semiconductor fabrication processes to form various fea 
tures and multiple levels of the semiconductor devices. For 
example, lithography is a semiconductor fabrication process 
that typically involves transferring a pattern to a resist 
arranged on a semiconductor Wafer. Additional examples of 
semiconductor fabrication processes include, but are not 
limited to, chemical-mechanical polishing, etch, deposition, 
and ion implantation. Multiple semiconductor devices may 
be fabricated in an arrangement on a semiconductor Wafer 
and then separated into individual semiconductor devices. 

[0006] During each semiconductor fabrication process, 
defects such as particulate contamination and pattern defects 
may be introduced into semiconductor devices. Such defects 
may be found either randomly on a specimen surface or may 
be repeated Within each device formed on a specimen. For 
example, random defects may be caused by events such as 
an unexpected increase in particulate contamination in a 
manufacturing environment and an unexpected increase in 
contamination in process chemicals that may be used in 
fabrication of a semiconductor device. 

[0007] Defects may also be formed in a systematic fashion 
over time and due to individual process marginalities and 
interactions of multiple processes. Defects caused by indi 
vidual process marginalities or by interactions betWeen 
multiple processes may result in defects such as a ?lm 
thickness variation or a lateral dimension variation due to 
dose variation. Such defects may, in turn, result in a defect 
in a semiconductor device formed on the specimen such as 
bridging betWeen tWo conductive structures thereby forming 
a short betWeen the structures. Defects repeated Within each 
semiconductor device formed on an entire specimen may, 
for example, be systematically caused by contamination or 
defects found on a reticle, or a mask. Contamination or 
defects on a reticle may be transferred along With a device 
pattern to a resist during a lithography process. 

[0008] As the dimensions of advanced semiconductor 
devices continue to shrink, the presence of defects in the 
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semiconductor devices limits the successful fabrication, or 
yield, of a semiconductor device. For example, a reticle 
defect reproduced in a resist patterned during lithography 
may cause an open circuit or a short circuit in a semicon 

ductor device formed in subsequent processing. Because 
fabrication of a semiconductor device includes many com 
plex process steps, the adverse effects of defects on total 
yield may increase exponentially if an error that is caused by 
a defect is propagated throughout an entire manufacturing 
process or operation over time. 

SUMMARY OF THE INVENTION 

[0009] An embodiment of the invention relates to a com 
puter-implemented method that includes identifying nui 
sance defects on a Wafer based on inspection data produced 
by inspection of a reticle. The reticle is used to form a 
pattern on the Wafer prior to inspection of the Wafer. The 
nuisance defects may be formed on the Wafer as a result of 
defects on the reticle that Were determined to be permissible 
reticle defects. In one embodiment, the nuisance defects may 
be formed on the Wafer as a result of defects on the reticle 
that Were determined to be permissible reticle defects based 
on designer intent data. In further embodiments, if the 
nuisance defects are formed on the Wafer as a result of 
defects on the reticle that Were determined to be permissible 
reticle defects, the method may include analyZing the nui 
sance defects to determine if the permissible reticle defects 
Were correctly classi?ed. In some embodiments, if the 
permissible reticle defects Were not correctly classi?ed, the 
method may include determining if the reticle should be 
analyZed, reWorked, or disposed. In another embodiment, 
the method may include determining if the nuisance defects 
Will affect yield of semiconductor devices, Which Will be 
formed on the Wafer. 

[0010] In some embodiments, the method may include 
separating the nuisance defects from actual defects on the 
Wafer. Such embodiments may also include processing data 
representative of the actual defects, but not the nuisance 
defects. In additional embodiments, the method may include 
generating a tWo-dimensional map of the Wafer. The nui 
sance defects may be distinguished from other defects in the 
map by one or more different designations. 

[0011] In another embodiment, the method may include 
transmitting the inspection data from an inspection system 
used to perform the inspection of the reticle to a processor 
con?gured to perform the method. In a different embodi 
ment, the method may include transmitting the inspection 
data from a fab database to a processor con?gured to 
perform the computer-implemented method. In one such 
embodiment, transmitting the inspection data may include 
sending coordinates of defects detected on the reticle and 
images of the defects. In an additional embodiment, if the 
inspection data includes coordinates of a location of a defect 
on the reticle, the method may include translating the 
coordinates of the location of the defect to coordinates of 
locations of one or more of the nuisance defects on the 
Wafer. The method may include any other steps of any of the 
methods described herein. 

[0012] An additional embodiment relates to a computer 
implemented method that includes identifying locations on 
a Wafer in Which nuisance defects Will be formed based on 
inspection data produced by inspection of a reticle. In one 
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embodiment, the method may also include selecting one or 
more parameters for Wafer inspection such that the locations 
of the nuisance defects are not inspected. In a different 
embodiment, the method may include selecting one or more 
parameters for Wafer defect revieW such that the nuisance 
defects are not revieWed. In another embodiment, the 
method may include selecting one or more parameters for 
Wafer defect analysis such that the nuisance defects are not 
analyZed. 
[0013] Another embodiment relates to a computer-imple 
mented method that includes identifying critical portions of 
a Wafer based on the criticality associated With different 
areas of the Wafer. The method also includes selecting 
parameters for inspection of the Wafer such that only the 
critical portions of the Wafer are inspected. In some embodi 
ments, the parameters may be selected such that nuisance 
defects on the Wafer are not classi?ed as actual defects. In 
one embodiment, the parameters may be selected such that 
critical portions of the Wafer having different criticalities are 
inspected With different parameters. According to another 
embodiment, the method may include setting one or more 
parameters for classi?cation of defects on the Wafer based 
on the criticality of the critical portions. 

[0014] In another embodiment, the method may include 
assigning a designation to a defect on the Wafer based on the 
criticality of the critical portion in Which the defect is 
located. In a different embodiment, the method may include 
determining processing of a defect on the Wafer based on the 
criticality of the critical portion in Which the defect is 
located. In some embodiments, the method may include 
classifying defects on the Wafer as critical defects or non 
critical defects and analyZing a process performed on the 
Wafer based on the critical defects and the non-critical 
defects. In another embodiment, the method may include 
classifying defects on the Wafer as critical defects or non 
critical defects and processing the critical defects separately 
from the non-critical defects. 

[0015] According to an additional embodiment, the 
method may include discarding inspection data representing 
defects in one of the critical portions if the defects have a 
lateral dimension smaller than a predetermined threshold 
and if other features in the one portion have a lateral 
dimension greater than the predetermined threshold. In a 
different embodiment, the method may include discarding 
inspection data representing defects in one of the critical 
portions if an element of a circuit in the one portion has a 
predetermined amount of redundancy and if the defects in 
the one portion do not exceed a predetermined density 
threshold. 

[0016] In some embodiments, the method may include 
translating coordinates of a location of a defect detected on 
a reticle to coordinates of locations of one or more defects 

on the Wafer. Such an embodiment may also include ana 
lyZing the printability of the defect detected on the reticle. In 
another such embodiment, the method may include remov 
ing inspection data at the coordinates on the Wafer from the 
Wafer inspection data. 

[0017] In one embodiment, the method may include gen 
erating one or more tWo-dimensional maps illustrating the 
critical portions of the Wafer. The inspection may be per 
formed on one level of the Wafer. In one embodiment, the 
method may include identifying the criticality of a defect on 

Apr. 3, 2008 

the Wafer based on the criticality of the critical portion in 
Which the defect is located and data representative of at least 
one layer of the Wafer above or beloW the one level. In 
another embodiment, the method may include generating a 
three-dimensional representation of the defect, the one level, 
and at least the one layer of the Wafer above or beloW the one 
level. 

[0018] A further embodiment relates to a computer-imple 
mented method that includes determining one or more 
parameters for Wafer defect revieW based on the criticality 
associated With different areas of the Wafer. In one embodi 
ment, the method may include selecting the one or more 
parameters such that only defects located in critical portions 
of the Wafer are revieWed. In one such embodiment the one 
or more parameters may be different for one or more of the 
critical portions. In another embodiment, the method may 
include sending information about the criticality of the 
different areas of the Wafer to a tool con?gured to perform 
the Wafer defect revieW. 

[0019] Another embodiment relates to a computer-imple 
mented method that includes determining one or more 
parameters for Wafer defect analysis based on the criticality 
associated With different areas on the Wafer. The method 
may include selecting the one or more parameters such that 
only defects located in critical portions of the Wafer are 
analyZed in some embodiments. In such an embodiment, the 
one or more parameters may be different for one or more of 

the critical portions. In other embodiments, the method may 
include sending information about the criticality of the 
different areas of the Wafer to a tool con?gured to perform 
the Wafer defect analysis. 

[0020] An additional embodiment relates to a computer 
implemented method that includes identifying bad die on a 
Wafer. In an embodiment, identifying the bad die may 
include performing functional testing on the Wafer after a 
manufacturing process used to process the Wafer is com 
pleted. The bad die may contain one or more electrical 
elements having functionality outside of a predetermined 
range. The method also includes identifying a ?rst portion of 
defects and a second portion of defects on the Wafer based 
on data generated by inspection of the Wafer in combination 
With information representative of a design of the one or 
more electrical elements. In one embodiment, the data 
generated by inspection of the Wafer may include data 
generated by multiple inspections of the Wafer, Which may 
be performed at different times during the manufacturing 
process. The ?rst portion of the defects may alter a charac 
teristic of a device formed by the one or more electrical 
elements such that the characteristic is outside of the pre 
determined limits. In addition, the method may include 
determining a property of the manufacturing process based 
on the ?rst portion of the defects. In one embodiment, the 
property may be a kill ratio of the ?rst portion of the defects. 
In a different embodiment, the property may be a yield of the 
manufacturing process. In some embodiments, the method 
may include altering one or more parameters of the manu 
facturing process based on the property. The method may 
further include any other steps of any of the methods 
described herein. 

[0021] A further embodiment relates to a computer-imple 
mented method that includes altering a design of an inte 
grated circuit (IC) based on data generated by inspection of 
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a Wafer during a manufacturing process. The data generated 
by inspection of the Wafer includes information about 
defects detected on the Wafer, and a substantial portion of the 
defects includes critical defects that can alter one or more 

characteristics of the IC. For example, the method may 
include distinguishing betWeen the critical defects and other 
noncritical defects detected during the inspection based on 
the design. The non-critical defects are defects that Will not 
substantially alter the one or more characteristics of the IC. 

[0022] In one embodiment, altering the design may be 
performed using a feedback control technique. In another 
embodiment, altering the design may include altering the 
design of the IC to reduce a number of the critical defects 
that are formed during the manufacturing process. In an 
additional embodiment, the method may include identifying 
individual processes of the manufacturing process that result 
in at least some of the critical defects being formed on the 
Wafer. In one such embodiment, the method may also 
include determining if the design of the IC contributes to the 
formation of the critical defects. Such embodiments may 
also include altering the design of the IC to reduce the 
number of the critical defects that are formed during the 
individual processes. In another embodiment, the method 
may include determining a yield of the manufacturing 
process based on the critical defects. Such an embodiment 
may also include altering the design of the IC to increase the 
yield of the manufacturing process. Yet another embodiment 
may include altering the manufacturing process based on the 
data. The method may further include any other steps of any 
of the methods described herein. 

[0023] An additional embodiment relates to a storage 
medium. The storage medium includes data representative 
of an IC design. The storage medium also includes data 
representative of an IC manufacturing process. In addition, 
the storage medium includes defect data representative of 
defects detected on a Wafer during the IC manufacturing 
process. The defect data may be ?ltered such that a sub 
stantial portion of the defects includes critical defects that 
can alter one or more characteristics of the IC. The storage 
medium can be used to alter the IC design based on the data 
representative of the IC design, the data representative of the 
IC manufacturing process, and the defect data. In one 
embodiment, the storage medium may also include data 
representative of relationships betWeen the critical defects 
and the IC design. The storage medium may be further 
con?gured as described herein. 

[0024] Another embodiment relates to a computer-imple 
mented method that includes simulating one or more char 
acteristics of an IC based on data generated by inspection of 
a Wafer during a manufacturing process. In one embodiment, 
the one or more characteristics include, but are not limited 

to, voltage drops, timing sloWdoWns, partial device failure, 
and total device failure. The data may include information 
about defects detected on the Wafer. In an embodiment, the 
information about the defects may include coordinates of 
defect locations and three-dimensional defect pro?les. A 
substantial portion of the defects include critical defects that 
can alter the one or more characteristics of the IC. In one 

embodiment, the method may also include distinguishing 
betWeen the critical defects and other non-critical defects 
detected during the inspection based on the design. The 
non-critical defects Will not substantially alter the one or 
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more characteristics of the IC. The method may further 
include any other steps of any of the methods described 
herein. 

[0025] An additional embodiment relates to a computer 
implemented method that includes determining placement 
of a pattern on a specimen based on data generated by 
inspection of the specimen. In some embodiments, deter 
mining the placement of the pattern may include laterally 
translating the pattern, rotating the pattern, scaling the 
pattern, or any combination thereof. In an embodiment, the 
specimen may be a blank reticle substrate. In a different 
embodiment, the specimen may be a Wafer. In some embodi 
ments, determining the placement of the pattern may include 
selecting the placement of the pattern such that a substantial 
portion of defects on the specimen does not overlap With the 
pattern. In another embodiment, the method may include 
identifying critical portions of the pattern based on design 
information. In such an embodiment, determining placement 
of the pattern may include determining the placement of the 
critical portions of the pattern With respect to locations of 
defects on the specimen. In yet another embodiment, deter 
mining placement of the pattern may include selecting the 
placement of the pattern such that a substantial portion of 
defects on the specimen does not overlap With critical 
portions of the pattern. In a different embodiment, deter 
mining placement of the pattern may include selecting the 
placement of the pattern such that an amount of overlap 
betWeen defects on the specimen and critical portions of the 
pattern is beloW a predetermined threshold. 

[0026] In another embodiment, if the specimen is a reticle, 
the method may include determining an amount of overlap 
betWeen defects on the reticle and critical portions of the 
pattern. Such an embodiment may also include estimating 
the number of critical defects that Would be produced on a 
Wafer that is exposed With the reticle. In a further embodi 
ment, if the specimen is a reticle, the method may include 
determining alignment of the reticle With an exposure tool or 
a Wafer based on the placement of the pattern With respect 
to a coordinate system. The method may further include any 
other steps of any of the methods described herein. 

[0027] Another embodiment relates to a computer-imple 
mented method that includes determining a design signi? 
cance of a defect detected on a reticle. The design signi? 
cance may be a measure of hoW the defect impacts a design 
of the reticle. The method may also include determining a 
lithographic signi?cance of the defect. The lithographic 
signi?cance may be a measure of hoW the defect impacts a 
Wafer patterned by a lithography process that uses the 
reticle. In addition, the method may include determining an 
overall signi?cance of the defect based on the design sig 
ni?cance and the lithographic signi?cance. The overall 
signi?cance may be selected from the group consisting of 
lithographically and design signi?cant, lithographically sig 
ni?cant only, design signi?cant only, and not signi?cant. 

[0028] In an embodiment, the method may include deter 
mining a design signi?cance of different regions on the 
reticle. In such an embodiment, determining the design 
signi?cance of the defect may be based on the design 
signi?cance of the region on the reticle in Which the defect 
is located. In another embodiment, determining the design 
signi?cance may include comparing data representative of 
the defect to a threshold and determining that the defect has 
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design signi?cance if the data is greater than the threshold. 
In some embodiments, the threshold may vary depending on 
a location of the defect on the reticle. 

[0029] In one embodiment, the method may include deter 
mining a lithographic signi?cance of different regions on the 
reticle. In one such embodiment, determining the litho 
graphic signi?cance of the defect may be based on the 
lithographic signi?cance of the region on the reticle in Which 
the defect is located. In an additional embodiment, deter 
mining the lithographic signi?cance of a defect may include 
comparing data representative of the defect to a threshold 
and determining that the defect has lithographic signi?cance 
if the data is greater than the threshold. In some embodi 
ments, the threshold may vary depending on a location of the 
defect on the reticle. 

[0030] In another embodiment, the method may include 
determining an overall signi?cance of different regions on 
the reticle. In one such embodiment, the method may 
include determining one or more parameters of a process 
used to fabricate the different regions of the reticle based on 
the overall signi?cance of the different regions. In a different 
such embodiment, the method may include altering one or 
more parameters of a process used to inspect the different 
regions of the reticle based on the overall signi?cance of the 
different regions. In yet another such embodiment, the 
method may include altering one or more parameters of a 
process used to repair the reticle based on the overall 
signi?cance of the different regions. In this manner, a 
process used to fabricate, inspect, or repair a reticle may 
have one or more parameters in one of the different regions 
that are different than the one or more parameters of the 
process in another of the different regions. 

[0031] In some embodiments, the method may include 
determining one or more parameters of a process that is used 
to repair the defect based on the overall signi?cance of the 
defect. The one or more parameters used to repair different 
defects on the reticle may be different. In another embodi 
ment, the method may include determining processing of the 
reticle based on the overall signi?cance of the defect. The 
processing may include rejecting the reticle, repairing the 
reticle, or cleaning the reticle. 

[0032] In an additional embodiment, the method may 
include generating a visual representation of the defect. The 
visual representation may include one or more designations 
assigned to the defect indicating the overall signi?cance of 
the defect. In a different embodiment, the method may 
include generating a visual representation of individual 
regions on the retile. Such a visual representation may 
include designations assigned to the individual regions indi 
cating the overall signi?cance of the individual regions. The 
method may further include any other steps of any of the 
methods described herein. 

[0033] Further embodiments relate to a carrier medium 
that includes program instructions executable on a computer 
system to perform any of the computer-implemented meth 
ods described herein. Additional embodiments relate to a 
system con?gured to perform any of the computer-imple 
mented methods described herein. For example, the system 
may include a processor con?gured to execute program 
instructions for performing one or more of the computer 
implemented methods described herein. In one embodiment, 
the system may be a stand-alone system. In another embodi 
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ment, the system may be a part of or coupled to an inspection 
system. In a different embodiment, the system may be a part 
of or coupled to a defect revieW system. In yet another 
embodiment, the system may be coupled to a fab database. 
For example, the system may be coupled to an inspection 
system, a revieW system, or a fab database by a transmission 
medium such as a Wire, a cable, a Wireless transmission path, 
and/or a netWork. The transmission medium may include 
“Wired” and “Wireless” portions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] Further advantages of the present invention may 
become apparent to those skilled in the art With the bene?t 
of the folloWing detailed description of the preferred 
embodiments and upon reference to the accompanying 
draWings in Which: 

[0035] FIG. 1 is a How chart illustrating an embodiment of 
a computer-implemented method that includes identifying 
nuisance defects on a Wafer based on reticle inspection data; 

[0036] FIG. 2 is a schematic diagram illustrating an 
inspection system coupled to a processor, Which is coupled 
to a fab database and/or a processor con?gured to perform 
a computer-implemented method described herein; 

[0037] FIGS. 3a-3d are schematic diagrams illustrating 
one example of hoW individual layer data for an integrated 
circuit (IC) can be manipulated to identify “don’t care areas” 
on a Wafer; 

[0038] FIG. 4 is a How chart illustrating an embodiment of 
a computer-implemented method that includes detecting 
defects on a Wafer by analyZing Wafer inspection data in 
combination With reticle data; 

[0039] FIG. 5 is a How chart illustrating an embodiment of 
a computer-implemented method for selectively using defect 
information to analyZe manufacturing processes; 

[0040] FIG. 6 is a How chart illustrating an embodiment of 
a computer-implemented method for altering a design of an 
IC based on a selected portion of defects detected on a 

Wafer; 
[0041] FIG. 7 is a schematic diagram illustrating an 
embodiment of a storage medium that can be used to alter an 
IC design to enhance the manufacturability of the IC design; 

[0042] FIG. 8 is a How chart illustrating an embodiment of 
a computer-implemented method for simulating one or more 
characteristics of an IC based on defect data; 

[0043] FIG. 9 is a How chart illustrating an embodiment of 
a computer-implemented method that includes determining 
placement of a pattern on a specimen based on defect data; 

[0044] FIG. 10 is a How chart illustrating an embodiment 
of a computer-implemented method for determining the 
signi?cance of a defect; and 

[0045] FIG. 11 is a conceptual diagram illustrating hoW 
defects on a reticle may fall into categories of differing 
signi?cance. 
[0046] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments 
thereof are shoWn by Way of example in the draWings and 
may herein be described in detail. The draWings may not be 
to scale. It should be understood, hoWever, that the draWings 
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and detailed description thereto are not intended to limit the 
invention to the particular form disclosed, but on the con 
trary, the intention is to cover all modi?cations, equivalents 
and alternatives falling Within the spirit and scope of the 
present invention as de?ned by the appended claims. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0047] The term “Wafer” generally refers to substrates 
formed of a semiconductor or non-semiconductor material. 
Examples of such a semiconductor or non-semiconductor 
material include, but are not limited to, monocrystalline 
silicon, gallium arsenide, and indium phosphide. Such sub 
strates may be commonly found and/or processed in semi 
conductor fabrication facilities. 

[0048] A Wafer may include only the substrate such as a 
virgin Wafer. Alternatively, a Wafer may include one or more 
layers that may be formed upon a substrate. For example, 
such layers may include, but are not limited to, a resist, a 
dielectric material, and a conductive material. A resist may 
include a resist that may be patterned by an optical lithog 
raphy technique, an e-beam lithography technique, or an 
X-ray lithography technique. Examples of a dielectric mate 
rial may include, but are not limited to, silicon dioxide, 
silicon nitride, silicon oxynitride, and titanium nitride. Addi 
tional examples of a dielectric material include “loW-k” 
dielectric materials such as Black DiamondTM Which is 
commercially available from Applied Materials, Inc., Santa 
Clara, Calif., and CORALTM commercially available from 
Novellus Systems, Inc., San Jose, Calif., “ultra-loW k” 
dielectric materials such as “xerogels,” and “high-k” dielec 
tric materials such as tantalum pentoxide. In addition, 
examples of a conductive material may include, but are not 
limited to, aluminum, polysilicon, and copper. 

[0049] One or more layers formed on a Wafer may be 
patterned or unpattemed. For example, a Wafer may include 
a plurality of dies having repeatable pattern features. For 
mation and processing of such layers of material may 
ultimately result in completed semiconductor devices. As 
such, a Wafer may include a substrate on Which not all layers 
of a complete semiconductor device have been formed or a 
substrate on Which all layers of a complete semiconductor 
device have been formed. 

[0050] A “reticle” or a “mask” is generally de?ned as a 
substantially transparent substrate having substantially 
opaque regions and/or partially opaque regions formed 
thereon and con?gured in a pattern. The substrate may 
include, for example, a glass material such as quartz. A 
reticle may be disposed above a resist-covered Wafer during 
an exposure step of a lithography process such that the 
pattern on the reticle may be transferred to the resist. For 
example, substantially opaque regions of the reticle may 
protect underlying regions of the resist from exposure to an 
energy source. 

[0051] As used herein, the term “designer intent data” is 
used interchangeably With the term “design information.” In 
addition, although some embodiments are described herein 
With respect to an integrated circuit, it is to be understood 
that these embodiments may be similarly applied to other 
semiconductor devices such as microelectromechanical 
(MEMS) devices and the like. In addition, the term “inte 
grated circuit” is used interchangeably herein With the term 
“semiconductor device.” 
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[0052] Turning noW to the draWings, it is noted that the 
steps shoWn in each of the ?gures are not essential to 
practice of the respective methods. One or more steps may 
be omitted from or added to any of the methods illustrated 
in each of the ?gures, and the methods can still be practiced 
Within the scope of these embodiments. FIG. 1 is a How 
chart illustrating a computer-implemented method that 
includes identifying nuisance defects on a Wafer based on 
inspection data produced by inspection of a reticle. The 
method illustrated in FIG. 1 provides an improved method 
of Wafer inspection, Wafer defect classi?cation, Wafer defect 
revieW, and Wafer defect analysis by utiliZing designer intent 
data. 

[0053] As shoWn in FIG. 1, the method may include 
obtaining inspection data produced by inspection of a 
reticle, as shoWn in step 10. Obtaining the inspection data 
may include inspecting the reticle. In some embodiments, 
obtaining the inspection data may include receiving the 
inspection data from an inspection system used to inspect 
the reticle. In other embodiments, obtaining the inspection 
data may include receiving the inspection data from a fab 
database. A fab database may include information related to 
any of the processes performed in a fab such as tool history, 
Wafer history, and reticle history. A fab database may also 
include any set of data suitable for use in an overall fab 
management system. An example of such a system is 
illustrated in PCT Publication No. WO 99/ 59200 to Larney 
et al., Which is incorporated by reference as if fully set forth 
herein. The data may be processed by a processor coupled to 
the inspection system prior to being sent to a processor 
con?gured to perform the method or to the fab database. In 
addition, or alternatively, the data may be processed after 
being received by the processor con?gured to perform the 
method. 

[0054] As shoWn in the schematic diagram of FIG. 2, for 
example, inspection system 12 may be used to inspect a 
reticle. In this manner, the inspection system Will generate 
inspection data during inspection of a reticle. The individual 
components of inspection system 12 shoWn in FIG. 2 are 
knoWn in the art and thus Will not be described further 
herein. Although one con?guration of a reticle inspection 
system is shoWn in FIG. 2, the inspection system may 
include any reticle inspection system knoWn in the art. 
Examples of appropriate inspection systems include the 
SL3UV system and the TeraStar system available from 
KLA-Tencor, San Jose, Calif. In addition, the inspection 
system may be an aerial imaging based reticle inspection 
system. The inspection data may be received by processor 
14, Which is coupled to the inspection system. In some 
embodiments, processor 14 may be incorporated into the 
inspection system. The data may then be transmitted from 
processor 14 to processor 16, Which is con?gured to perform 
the method. In some embodiments, processor 16 may be an 
image computer. In addition, processor 16 may include any 
suitable processor knoWn in the art. In a different embodi 
ment, the inspection data may be transmitted from processor 
14 to fab database 18. The data may then be transmitted from 
the fab database to processor 16. In any of the above 
embodiments, the data may be transmitted as ?les having a 
common data structure (such as KLARFF, Which is com 
mercially available from KLA-Tencor) that may be used or 
interpreted by both of the processors. 
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[0055] Inspection system 12, processors 14 and 16, and 
fab database 18 may be coupled, as shoWn in FIG. 2, by 
transmission media such as Wires, cables, Wireless transmis 
sion paths, and/or a network. The transmission media may 
include “Wired” and “Wireless” portions. In some embodi 
ments, processor 16 may be incorporated into a Wafer 
inspection system (not shoWn). In other embodiments, pro 
cessor 16 may be a stand-alone processor. In either embodi 
ment, processor 16 may be coupled to a Wafer inspection 
system such that the processor may receive data generated 
by inspection of Wafers. In other embodiments, processor 16 
may receive Wafer inspection data from fab database 18. In 
some embodiments, the data Which is transmitted to proces 
sor 16 may include coordinates of defects detected on the 
reticle and images of the defects. 

[0056] Traditionally, integrated circuit (IC) design and IC 
manufacturing have been markedly separate activities With 
minimal overlap. HoWever, today’s state of the art manu 
facturing technology requires substantial interaction 
betWeen these tWo activities. The place Where most of this 
collaboration takes place is at the TCAD layout phase, 
Where the schematics from IC designers are physically 
placed and routed. This collaboration, Which is commonly 
referred to as “Design for Manufacturability” (DEM), has 
raised numerous problems for Wafer inspection. The meth 
ods described herein, hoWever, address many of these prob 
lems. 

[0057] For example, as shoWn in FIG. 1, inspection data 
10 produced by inspection of a reticle may be used in 
combination With designer intent data 20 to determine 
permissible defects on the reticle, as shoWn in step 22. The 
designer intent data may include designations identifying 
different types of regions of the reticle, different types of 
features on the reticle, and/or different portions of features 
on the reticle. The different types of regions, features, or 
portions of features may include, for example, critical and 
noncritical regions, features, or portions of features as 
described in more detail herein. The designations may vary 
depending upon a circuit pattern database generated from an 
IC design. The IC design may be developed using any 
method or system knoWn in the art such as electronic design 
automation (EDA), computer aided design (CAD), and other 
IC design software. Such methods and systems may be used 
to generate the circuit pattern database from the IC design. 
The circuit pattern database includes data representing a 
plurality of layouts for various layers of the IC. Therefore, 
data in the circuit pattern database may be used to determine 
layouts for a plurality of reticles. A layout of a reticle 
generally includes a plurality of polygons that de?ne fea 
tures in a pattern on the reticle. Each reticle is used to 
fabricate one of the various layers of the IC. The layers of 
the IC may include, for example, a junction pattern in a 
semiconductor substrate, a gate dielectric pattern, a gate 
electrode pattern, a contact pattern in an interlevel dielectric, 
and an interconnect pattern on a metalliZation layer. 

[0058] A circuit pattern database may include designations 
as described above. The designations may include, for 
example, ?ags or tags associated With different types of 
regions, features, or portions of features on the reticle. The 
designations, hoWever, may include any indicia suitable to 
distinguish one type of region, feature, or portion of a feature 
from another type. Each region, feature, or portion of a 
feature, or only some of the regions, features, or portions of 
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features, on the reticle may be associated With a designation. 
Data in the circuit pattern database representing a layout of 
a reticle may be separate from data in the circuit pattern 
database representing the designations. In addition, different 
types of designations may be separated in the circuit pattern 
database. For example, the circuit pattern database may 
include a ?rst set of data that includes designations for 
critical regions, features, or portions of features on the 
reticle and a second set of data that includes designations for 
noncritical regions, features, or portions of features on the 
reticle. Alternatively, different designations may be com 
bined into a single set of data. Data representing a layout of 
a reticle and designations may have any form readable by a 
processor coupled to an inspection system or another pro 
cessor. For example, the data may include ?les or other 
readable data including one or more features and spatial 
positions Within the reticle associated With the features. 
Each feature may also include one or more polygons or other 
shapes as described herein, and a spatial position Within the 
reticle may also be associated With each of the polygons or 
shapes. Therefore, the data can be used to fabricate a reticle. 

[0059] Additional examples of designer intent data and 
methods of use for reticle inspection are illustrated in Us. 
Pat. No. 6,529,621 to Glasser et al. and PCT Application No. 
WO 00/36525 by Glasser et al., Which are incorporated by 
reference as if fully set forth herein. A system or method as 
described herein may also include any of the elements or 
steps illustrated by Glasser et al. The designer intent data 
may be provided directly to a processor of a Wafer inspection 
system, a defect revieW tool, and/or a defect analysis station. 
In one example, the designer intent data may be sent directly 
to the processor of the Wafer inspector, the defect revieW 
tool, and/or the defect analysis station via a transmission 
medium such as that described above. One example of an 
analysis station is the Klarity defects product, Which is 
commercially available from KLA-Tencor. The Klarity 
defects product provides ol?ine analysis of data that is taken 
from a Wafer inspector. 

[0060] Some reticles include phase shift or optical prox 
imity correction (OPC) features. In one embodiment, the 
method may include simulating the printability of such a 
reticle on a Wafer, The simulation may be performed using 
a simulation program such as PROLITH, Which is available 
from KLA-Tencor, or any other suitable simulation program 
knoWn in the art. The simulation may be based on data 
representative of the reticle and/or data generated by inspec 
tion of the reticle. In addition, the method may include 
distinguishing betWeen critical defects and non-critical 
defects on the reticle based on the simulation results and 
designer intent data. In another embodiment the method may 
include removing the phase shift or OPC features from the 
data representative of the reticle. The phase shift or OPC 
features may be removed using a simulation program such 
as PROLITH. Designer intent data may then be used to 
identify non-critical defects on the reticle and to optionally 
?lter out non-critical defects on the reticle. Removing phase 
shift or OPC features from the reticle data may simplify 
distinguishing betWeen critical defects and non-critical 
defects on the reticle. 

[0061] Permissible defects may be identi?ed as defects on 
the reticle that are located in non-critical portions of the 
reticle. In some instances, permissible defects may be iden 
ti?ed as defects that are located proximate a non-critical 
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feature on the reticle such as a test structure. In addition, 
permissible reticle defects may be identi?ed as defects that 
have lateral dimensions that are smaller than a predeter 
mined range of lateral dimensions or a predetermined 
threshold for the lateral dimensions. Alternatively, permis 
sible reticle defects may be identi?ed as reticle defects that 
do not alter a characteristic of the reticle such as phase and 
transmission such that the characteristic is outside of a 
predetermined range for the characteristic. In other 
instances, permissible reticle defects may be identi?ed as 
defects that Will not print on a Wafer exposed With the reticle. 
Alternatively, permissible reticle defects may be identi?ed 
as defects on the reticle that Will not alter a pattern that is 
printed on a Wafer exposed With the reticle such that the 
pattern Will not have one or more characteristics that are 
outside of a predetermined range for the characteristics. For 
example, a permissible defect may be a reticle defect that 
may alter a lateral dimension of a feature printed on a Wafer, 
but does not alter the lateral dimension such that it is outside 
of an acceptable range of lateral dimensions. 

[0062] In general, permissible reticle defects may be any 
defect found on a reticle that Will not alter a characteristic of 

a reticle, a critical portion of a reticle, a pattern on a Wafer, 
or a critical portion of a Wafer such that the characteristic is 
outside of a predetermined range for the characteristic. In 
this manner, permissible defects on a reticle may not be 
repaired prior to releasing the reticle for fabrication. Toler 
ating permissible reticle defects Will result in such defects 
being repeatedly printed on Wafers. Therefore, the permis 
sible reticle defects may alter a pattern printed on a Wafer 
With the reticle such that the printed pattern deviates from 
the “ideal” pattern. As such, changes in the pattern on the 
printed Wafer caused by permissible reticle defects may be 
identi?ed as defects on the Wafer during inspection of the 
Wafer. Wafer inspection systems Will ?ag these defects 
(since they Will generally shoW up as differences in array or 
random detection modes). At the same time, there may be 
other repeating defects on the Wafer that Will be interesting 
to users. Therefore, in a Wafer inspection process, numerous 
repeating defects may be found, some of Which may be 
“nuisance defects,” and users Will have to analyZe these 
repeater defects in defect classi?cation and revieW. In this 
manner, applying designer intent data to reticle inspection 
Without also adapting Wafer inspection processes to use 
designer intent principles Will pose real problems for Wafer 
inspection, defect classi?cation and revieW. As a result, the 
Wafer inspection results may be skeWed by permissible 
Wafer defects resulting from permissible reticle defects. In 
addition, the accuracy and throughput of defect classi?ca 
tion and revieW may be signi?cantly reduced. The method 
described herein, hoWever, advantageously provides a 
method for determining Which defects are “critical defects” 
and Which defects are merely nuisance defects. In this 
manner, the method described herein prevents Wafer inspec 
tion systems or processors from being ?ooded With numer 
ous false defects caused by permissible reticle defects. 
Therefore, the method described herein provides Wafer 
inspection results that may be more clearly analyZed and 
utiliZed. 

[0063] As used herein, the term “nuisance defects” gen 
erally refers to defects on a Wafer that do not alter a pattern 
formed on the Wafer such that electrical elements formed 
from the pattern Will have one or more characteristics Within 
a predetermined range for the characteristics. In contrast, as 
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used herein, the term “critical defects” generally refers to 
defects on a Wafer that alter a pattern formed on the Wafer 
such that electrical elements formed from the pattern Will 
have one or more characteristics outside of a predetermined 

range for the characteristics. In some embodiments, critical 
defects may be distinguished from nuisance defects or other 
“non-critical defects” by comparing the defects or features 
on the patterned Wafer that are affected by the defects to 
design limits for the patterned Wafer. Critical defects may be 
classi?ed as those defects that alter the patterned Wafer such 
that it has one or more characteristics outside of the design 
limits. 

[0064] The method may also include patterning a Wafer 
using the reticle, as shoWn in step 26. Patterning a Wafer 
generally includes forming a layer of a resist on the Wafer. 
The Wafer and the layer of resist formed thereon may be 
placed in an exposure tool. The exposure tool generally 
exposes the layer of resist by directing light through the 
reticle and onto the resist. The exposure tool may be a 
scanning projection system or a step-and-repeat system, also 
called a “stepper.” The exposure tool may include any 
exposure tool knoWn in the art such as tools commercially 
available from Nikon, ASM Lithography, Canon, or Inte 
grated Solutions, Inc. After the resist has been exposed, the 
Wafer may be developed such that a portion of the resist is 
removed. The remaining portions of the resist form a pattern 
on the Wafer. 

[0065] The method further includes inspecting the Wafer, 
as shoWn in step 28. The Wafer may be inspected using any 
method knoWn in the art. For example, the Wafer may be 
inspected by illuminating the Wafer at an oblique angle of 
incidence and detecting light scattered from the Wafer. 
Alternatively, or in addition, the Wafer may be inspected by 
detecting light specularly re?ected from the Wafer. In addi 
tion, the Wafer may be inspected using optical techniques or 
non-optical techniques such as an e-beam inspection tech 
nique. The Wafer may also be inspected using any inspection 
system knoWn in the art. Examples of suitable inspection 
systems include the 2351 system, the AIT XP system, the 
AIT TFH system, the eS25 system, the Surfscan SPIDLS 
system, the Viper 2401 system, and the Viper 2430 system, 
Which are all available from KLA-Tencor. In some embodi 
ments, the method may not include inspecting the Wafer. In 
such embodiments, the method may include obtaining Wafer 
inspection data from a Wafer inspection system or a fab 
database. The Wafer inspection data may be obtained from a 
Wafer inspection system or a fab database as described and 
shoWn in FIG. 2. 

[0066] In addition, the method includes identifying nui 
sance defects on the Wafer, as shoWn in step 30. The 
nuisance defects may be identi?ed based on inspection data 
produced by inspection of a reticle that Was used to form a 
pattern on the Wafer prior to inspection of the Wafer. For 
example, nuisance defects may be formed on the Wafer as a 
result of defects on the reticle that Were determined to be 
permissible reticle defects. In this manner, the method may 
include identifying reticle defects that Were determined to be 
permissible and locating corresponding Wafer defects that 
result from these permissible reticle defects. Since it is 
knoWn that these defects are permissible and Will not reduce 
yield of semiconductor devices, the processor con?gured to 
perform the method may be provided With data relating to 
permissible reticle defects such as defect location and other 
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defect characteristics (i.e., size, aspect ratio, etc.), Which 
may be generated during the reticle inspection process. For 
example, a processor con?gured to perform the method may 
receive reticle inspection data for the reticle that Was used to 
pattern the Wafer as described above. The processor may 
identify Wafer defects corresponding to the permissible 
reticle defects and may not ?ag these defects as “actual 
defects.” The term “actual defects” is used herein to refer to 
defects on a Wafer that are not a result of permissible reticle 
defects. 

[0067] In addition, as shoWn in FIG. 1, the method may 
include translating coordinates of a location of a defect on a 
reticle to coordinates of one or more locations on a Wafer, as 

shoWn in step 24. In some embodiments, the coordinates of 
a location of a permissible reticle defect may be translated 
to coordinates of one or more locations on a Wafer. In this 

manner, if a defect is detected at these one or more locations 
on the Wafer, the defect may be identi?ed as a permissible 
Wafer defect, or a “nuisance defect.” In other embodiments, 
if the effect of a reticle defect on a patterned Wafer is 
unknown, the coordinates of the reticle defect may be 
translated to coordinates of one or more locations on a Wafer. 

The Wafer may be exposed With the reticle, and the one or 
more locations on the Wafer may be inspected or otherWise 
analyZed to determine the printability of the reticle defect or 
the effect that the reticle defect has on the printed pattern. 

[0068] In other embodiments, the method may include 
identifying locations on a Wafer in Which nuisance defects 
Will be formed based on inspection data produced by inspec 
tion of a reticle. Such a method may also include selecting 
one or more parameters for Wafer inspection such that the 
locations in Which the nuisance defects Will be formed are 
not inspected. In a similar manner, the method may include 
selecting one or more parameters for Wafer defect revieW 
such that the nuisance defects are not revieWed. In yet 
another embodiment, the method may include selecting one 
or more parameters for Wafer defect analysis such that the 
nuisance defects are not analyZed. 

[0069] In one embodiment, defect coordinates betWeen a 
point on a reticle and a corresponding point on a Wafer may 
be translated automatically. In contrast, currently, translation 
of coordinates betWeen a reticle and a corresponding Wafer 
is usually performed in a non-automatic manner. For 
example, non-automatic translation of coordinates may be 
performed manually using a spreadsheet. Automatic trans 
lation of coordinates, hoWever, may be particularly advan 
tageous in connection With analysis of defects based on 
design information. One embodiment of coordinate transla 
tion may be implemented using X-LINK, Which is commer 
cially available from KLA-Tencor, and automating the 
X-LINK capability for creating translated coordinates from 
reticle coordinates and Wafer coordinates. In such an 
embodiment, reticle defect images may also be sent to a 
processor con?gured to analyZe the defects based on the 
design information. In some embodiments, translating the 
coordinates from a reticle to a Wafer may also include 
automatically verifying the accuracy of the translation. 

[0070] In some embodiments, reticle defects may be deter 
mined to be permissible reticle defects based on designer 
intent data as described above. In another embodiment, the 
method may include using the designer intent data in com 
bination With the data generated by inspection of the Wafer 
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to identify nuisance defects on the Wafer. For example, the 
designer intent data may be used to indicate different types 
of regions, features, or portions of features on the reticle. 
Therefore, the designer intent data may be similarly applied 
to corresponding regions, features, or portions of features on 
a Wafer printed With the reticle. In this manner, the defects 
may be identi?ed as nuisance defects or critical defects 
based on the types of regions, features, or portions of 
features on the Wafer in Which the defects are located. As 
such, the designer intent data may be used to identify 
nuisance defects on the Wafer Which may or may not be 
formed on the Wafer as a result of permissible reticle defects. 
For example, the designer intent data may be used to identify 
nuisance defects on the Wafer that are a result of a defective 
resist layer. 

[0071] In one such example, the method may include 
using designer intent data corresponding to “dummy struc 
tures” such as chemical-mechanical polishing (CMP) 
dummy pads to identify areas on a Wafer that a user does not 
care about the defectivity of (i.e., “don’t care areas” or 
DCA). As used herein, the term “dummy structures” is used 
to refer to patterned features that do not form an electrical 
element of a semiconductor device. As described above, 
Wafer inspection faces tWo main challenges: detecting the 
defects of interest and ?ltering out the nuisance defects. 
When CMP dummy pads are added to the layout of a design, 
the second challenge increases in signi?cance since the time 
spent on ?ltering nuisance defects detected on dummy pads 
may increase signi?cantly. In addition, as the number of 
dummy pads increases, the number of nuisance defects that 
may be detected on the dummy pads Will increase. Further 
more, as the number of copper-based interconnects included 
in an IC increases, the number of layers of the IC that 
include CMP dummy pads increases signi?cantly. 

[0072] Manually identifying DCA around regions of CMP 
dummy pads may be extremely time consuming. The 
method described herein, hoWever, reduces the time 
required for ?ltering nuisance defects or manually generat 
ing DCA by using layout tools or a processor to generate the 
DCA around the dummy pads for inspection purposes. 
Additionally, the dummy pad areas may be ?ltered out for 
inspection purposes While maintaining the sensitivity of 
defect inspection on circuit areas of the overall pattern. 

[0073] FIGS. 3a-3d illustrate one example of hoW indi 
vidual layer data for an IC can be manipulated to identify 
DCA on a Wafer. The individual layer data manipulated in 
this example is layer data for the ?rst metal (Ml) layer of the 
IC. HoWever, it is to be understood that similar manipulation 
of individual layer data may be performed for any layer of 
an IC. Initially, the individual layer data may be selected 
from a GDSII ?le. By performing an AND operation 
betWeen the individual layer data and the reference frame, 
the original mask data may be generated for the M1 layer, as 
shoWn in FIG. 3a. The dummy pads may then be generated 
in regions of the M1 layer Where there is not a pattern by 
performing a NOT operation betWeen the frame and the 
layer data, as shoWn in FIG. 3b. Therefore, a simple 
sequence of Boolean operations alloWs easy generation of 
dummy pads for the M1 layer. 

[0074] As shoWn in FIG. 30, by performing an AND 
operation betWeen the dummy data and the reference frame 
a ?rst DCA (DCAl) may be identi?ed. HoWever, it may be 
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advantageous to inspect some portions of DCAl to check for 
defects that may adversely affect a layer above or below this 
layer. For example, most times a defect on a dummy pad by 
itself is insigni?cant from a circuit performance perspective. 
However, some of these defects may contribute to defects at 
another or the next layer, Where they may cause disruption 
of a real circuit pattern. Manual generation of the DCA, 
hoWever, is performed Without any knoWledge of the layers 
to be formed on top or beloW the layer for Which the DCA 
is being determined. In contrast, by performing a NOT 
operation betWeen the DCAl data and data for a layer above 
or beloW this layer (i.e., in the case of the M1 layer, data for 
the M2, M3, and even M4 layers), the dummy area may be 
further ?ltered to determine the actual DCA data (i.e., 
DCA2). For example, as shoWn in FIG. 3d, the dummy areas 
that overlap With layer data of the M2 layer may be removed 
from DCAl since defects on these overlapping dummy pads 
may adversely affect one or more characteristics of features 
on the M2 layer. 

[0075] The method may also include altering the siZe of 
the DCA. For example, some of the DCA generated by the 
Boolean operations may have dimensions that are too small 
or too large to be effectively managed by an inspection 
system stage assembly and/or image computer. After gen 
eration of the DCA, the DCA may be siZed doWn or up 
through the minimum dimension (i.e., x pm) that the inspec 
tion tool can handle (i.e., DCA3=DCA2-x or DCA3= 
DCA2+x). In addition, DCA that are relatively small may be 
eliminated from the DCA data for an entire layer. In this 
manner, certain DCA may be siZed or eliminated from the 
DCA data for a layer While alloWing identi?cation of defects 
in the DCA that may cause defects on another layer of the 
IC. 

[0076] The DCA data may be provided to a reticle inspec 
tion system, a Wafer inspection system, a defect revieW 
system, and/or an analysis system. In another embodiment, 
designer intent data or information about the criticality 
associated With different areas of the Wafer may be sent to 
a reticle inspection system, a Wafer inspection system, a 
Wafer defect revieW tool, and/or a Wafer defect analysis tool. 
The reticle inspection system or the Wafer inspection system 
may use the DCA data and/or the designer intent data to 
detect actual defects on a reticle or a Wafer by ?ltering out 
nuisance defects detected in the DCA or by not performing 
inspection in the DCA at all. In this manner, the Wafer 
inspector and/or reticle inspector may be con?gured to 
inspect only the areas of the Wafer that matter or that matter 
the most. 

[0077] In a similar manner, the defect revieW system may 
use the DCA data and/or the designer intent data to revieW 
only the areas of the Wafer that matter (i.e., non-DCA areas) 
or that matter the most. In other Words, one or more 
parameters for Wafer defect revieW may be determined 
based on the criticality associated With different areas of the 
Wafer. In one embodiment, the one or more parameters may 
be selected such that only defects located in critical portions 
of the Wafer are revieWed. The parameters may also be 
different for different critical portions of the Wafer. In 
addition, the defect revieW system may use the DCA data or 
designer intent data to distinguish betWeen actual defects 
and nuisance defects. In another example, the defect analysis 
system may use the DCA data and/ or the designer intent data 
to analyZe only areas of the Wafer that matter (i.e., non-DCA 
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areas) or that matter the most. For example, one or more 
parameters for Wafer defect analysis may be determined 
based on the criticality associated With different areas of the 
Wafer. The one or more parameters may be selected such that 
only defects located in critical portions of the Wafer are 
analyZed. The parameters may also be different for different 
critical portions of the Wafer. Furthermore, the analysis 
station may use the DCA data or the designer intent data to 
distinguish betWeen actual defects and nuisance defects. 

[0078] In a different embodiment, data generated by a 
reticle or Wafer inspection system may be transmitted to a 
processor con?gured to generate the DCA. The processor 
may use data generated by inspection in combination With 
the DCA data to identify actual defects on a reticle or Wafer 
by ?ltering out defects detected in the DCA or by not 
performing defect detection on inspection data correspond 
ing to the DCA. 

[0079] The method may also include separating nuisance 
defects on the Wafer from actual defects on the Wafer, as 
shoWn in step 32. In one embodiment, the nuisance defects 
may be separated from the actual defects simply by not 
?agging or identifying the nuisance defects as defects at all. 
In this manner, data generated during Wafer inspection Will 
not include data representative of the nuisance defects. In 
other embodiments, nuisance and actual defects may be 
assigned different designations such that both types of 
defects are recorded and can be separated based on the 
different designations. In another embodiment, a nuisance 
defect ?le or list may be generated separately from an actual 
defect ?le or list. The nuisance defect ?le or list may or may 
not be accessible to the user. For example, in some instances, 
the user may be interested in only the actual defects and, 
therefore, Will have no need for the nuisance defect ?le or 
list. In other instances, the user may access the list for further 
processing or analysis of the nuisance defects such as 
veri?cation of the permissibility of the nuisance defects, 
determination of the effects of the nuisance defects on 
semiconductor device yield, or for display of the nuisance 
defects overlaid With other data. In other embodiments, the 
nuisance defect data may be used for tool-to-tool compari 
sons or calibrations. For example, the nuisance defect data 
may be used to calibrate or compare inspection systems of 
different make and model or inspection systems of the same 
make and model. If different makes and/or models of 
inspection systems are to be compared, the nuisance defects 
may be stored as ?les having a common data structure such 
as KLARFF. 

[0080] As shoWn in step 34, the method may also include 
processing data representative of the actual defects, but not 
data representative of the nuisance defects. For example, the 
data representative of the nuisance defects may not be 
further processed, classi?ed, revieWed, or analyZed since the 
defects Were previously determined to be permissible. By 
eliminating processing of the nuisance defect data, process 
ing the actual defect data Will be simpler, possibly more 
accurate, and quicker Processing data representative of the 
actual defects may include, but is not limited to, determining 
a lateral dimension of the actual defects, determining a 
material of the actual defects, classifying the actual defects, 
revieWing the actual defects, and analyZing a root cause of 
the actual defects. 

[0081] In some embodiments, the method may include 
generating a tWo-dimensional map of the Wafer, as shoWn in 
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step 36. In one embodiment, the nuisance defects may be 
shown in the map along With other defects detected on the 
Wafer. In such an embodiment, the nuisance defects may be 
distinguished from other defects in the map by one or more 
different designations. In other embodiments, the nuisance 
defects may not be shoWn in the map. The map may, 
therefore, illustrate only actual defects detected on the Wafer. 
In this manner, the map may be more quickly analyZed by 
a user or by a processor since the nuisance defects have been 
eliminated. The tWo-dimensional map may illustrate the 
entire Wafer (i.e., a Wafer map) or only a portion of the Wafer 
(i.e., one or more die maps). In one embodiment, the method 
may include generating more than one tWo-dimensional 
maps illustrating various portions of the Wafer. In addition, 
the method may include generating one or more tWo 
dimensional maps illustrating the critical portions of the 
Wafer. The types of the various portions of the Wafer may be 
illustrated in the maps using different colors, ?ags, or other 
indicia. In some embodiments, the tWo-dimensional map 
may be overlaid With other data such as PROLITH data, 
defects, and inspection areas. 

[0082] In additional embodiments, the method may 
include determining if the nuisance defects affect the yield 
of semiconductor devices that are ultimately fabricated on 
the Wafer, as shoWn in step 38. For example, the actual 
impact of the permissible reticle defects on yield may be 
analyZed from time to time. In one embodiment, the actual 
impact of the permissible reticle defects may be analyZed by 
electrical testing that is performed on electrical elements 
formed on the patterned Wafer. The electrical testing may be 
performed before or after complete semiconductor devices 
are formed from the electrical elements. In other embodi 
ments, the actual impact of the permissible reticle defects 
may be analyZed by simulation of the electrical character 
istics of electrical elements that Will be formed from the 
patterned Wafer. The simulation program may be provided 
With speci?c information about the Wafer defects that 
resulted from the permissible reticle defects. The speci?c 
information may include results of metrology, inspection, or 
other analytical testing. 

[0083] In other embodiments, the method may include 
analyZing the nuisance defects to determine if the permis 
sible reticle defects Were correctly classi?ed, as shoWn in 
step 40. For example, the effect that the nuisance defects 
have on yield of semiconductor devices fabricated on the 
Wafer, Which may be determined in step 38, may be used to 
determine if the reticle defects are actually permissible. In 
some embodiments, analyZing the nuisance defects to deter 
mine the permissibility of the reticle defects may include 
further metrology or experimental techniques such as high 
resolution imaging. In other embodiments, analyZing the 
nuisance defects to determine the permissibility of the reticle 
defects may include analyZing or processing data represen 
tative of the nuisance defects. For example, modeling may 
be used to determine the effect that a nuisance defect Will 
have on electrical characteristics of a device formed on the 
Wafer. 

[0084] If the permissible reticle defects Were not correctly 
classi?ed, the method may include determining if the reticle 
should be analyZed, reWorked, or disposed, as shoWn in step 
42. For example, the reticle may be analyZed to generate 
information about the incorrectly classi?ed defects such as 
siZe, material, phase and transmission characteristics, and 
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proximity to other features on the reticle. In addition, 
reworking the reticle may include repairing the incorrectly 
classi?ed defects or removing the incorrectly classi?ed 
defects from the reticle. The repair process may include 
chemically assisted laser removal, laser induced shock Wave 
removal, or particle beam assisted repair. An example of a 
chemically assisted laser removal tool is illustrated in 
“Chemically Assisted Laser Removal of Photoresist and 
Particles from Semiconductor Wafers,” by Genut et al. of 
Oramir Semiconductor Equipment Ltd., Israel, presented at 
the 28th Annual Meeting of the Fine Particle Society, Apr. 
1-3, 1998, Which is incorporated by reference as if fully set 
forth herein. An example of a laser induced shock Wave 
removal tool is illustrated in US. Pat. No. 5,023,424 to 
Vaught, Which is incorporated by reference as if fully set 
forth herein. A particle beam assisted repair tool may be 
con?gured to perform a focused ion beam (“FIB”) tech 
nique, Which is knoWn in the art. Such a particle beam 
assisted repair tool is commercially available from, for 
example, Micron Corporation, Peabody, Mass. Altema 
tively, reWorking the reticle may include cleaning the reticle 
using a Wet or dry cleaning process such as etch or stripping 
processes. If the incorrectly classi?ed defects are not repair 
able, the reticle may be disposed. In addition, the reticle may 
be disposed of if the number of incorrectly classi?ed defects 
substantially increases the cost of repair. The method shoWn 
in FIG. 1 may include any other steps of any other methods 
described herein. 

[0085] FIG. 4 is a How chart illustrating a computer 
implemented method that includes detecting defects on a 
Wafer by analyZing data generated by inspection of the Wafer 
in combination With data representative of a reticle. The 
method includes obtaining data representative of the reticle, 
as shoWn in step 44. The data representative of the reticle 
may include macro level information (like the SRAM). The 
macro level information may include repeating small ?gures 
(like cells) amassed into intermediate level ?gures (like 
memory pages), Which can be brought up together to the 
macro level. The data representative of the reticle may also 
be discrete micro features in the logic. Such data may be 
described in MEBES ?les, GDSII ?les or other standard ?le 
descriptions of the reticle. The ?les may include designer 
intent data as described above such as designations that 
distinguish betWeen different yes of portions of the reticle, 
features, or portions of features on the reticle. 

[0086] The method may also include determining param 
eters of Wafer inspection, as shoWn in step 46. For example, 
determining parameters of Wafer inspection may include 
identifying different types of portions of the Wafer, features, 
or portions of features on the Wafer that correspond to the 
different types of portions of the reticle, features on the 
reticle, or portions of features on the reticle based on the data 
representative of the reticle. In one embodiment, the method 
may also include distinguishing betWeen different portions 
of the Wafer, as shoWn in step 52. The different portions of 
the Wafer may be determined based on the data representa 
tive of the reticle. In particular, the different portions of the 
Wafer may be determined based on the designations that 
identify different types of portions of the reticle, Which can 
be correlated to the different portions of the Wafer as 
described herein. For example, the different portions of the 
reticle may be correlated With areas on the Wafer in Which 






















