TI TLE: DETECTI NG DEFECTS ON A WAFER Thi s application clainms priority to
U.S. Provisional Application No. 61/ 152 477 entitled "Methods and Systens
for Detecwongiodesmssts on a Wafer,"' filed February 13, 200a55200i023302 S
incorporated by reference as if fully set forth herein 1. Field of the

I nvention This invention generally relates to detecting defects on a wafer.
Certain enbodi nents relate to assigning individual output in raw output for
a waf er generated by an inspection systemto different segnents. 2.

Dysci j pti oi PG bBF% SN ATEF HRESAEN ol AgFHescri ption and exanples are
riot admtted to be prior art by virtue of their inclusion in this section.
Waf er inspection, using either Opt'%ﬁkﬁ?&f?&%ﬁb&?@ beam technol ogies, is an
i nportant technique for debugging sent . enuf act uri ng processes,
nmoni tori ng processs A@ﬁlh(ﬁldn(m*&mb@ﬂl@nhfm@@l PIQWESEQQQU b{a@vmnmekdm/m he7

sem conductor industry. Wth the ever decreasing scale of nodern integrated

circuit$ (K€§¥mhéﬂﬂﬁpﬂbéeﬁbhéﬁbﬁérgﬁeﬁwgéE§Wp%é%ﬁf?d8* ‘thed nebwuEdBur i ng
brocess, | HOBECLLONIAREONRALIR G AN - dih! [ bl nerbi), each processing
step perforned duc water 't'h Ci'T GUi t pattern is
printed in each d|e on the mafer Most mafer |nspect|on systens take
advantage of this fact and_use a relatlve%yNS|A-IevdLeAto di e conparison to
detect defects on the waf eBALHGBIE/NDQE IHEANNYERTHINi t in each die may

i ncl ude nany ar?%ﬁi%@ﬁﬁ%ﬁtﬁn@ d features that repeat in the x or y

di rection such DRAM SRAM or FLASH. This type of area is
commonl iy ref err eihid @vasioancatkay raseaio(ddhetinggticok ochhevateascrafie cal | ed
random or c ar eas To achjeve better sensitivity, advanced inspection

syst ens errp digpatsgic %ﬁftws'ft‘swafi@g.l%‘vbﬁa% TSP EEEFNe P HAORE PA{ET SPRASCAAY t he
random or 1Lagj bg&g@\blgﬁgeﬂﬁbg ~afer inspection process for array

i nspection, many cur y use |n§pect|on systens require users to
manual |y set up regions of interest (RO) and apply the sanme set of
parameters for defect detectLon in the sane ROL However, this nethod of set
up is di sadvant agasuigugr the 8r2lbf reasons. For exanple as design rules

15 The following description and examples are not admitted to be prior art by virtue

of their inclusion in this section.

Wafer inspection, using either optical or electron beam technologies, is an
irmportant technigue for debugging semiconductor manufacturing processes, monitoring
process variations, and improving production yield in the semiconductor industry. With

26 the ever decreasing scale of modern integrated circutts {ICs) as well as the increasing
complexity of the manufacturing process, mspection becomes more and more ditficult.

In cach processing step performued on a semiconductor wafer, the same circuit
pattern is printed i cach die on the wafer. Most wafer juspection sysierus take advantage
of this fact and use a relatively simiple die-to-die comparison to detect defects on the

25 wafer. However, the printed circuit in each die may include many areas of patterned
features that repeat in the X or y direction such as the areas of DRAM, SRAM, or
FLASH. This type of area i1s commonly referred to as an array area {the rest of the areas
are called random or logic arcas). To achicve betier sensitivity, advanced inspection
systems cmploy different strategics for inspecting the array areas and the random or logic

36 areas.



shrink, region definition can be nmuch nore conplicated and nmuch smaller in
area. Wth the limtations on stage accuracy and resolution of the

i nspect i onoysNmaI33manual set up of RO w Il beconme i npessiusb@omyssnt ual ly.
On the other hand, if the distance between page breaks is |arger than
Fourier filtering can perform the page break will not be suppressed in the
array region. In another nethod, intensity is used as a feature of

segnentation to group Si m lar intensity ?I xel s together. Then, the same set
of par arret ers ar'® Sl i SG T GPSPEHIO S RESY ‘6‘@6%1‘““’&%&“ m@f‘h?‘éﬂﬁ%ﬂt‘vwg sed).

However, QSR 300 0 18f sefl YHIRARSrest RO éfw
i ntensi ty ba‘z)egEsa qrrteentqa%) 1{;%%5 goéj??lﬁ{m@% %%?%sg{no eﬁieélr(gg)oﬁet fyeat ure
scatters unhd omm gt olFdrenctohdoevdrct dittcson s th@tammhﬁ‘@ hHoWherrefhor ecthot her

property-based se ation is. needed Accordin it vvoul _be advant ageous
to devel op Ozé?tr?@dgggﬁ AgFEEBIREOF bR tréétl?%aﬁ‘agf%cf‘%m%ﬁ & harEr%that can

achi eve sbet gy qle%gg bk t%{lu&i cHOILGES: A% Ul Zhig h G KAWL BIIR JfDatydef ect s

of interest and I sance/ noi se reside in diffferent segnents geonetrically.
SUWMVARY  OF tHtHEm tNVENTRGM ¢ hectrady v roghdesiortitin ineprcofn vatdnousarenbodiupent s

apponded ISR IO CEHELAPREND | SFALaL { Brdh Lok aH: | i GHEHEGH REEhod f or

detecting defecls,.00 (A.ahel ol HeARULES udrf@;h?ﬁ@%[}bt gidbimgzt: hedinel udes
acquiring raw out put for a waf er generat ed1 by an i nspection system The

conput er - i rarpmanﬁnﬂadthﬁanhpdawrso i ncludes identifying one or nore

characterlstlcs of tE @/é)utput t.hat cor‘rge g .to one.or nore . .
georet r'f’cal char2étd ?"“sii“‘t AL AR BED S PRI AAT ey SEOPREEHEH R RERER 1n
addi tion the.coRRULEL rtPbeMBihet.mRhhod 4m§4a%@§s BRSINE NG LR MIOHE
output in the raw outpit to di ff erent segrrents based on the identified one

or nore chaf actebriistisgs-tafedih é‘iomavxﬁloﬂnmmmhsd echothhat ntlméumfeil@d‘v AOREES.

eonetri cal charaterlstlc terned featuresthat correspond to
daoh of +ndSGrTFEnE hErbech S o Bt By Honey Py

conput er - i NPli@ABLRLE MRIHLD. '@ﬁh&l%% §§P§ﬁ@t%bymﬁ%§h9@’!1&9i(9@‘%ﬂ§!r nor e
def ect detection paraneters to the different segnents.

conput €5- i pdEnyrted! wetitodtiah soeeded.
Accordingly, it would be advantageous to develop methods and systems for
detecting defects on a wafer that can achieve better detection of defects by utilizing the
knowledge that defects of interest and nuisance/noise reside i different segments

geometrically.

SUMMARY OF THE INVENTION

The following description of various embodiments is not to be construed in any
way as limtting the subject matter of the appended claims,
Une embodiment relates to a computer-implemented method for detecting defects
25 onawafer. The computer-implemented method includes acquiring raw output for a
wafer generated by an inspection system. The computer-implemented method also
includes identifying one or more characteristics of the raw output that correspond to one
or more geometrical characteristics of patterned features formed on the wafer. In
addition, the computer-implemented method includes assigning individual output in the
30 raw output to different scgments based on the identified one or more characteristics of the

raw output such that the one or more geometrical charactenistics of the patterned features



i ncl udes applying the assigned one or nore defect detection paraneters to
the individual output assigned to the different segnents to thereby detect
def ect s owmotzhm/osafsar. Each of the steps of the conpi Uer pcopiscomsiobisd2 met hod
descri bed above nmay be performed as described further herein. The

conpul er -i npl enei ued net hod descri bed above may include any other step(s)
of any other nethod(s) described herein The corrputer-i npl ement ed net hod

descri bed above may formed using any of descr.i bed herein.
Anot her entd Fﬁ%ﬁ‘tpgfiiﬁ%??@g of gregidpipurercre st Fféf%% ‘dﬁﬁﬁﬁ% el udes

program i ”%gfn?ﬁiek%ﬂ legkég&%!trﬁe%&i 98 uﬁ BBHL@Y a&%ﬁﬁ&%&e% nRELHORE ng a

nmet hod for detectin ects on a vva nethod i ncl udes t he st eps of
t he conput ekicopbepeanedraptihodidesc sagln&dtsabldwemn]‘sbe:r-@mmuteeroé neadabdies

medi um may .b urt her c nfi d as described herein. The ste
met hod may ‘Bg ‘}}éﬁf"%‘ﬁ%& %\%‘*S%’ég’gr"il%@‘a@{rr T IREF BRI PRSP i “dﬁg“ii{\’é?

met hod for o%u?@ssﬁﬁ%d&(% Qi@%rbﬂ%k%&cﬁtk FeALS g@%@&%&@i &n MRY%,4igc! ude any

ot her step(s) any ot her nethod(s) described herein. An additional
enbodi nent rel at‘Eeash pbtha s&msbét}mcom‘pb@mmplkbmn@étm&bacﬁ%em’m@i apvamaghber . The

system i ncl udes ctio m conf i ure ene ut put
Tor o wal By Ea ARG A dFeor L Sh e el 60% St or
subsyst em ¢opfd QU 6L A AUF Go ah?omg At wtmm{ts%&&math%ﬁ,@u?ﬁ«yst emi s
al so conflgured to identify one or characteristics of the raw out put
that corr es:pmmdiet-anpiﬁelvmedmim’[@dg@ﬁmenh abale chabagtdrinstdi iss:gofmypdtheer ned
features for med g Ee wafer. In addition, the conputer subsystemis
confi gufed ¥ TR EFGHOFh S dual output in the raw output to different

segnents based ohdilig cligRiidut REONS QlonlRESR- 1@;&?&5&%&&&@&;&%&&&&“9 raw
out put such that the one or nore geonetrical characteristics of the

patterned freagramessitthacnscaergspord atcompath spfien e ifbfremegmtmsibgdbnt s are

different. Teco uter subsys rth onf i d to separately
assi on - one BTG et Bes ALy ecer o et ety EoREPTRETAFPPERER:  segmunt s.

Fur t her nor gy, m@nﬁﬁrﬁq&a&l d@uﬂ'@a{ﬂb%m i ?h@@@ﬁww fdadrd ARBL &Q@b@ﬁﬁuﬁped one
or nore def ect detection paranmeters to the individual output assigned to

t hedi f fiér emmféggmém destobadieraby THestept oldbé sctimdonet brepanbfirard aTHescgst em
may be furt fm her %gmm e ae‘lqnwn iqu meihode %}t w%m?\ e program wnstructions are exccutable
may inchude any other step(s} of any other method(s} described herein.
An additional embodiment relates to a systenm configured to detect defects on a
wafer. The system includes an inspection subsystem configured to generate raw output
26 for a wafer by scanning the wafer. The system also includes a computer subsystem
contigured to acquire the raw output. The computer subsystem s also configured to
wdentify one or more characteristics of the raw output that correspond to one or more
geometrical charactenistics of patierned features formed on the wafer. In addition, the
computer subsysier is configured to assign individual output iu the raw output to
25 different segments based on the identified one or more characteristics of the raw output
such that the one or more geometrical characteristics of the patterned features that
correspond to cach of the different segments are different. The computer subsystem is
further configured to separately assign one or more defect detection parameters to the
different segments. Furthermore, the computer subsystem is configured to apply the

30 assigned one or more defect detection parameters to the individual output assigned to the
&



O her objects and advantages of the invention will becone apparent upon
reading the foll ow ng detail ed description and upon reference to the
acconpanywogotvesizags in which: Fig. 1 is a block diagraoriusbmsioezso: ng one
enbodi mrent of a conputer-readabl e nediumthat includes programinstructions
execut abl e on a conputer systemfor perform ng one or nore of the nmethod
enbodi nents described herein; and Fig. 2 is a schemati ¢ di agram
illustrating. a side view ne enbodi nent a systemconfigured to detect
def ects on SHISHESFENGHE ‘ég‘ﬁﬁg‘ |‘lﬁ§?§’rff‘?? ° ﬁ’%ﬁ‘sd‘s“%%fp s BISESER Wk poisther

nmodi fi cati Qpgrands M fernaldveforns, specific enbodlnents thereof are shown
by way of exaiaPe ?# E %%av?ngs and will herein be described in detail.
It should be understood however, thai the draw ngs and detail ed
description thereto are ng L nten To Il | HH_‘;Han_nﬁ[on to the
particular form di scl osees Wit A B R ion is to cover
al | modificati O@ﬁhuﬁ%&‘e‘(@hﬁ!”ﬁ%a@t@%x@ittl@:r ﬁ@u{u sﬁswlf@:xlc,!:érﬂga aﬁ’éﬂt Up %ﬁﬁ%&éiﬁg“ t
and scope of the present Inventionh as defined by the appended % al s
Al t hough enhmﬂﬂhgmﬁ5&anhddbannmedn@ep@1mfmmmhtn@spﬁm®ﬁ¢@mwwg@msﬁnﬁﬁnis to
be understoaqd that the enbodi nents may be used for detecting defects on
anot her spét Pen such as a reticle, which nay al so be connnnly referred to

1 oCK T T i 1g et oflal ¢ -1

as a mask or a photionask Jmﬁyg gl f; fi%‘%z%ﬂ?g%h(@&ﬁb&f E@@Ilc SSyAl&.knawr in the
art, and the terns "reticle, K, phot omask gs used herein are
i nt ended t@namwndwasmhakbpﬁymastmﬁnm@mﬁﬂﬁe@n&ﬂ©mmannmph@1 arsten Qe
enbodi nent relates to a ¢ er-imle t ed t hod f.or .detecting defects
on a walfior PRREVGERBGPRPST ol BB EY SHEDHBE T IHAES RERt Fing raw out put

for a wafer ge”%gtzeigaQMhﬁEhthﬁPﬁ%ﬂ%tﬁM& emdcéwmlﬁgm&m%nﬁ@wg@gt put for
the wafer may be perfornmed using the inspection system For exanpl e,

acquiring ﬁhﬂmnaMﬂﬁﬂnpﬁnzmﬁyﬂddhmd@nuswngrthe |nspect|on systemto scan
| i ght over the enerat raw out

oot ered ands onThE 1 B0 st P BT e ks SR aRo ECROM T et ety st em

during Sca@f}‘mgc QI!(lBOdIBlLﬁiS MR are @xﬁﬂ&‘ﬂ 5y REy bhShN RULP Qﬁaw@@% dnflGliude
scanni ng the wafer. However, acquiring the raw output does not necessarily
i ncl udds  therein be described in detail, 1t should be understood, however, that the drawings and

detailed description thereto are not intended to Hmit the wveuntion to the particular form
disclosed, but on the contrary, the intention is to cover all modifications, equivaients and
alternatives falling within the spinit and scope of the present invention as defined by the
appended claims.
26
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Although embodiments arc described herein with respect to waters, it is to be
understood that the ermbodimnents may be used for detecting defects on another specimen
such as a reticle, which may also be commonly referred to as a mask or a photomask.

25 Many different types of reticles are known in the art, and the terms “reticle,” “mask,” and
“photomask™ as used herein are intended to encompass all types of reticles known i the
art,

One embodiment relates to a computer-implemented method for detecting defects
on a wafter. The computer-implemented method inchudes acquiring raw output for a

30 waler generated by an inspection systern. Acquiring the raw output for the wafer may be

performed using the fnspection systern, For cxample, acquiring the raw ouiput may



scanning the wafer. For exanple, acquiring the raw output may include
acquiring the raw output froma storage nediumin which the raw out put has
been st orwd 20®/03733by the inspection systen). Acquiri ngPChase@ewoesspput from
the storage nmedi um nay be perforned in any suitable mariner, arid the
storage nedi um from which the output is acquired may include any of the
storage nedi a described herein. In any case, the nethod includes raw out put
(e.g., raw.d 5?) collection, In one enbodiment, the_ raw output is

responsi ve 'BGUYS HHES S8 AP SHFEM 1P RANVIESPYeTIthe WARE PRYIca¥ercRifr A aur
out put may o*agpu'a 3 &@w V‘[%Jlitﬂﬂt 4. g8%q %9@5} ﬁ:ﬁ%geﬂ 'ﬁ%m Jn@% \A@ffaegzcea%%é ected by

t he i nspection syst ternati vel e raw out put e responsive to
light refl empedidnrswn@hmxwfsea{mmgd Idehzemﬁﬁdcxbychmmg msmmbutpam sygiremdeThe

raw out put may.include any suitable raw output and may vary dependi ng on
the confi gUF%{W%ﬁﬁngﬁ }%/“ﬁ‘sﬁefcf‘%%ﬁn%@?é%‘“ ORB 8%t BYCck ‘é‘?’ ’éﬁ}nugﬁt put nmay
i ncl udesi g@(ﬂfln%c dat3er! %Q&a@ﬂﬁa’&ﬁ&iﬁng L I@g%tﬁﬁtﬁ’ bha % 19@11('3@5[&(1/{9&!&9‘&@ may be

general [y definéd as output for east a portion ( I pl"e pi xel s)
of the entirpe cotpupivmgeniengt eddfuar int-higchviifeenwhyituh dad Mpeeu ¢cOfT. s )tst tbm
Furthernore, the ram1o§ ut may i ncl ude all of t he rawr .out put generated

for the entPPECHREFWFcH %UVW~ %ﬁﬁ“dﬁ“@ﬁé?@ﬁP*aqu%ﬁ“WﬂemH W But put

generated for,ther ankl rsﬁiiff?)@é bR Ofndtihe swp; ermetdhﬁﬁ it’eﬁi whidR %dm@yymt e
i nspection'system all of the raw output génerated for the wafer by one

channel of atferddnspectivdnasy st bmstoetze. mediedgacdbeblsrah. Wheathewse tthenetwd

out put corr gﬁ nds to defects o he, wafer. I n contrast, individual output
may be ‘genédf  THEOP RS % BB PUFCUR- i ndi vi dual pi xel of the entire

out put generat e@'n her nﬁﬁ@dﬂ‘f@ﬁﬁfhc%{w%‘&m& RSRELAEQBR (5 M@&Qmﬁn—mﬁﬁ @Jl(?}'iew afehe raw
out put may include nultiple I ndi vi dual output. In ot her words,

i ndi vi dual utapuularaiichbey outpplutmay ép arsableily‘ igemdr aaddef] élrondthkf*«mfe‘rtmd
| ocations on, t out p i ncl

A RS e R e T ME L P e Lo Y S e

I'n parti CU'lﬁghtutﬂlaég@k&ﬁﬁﬁ}@@taiér%ﬁéﬁb@&%d %Xh&i%’lﬁ&ﬁ@@@xdtén@ dhd f0F 80put
|nspect|on points" on the wafer. In other words, the different |ocations

may corifes pmndnt lod¢ eratiitobls rom culyet waf ey foly iWhmh@m rmtwnegts"emr attbt y
gener at ed thelne ectl ste n this mann 1€ p i fferent locations
Tay cor esgURINES SACH 1/GRATHONCoNe (e Tar oo e e cH 4 EdTr et | o
perforned Ry tiRQJhMSREGE AN oSYSL @R be generally defined as output for at least a portion
{c.g., multiple pixels) of the entire output generated for the wafer by the inspection
system. Furthermore, the raw output may include all of the raw output generated for the
26 entire wafer by the inspection system, all of the raw output generated for the entire
portion of the water that 1s scanned by the inspection system, all of the raw output
generated for the wafer by one chanuel of the inspection system, ote., rogardless of
whether the raw output corresponds to defects oun the wafer.
fn contrast, individaal output may be geunerally defined as output for an individual
25 pixel of the entire output generated for the wafer by the inspection system. Therefore,
the raw output may include multiple individual output. In other words, the individual
output may be output separately generated for difforent locations on the wafer. For
example, the individual output may include individual, discrete output generated for
different locations on the wafer, In particular, the different locations may correspond o
30 different “inspection points” on the wafer. In other words, the different locations may

correspond to locations on the wafer for which output 18 separately geuerated by the



As such, the different |ocations may vary dependi ng on the configuration of
the inspection system(e.g., the manner in which the inspection system
gener at eswoubpu3fer the wafer). The individual output iPociusdes/oessd: vi dua
out put that does and does not correspond to delects on the wafer. The

i nspection system may be configured as described herein. For exanple, the

i nspection system nay be configured for dark field (DF) inspection of the

wafer. In this manner, the inspection.systemnay include a i nspection
system Thé“BRCYFSpett I 1y St8RTindy BEFERprgure iy sodedent tethchur t her

herein. In hgd}_?gh% 1R & v ﬂﬂ@? :“ﬁ%&%%ﬂéér?ﬁ %ﬁ%ﬁriﬁﬂ%@% be :&%@(ﬁ:‘i&% eld,f or

bright fiel i nspection o I'S menner e I nspection
syst em may Aswekbidbe diffsfent speatd oay sy tlepandiitpeorBhe cospeettimmisyst em may

have any suitabl e coni ura ion known in the art. The ins ection system nmay
al so be corﬁ"f“ipﬁif?%ﬁ?f*%?“ F\ﬁm@iﬁlﬁl A3 padth ¢ gﬁ"q‘“%‘iﬁ’t"ﬁé?’%?é“ PR Ph@béé’fu on

syst em may Qe 6nf 'ﬁ%ﬁﬂvﬁﬁaﬁnﬁ GRS %eﬁ%ﬁﬁ%@umﬁ% li%is 8&%\/&11@ M pdinspection

arid review system and such an I nspection syste have any sultabl e
conf i gur at iconckmoimo deletthen drtwifar.addi tion, the i nspectl on system may be

configured for spection of patterned waters and si bly_al so unpatterned
waters. The conﬂg‘féff‘*i*ﬁﬂb‘lf‘e%hgbfaa § HOH ST, dﬁh‘ﬂﬁ)&g “ﬁ‘an‘f‘Ifﬁ‘fﬁép ﬁé or

more charagf ?Euﬁ%{ bQ/%RQXf m& Fe &%g%&i%fv d&rﬁ%ia?@f‘%%%%&%?& 100G 0k P&
geonetri cal haracterlstlcs of patterned features formed on the wafer. In

one enbodi nemtier, tﬁtfeensmehm Weaain ong orudvor Bl chgrdcmeryiisti cishedﬁ trhgecrtlaw

out put include projecti in the raw out ectlon
can be onararry gt s tas grsahes bt Brinods stheomvst DeRbrmsraua
out put thaty,has SQB RAGLELD W Srhch@ ﬁEﬂQB@§Yﬁﬂ9é@EQH%~f 110k a @X a8 manner,

proj ections aI ong "hori zontal and vertical ''ines of the raw output can be
gat her ed. lime thptipmpyreny; mayanduge epkﬁb pw’ccmmaanhl Thetfeirspwiioutsputmcan be

|dent|f|edth define cor.r esp to on netrical

char act er 1 St YBA"Y Rl CRTRERTPERRUFee! Pt JBR TP RaRR ¥ RG DR e or

nore char agf QBhﬁ%thQ@ B he Iﬁﬁ%@b‘éiwﬁt FiBYoinReh, YRS REIAIBR B 408 may be

t wo- di mensi onal (2D) projection of the raw output. However, the one or nore

char actiéri spiggurof at hecanaingslirpat stiérascopp (s el origetiontand ronew oysiamr @id

geonetri Calsuch an wmspection system roay have any suitable configuration known in the art. In

addition, the inspection systemy may be configured for inspection of patterned wafers and

possibly also unpatterned waters.

The computer-implemented method also includes identifying one or more

2¢  characteristics of the raw output that correspond to one or more geometrical
characteristics of patterned features formed on the wafer. In one crabodiment, the
wdentified one or more characteristics of the raw output include projections along lines
within the raw output. A projection can be generally defined as a group, cluster, or
sumynation of ndividual ocutput that has some patiern within the raw output. For

25 example, projections along horizontal and vertical lines of the raw output can be
gathered. In this manner, X and y projections within the raw output can be identified that
define or correspond to one or more geometrical characteristics of the patterned features.
As such, identifying the one or more characteristics of the raw output may include
performing two-dimensional (2D} projection of the raw output, However, the one or

30 more characteristics of the raw output that correspond to the onc or more geometrical

characteristics of patterned features formed on the wafler ray include any other



characteristics of patterned features forned on the wafer may include any
ot hercharacleristic(s) of the raw output. ldentifying the one or nore
char act erwet2nm#9sf33t he raw out put as descri bed above naychaspeniessoed in
any suitable manner using any suitable nmethod and/or algorithm 1In one
enbodi nent, the one or nore geonetrical characteristics of the patterned
features include edges, shape texture a mat hemati cal calculation that
defi nes geogetry of the patterned features sone conbi nati.on hereof

For exanpl é"@RaFHEi% e Hapuic & HB@V%%‘H Ofﬂspr GEEHBIT I bRS e the AW
segment at i ony, WAl gl FRY ;%V@s{af,gj ng.gl oft ea%sdﬁ(f'g @MJ/M&@ thg a8 Quitdpnic! ude

edges, shape texture, any nmath cal cul atiron/trans mat i on t hat
defi nes then@b@hzﬁtdvqmg;mtmnne conbi nati on thereof. Although all patterned
features fornmed on a have sone roughn s and therefore so
"texture," textUf&nF s si’\ﬁg?‘gimé?‘e;rlﬁc THah n?%u@ﬁﬁ%%%‘&?ﬁ RREETI ﬁﬂ&eﬂp

general ky usggl. E%c&%‘l%ﬁoéb s@x?%g ALSAL L RS ROMARRLST MR O dteﬁﬁu bhRpgry of

pat t er ned features wh ure generally refers to the overall texture
(e.g., as Gbesihgmednmd 1mml).b of spat tenhedifredgbuwneshor@enrplkaniplrectafstas that

mat henmat i cal Iatlon/tra sfqrmati on.t ha an be us fin he
geonetry of % %” PERHBY R t‘iﬁé@gﬁ"?‘%‘ﬂlﬁodﬁ Cmi.'r‘m*l“l ‘i’"‘t%‘r‘? Hﬁ‘“gr‘bg‘rﬁ@f‘ﬁﬁ whi ch

can be used Q- -G8RG! 'nl?&m?e (,d%l:@tshQﬂs@gzipeitn\@@@ﬂu%f?ﬁﬁtwya @R a8 ormation
scattering. For exanple, a Ifourler filtering algorithmcan be used to

predi ct pr opaeleiiorghd pedoeny, ansout putbitdatm thedebt. cbhhwgbeﬁ@atimloch&‘aoﬂemr e
geometrlcal characterjistics of the aﬁt\tern f eat ures. e enbod

i dent i i nd THE Bre™ Bt HEY S2EhSI A IOERVEDT Y& BETAHE SPR @(‘)‘c%ﬁt tt?“ém'f)éf‘?for med

based on h%ﬁécﬂ%ﬁéi%uhﬁiff%ﬂn @ht Lhen R Lerhedif saliuk ?@fcx‘"ﬂelalnd@u&ﬁl the one
or nore characteristics of the raw output. For exanple, a characteristic

t hat can beemg%edwf oft C@egmmﬂ;mcr}ocﬁ palthingth f@&mbehﬁetokwnemmshdesm icokd

h in, th d I b d
e 5 MIEIEPLA LY eH e DL ERGf B SEOIR vt o e uee

in the designndAyRut mi&ﬁ'ﬁm&ﬁd@fo@m‘é{h@{ @6T @hIRtuseS ol ®1Be dmpgd%hﬁ%t,'o@ﬂﬁ) of
the raw output that will correspond to the one or nore identifieéd

geomet r rcalpdtmarfé&taem@b |fi6@ueamiliﬁdreﬁ ih@)rtﬂemewmahedn peugpd to emnm eal |y,
t heoreti cal l re ex ect d ch @acterlstlcs

N % mann n more e
of e r aw BHEEEET Ay R 440 B0 P RL BN E i TOF CHOF B gegHeLT TS
charact eri s{d#sh@kat beuRaAlt eraied pf@alishes: amabeuiput that will correspond to one
or more geometrical characteristics of the patterned features.
in one embodiment, identifying the one or more characteristics of the raw output
26 1is performed based on how a design layout of the patterned features will affect the one or
more characteristics of the raw output. For example, a characteristic that can be used for
scgmentation, which can be performed as described herein, 18 the design layout. In
particular, the design layout can be used to identity one or wore geometrical
characteristics of patierned features in the design layout. One or wore characteristics
25 {e.g., projections} of the raw output that will correspond to the one or more identified
geometrical characteristics can then be determined (e.g., empirically, theoretically, etc.}.
In this manner, one or more expected characteristics of the raw output that will
correspond to one or more geometrical characteristics of the patterned features can be
determined. Thosc one or more cxpected characteristics can then be compared to one or
30 more characteristics of the raw output in any suitable manner to identity the one or more

characteristics of the raw output that correspond to one or more geometrical



determ ned. Those one or nore expected characteristics can then be conpared
to one or nore characteristics of the raw output in any suitable nmanner to
identify wbeomwmm3ms nore characteristics of the raw out patr/ush@n/oessnz espond
to one or nore geonetrical characteristics of the patterned features. The
design layout used i this step may be acquired in any suitable manner and
may have any suitable format. In another enbodinent, identifying the one or
more characteristics of the raw output_is performed while acquiring the raw
output is BEFRGCPEITSE MENAPICE AFAUTRRNNRT ISSiedd YT YHg IS SERE B or e

char act eri skl 65qah ah PG AN ARUL ARy B PELIQNHRE (it he- 1y as the wafer
is being scarLune y the inspection sy%tem or exanple, identifying the one
or nore char act énestthascnafodirhentr dontdyiggube canciheopehfarrediasit iy mef er ence
raw out put for theéﬁ%@f% gﬁat wi. Ll be conpared .to the raw output to detect
def ect's on VHE WEFECTERYMPHARCIS B GG TEA PYr SRS ST PHESSHME Scan as
the rawsoutipiisyifhehd Ghek 8R6E KA GHLRHL: IBY ) BElUAR, ARY P%&Qﬁ deherngnces

descri bed herein. such, other steps described herein (e.qg.,

segnent at i @r}hat hatr aeingerfordbd tusinngpctibe somen.oFonorerpld entidifyiedthe one
characteristics of the.raw output maé al so be. %g%oﬂr.rreq;gq-wt)he-fl during
acqui si ti o’ §1OTE RETHA G BUC FBY OHIE" il rPerpHES Bﬂ%t%ﬂ’%ﬁ%’rﬂé‘ﬁ{% ot

met hod al squd RelHHRS«ABEL B0hRGed DALY LAUal OULRIM el fo b ok B QUM he
di fferent segnents based on lthe 1dentifi e%i one or nore characteristics of

t he raw outipatgused Fortthatafche Gneame stmprae tgesmetutpdall he dp@otemivsiitpg of t he

patterned features that. correspond to. each of the different segnents are

T for ot T DHIGe RAMRS T e S e S deshy b gcr HEr G GRETERHRGUY ed
for geonet ny5baseslSQMIe Mkl ORrfoMRELLSREGE bhe 8 h¥re {1RQI RARSIITRRSes of
descri bed herein utilize how the geonetrical characteristic(s) (e.g.,

shape) of wed ew paptiennsalv bd pafireet othie-flavuong putuisineh separat eutphigior
patterns thﬁlt affect the raw output differently into different segnents. In
ot her wor d¢ YA€ enbodi ments described herein utilize how the geometri cal

characteristic(Sphelc8nButer ﬁi@gﬂcnﬁﬁ nE’c—ﬁ‘M@JlEl?in@{lﬂadvéb:%s&’ﬁfrﬁgrin%'!dua%dﬁﬁ&tmt he

raw out put to separate individual output in the raw out’put into different
segmentis. For ravnatipride diffattt segrechtf bavdpa sha Hattirdvee oneroor cliroraerditit§ ef ent
geonetric charateris}i differe ef ht scattered

Prom t he. adf G A 1aD Erds bty ey VAU B FHRaE e reore 6ROt He TP ROt put
gener at ed fodnul:Renaned®spond to each of the different segments are different. In this manner,
the embodiments described herein are configured for geometry-based segmentation.
More specifically, the embodiments described herein utilize how the geometrical
2¢  characteristic(s) {(e.g., shape) of wafer patterns will affect the raw output and separate the
patterns that affect the raw output differently into different segments. In other words, the
embodiments described herein utilize how the geometrical characteristic(s) (e.g., shape)
of patterns on the wafer will affect the raw output o separate individual output in the raw
output into different segruents. For instance, patterned features that have one or more
25 different geometrical characteristics may have different effects on light scattered from the
wafer and thereby may have different effects on the raw output generated for the wafer.
Those patterned features can be effectively separated into different segments by the
embodiments described herein,  Assigning the individual output in the raw output to
different segments as described herein can be performed in any suitable manner using

30 any suitable mcethod and/or algorithm.



Those patterned features can be effectively separated into different
segnents by the enbodi nents descri bed herein. Assigning the individual

out put i rwohelwmsrssut put to di fferent segnents as descr iPpbedsb@nmeisoran be
performed in any suitable manner using any suitable nmethod and/ or

al gorithm' Segnents'"can be generally defined as different portions of an
entire range of possible values for the individual output. The segnents may

be defined based on val ues for dl{ferent characterlstlc? of the individual
out put dependi ngSBHPEHE FEFEE A LN 2GS PRIAR O a8 S8l ERF Eegnent s.

For i nst an?}%%ﬂ!ﬂ@ VRS ﬁylﬁgé 1Bll§1(ﬂla?he&:ﬂgd‘[‘} rq@%ﬁ%&tgh{é&} peMD ﬁéd @L’l‘ag@%ta%s the

val ue for the characteristic o out put 1S used
dei | ne thefse@nenmscmmyﬁmnmtydahaﬁdhaﬁuﬂmﬁgmwdﬁymﬂmgumthdﬂﬂbﬂekSMQGn

illustrati ve and non-1i ting exanple, if the entir “ange of i an
intensity \?‘Eiﬁu]éi%m t%ﬁfireﬁa%sw esks Poaﬂ%%ﬂg‘f 18 SRR eﬁ@a‘él%a&an
i ntensi ky \(m@fs ) Iig&%& L ‘,1199 1@991 %h%%@@ﬂqﬁs&qumq&m oﬂ@luygﬁt nedien

intensity values from10 1 . I'n thi's manner, segnment
correspondﬁxnmyGamkgnuaseag1m®u&hemhammmmﬁpm@¢uanﬁlmhﬁmsbdbmdagagnﬁnt

corresponds tq. br.ighter ar s in the raw In sonme instapnces,_the
segnent s cé‘ﬁ“g‘éﬂiﬂég FHEY hs‘?ﬁ}é BHE iBger Me ?W FoTsiar erss RaUthy ! ??ﬁ Far

geonet ry a%rm@gm@fn%m%@m mamm&@@ink Reﬂi& YIRS (ﬁﬁ[}uit%es; Hé;ﬁﬂb; shidppne
enbodi nent, identifying the one or noré characteristics of the r5m10utput

and aSS|gnnmgwnded¢nddwndMaﬂmwumbushwalﬁﬁeﬁdﬁﬁfémémﬁn@e@mﬁhtéﬁ%squﬁﬁorned
automatical ly w thout enbodi nment s dgscrlbed

e o e b s e G P b g RuPAD OBy ey o L B@ el CoMrrsihas

patterns onhe: Wehkem BPePhAbeC ik ABmb O RH-oIRtd s%?!a ks SEPBE &ﬁi&i%mg
i ndi vidual output in the raw output into different segnents. In th

manner, uank@mﬁBtMQﬁ§imhérshnc%ydEHMngmmﬁyu§QMﬁmngmuﬁnﬂégpuﬁsﬁmﬂi|nterest
(RA) and apglyln t.he sgne set of parameters for defect detection in the
same RO, é%lﬁﬂngﬂl%uW% shrink and as the different areas on the wafer to

be segment ed getin%H@hh%dm%ﬁgE@ﬂhﬁ%&ﬁd@nk br Bt Qﬁ%&@nﬁ@{@ftﬁ@m bgdhed
usi ng the enbodi nents describ heérein In addition, unlike manual methods,

aut omaticalahg aisgnegd fyiingv xtdhei Qmenm throk Gere e gotes ispdr frmof agtheakiesdivout put
and assignin hout user

g \,t e"‘fi'ndli 13 e p ng gg err1entE 25 rraent 1R El’

put T nobean Gt by o epRRLT B St e SRR ERTTRREA
geometrical characteristic(s} (¢.g., shape} of patterns on the wafer and projection to
automatically separate the individual output in the raw output into different segments. In
this manner, unlike methods that include manually setting up regions of interest (RO1)

26 and applying the same set of parameters for defect detection in the same ROL, as design
rules shrink and as the different arcas on the wafer to be segmented get smaller,
scgmentation will not become more complicated using the embodiments deseribed
herein. In addition, unlike manual methods, automatically dentifying the one or more
characteristics of the raw output and assigning the individual output to the different

25 segments without user input is not affected by inspection system stage accuracy and
resolution limitations. Therefore, using the embodiments described herein for
scgmentation, the inspection system stage accuracy and resolution limitations will not
make segmentation impossible.

In another embodiment, assigning the individual output to the differcut segments

30 1s performed without regard to design data associated with the patterned features. For

example, although the design layout may be used as described above to determine one or



resolution limtations. Therefore, using the enbodi nents described herein
for segnentation, the inspection system stage accuracy and resol ution
limtati owe 2ei0/d93738t nake segmentati on inpossible. | n amotrhmseoemkssd: ment ,
assigning the individual output to the different segnents is perforned

W thout regard to design data associated with the patterned features. For
exanpl e, although the design |ayout may be used as descri bed above to
determ ne one orm)re xpect ed ch racteristics QI the raw out put that wll
cor r espond "#Y° 6 Garaslcgabet thcah eﬁ%rrté%fftém LSPITRYOBE 1t P PPEEr ned
features, seomemlaldiahcliolo AL hRlARA BASR] @DnkhASGPS! B pdalmdiaghd - 1N
ot her vvords” segnmentation Is base e or nore ggorre trical
char act er i stithsdofgrt dwes patf dnpdr fveatsu s@nmdtﬂonaé baed ot hewrthowoudpudse but
is not based on the one or nore geonetrical chaﬁact er stics of

he
patterned PEAPEIEE TREVRESTEL! ttlnvtt%drﬁarrﬁw wi ﬁﬁiv‘kté o TeP U Rt t[%‘&fd%“%‘nd
syst ens st hat  SERHBObnk AWM RUkRAS L0008 - d85108 dal & B3SRGIALEG WAL N

patterned features, performng segnentation based on how the one or nore
geonetri cal Iﬂdhﬂﬂﬁﬂmer mstikcsthaf mtthedpatdt esined tie atgmes raw blitpaf fascd ot He raw
output may result in patterned features associated with dif desi gn

nt
data, diff&FERE déﬂ”‘e‘é‘t"r‘fia&éﬁl WA ARG O TP R ERE U TP RIgEsT ﬁa&&&@@iﬁ sti cs,

di fferent grd Licalhdd %emttemtttq hREBLILLABRNG S, OfatkNR ddeuLce WReLAG. R aRd using
the patterned features, etc. being assi gned o the sanme segnent 1 f those

patt er ned fueatutr nes rosiudtlin aftteotd fchersasawriglvith rlit‘t‘erneltsiarrgn rt&nnéf&reﬁor

exarrple for se tation based on how

ohar notbr P ietnd) Rl riars bar: Charae e ore (BTG CIIGRSILYS of the
raw out put Jopsteade of iihRvReOIBL MH¥mhddiSRldy BYa@sil foatufesPal LRk skgat ures
t hat produce significant noise in the raw out put being assigned to the sane

segnent redatitlsess sofmthel desi rgattcdaﬂama@seeriiétﬂﬁcbtmm awthoge ipdtctsemn
features and ot hefrégpatterned features that tﬂgo i ble noise in the
F>

raw out put "BEFHY HESIGRES POIUTGS FEPERETER % tOn FHfdss of the

desi gn dat @hﬁ@@r@ﬁt&gedmwat@ctmeﬁ»t&tﬂe@ Rat tﬁtﬂﬁ@hf@@@k%@% &mttmt%armnner
hi gh noi se patter ned features can be segrrent ed tO eth er, | ow noi se

patternéd fleagamesy c&nif brews"e@memtped@rtre@ &wphees thptpr ar}uucazd@tﬁm s‘n@matwreﬁnbtdut rrent ,
assigning the rl nt It?{ 1 tig & CLBAIY Lhe dlrf f eraret L %S ?h@ t{'t ts Idﬁ aesigt?att
wi t hout regda¥d"t's ﬁtf‘eﬁ%ﬁ ‘&7 f Ut é lrﬁbﬁ‘"{}‘r e R Vi Bt HEY
with those pattern features and other patterned features that produce negligible notse in
the raw output being assigned to a different segment again regardless of the design data
associated with those other patterned features. In this manner, high noise patterned
2¢  features can be segmented together, and low noise patterned features can be segmented
together.

In an additional embodiment, assigning the individual output to the difforent
segments is performed without regard to intensity of the individual output. In other
words, aithough the segmeutation s performed based on the one or more dentified

25 characteristics of the raw output, which may be identified based on intensity of multiple
individual output in the raw output, the segmentation is not performed based on intensity
of the individual output itself. For example, projections along lines within the raw output
may include individual output that have a variety and possibly dramatically different
intensities, Nevertheless, all of that individual output may correspound to the same one or

30 more geometrical characteristics of patierned features such as page breaks, As such, all

of the individual output that corresponds to the same one or more geometrical
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wor ds, al though the segnentation is perfornmed based on the one or nore
identified characteristics of the raw output, which nmay be identified based
on i nt enswoywomiosssBti pl e i ndi vi dual output in the raw orCpaiS201i0e3802
segnentation is not perfornmed based on intensity of the individual output
itself. For exanple, projections along lines within the raw output may

i ncl ude individual output that have a variety and possibly dramatically

different intensities. Nevertheless, all of tha di vi dual out put
cor r espond arRES ARk Vs gy ?ﬁéﬂf@%meﬂgéﬁgveimﬁ%a%r 1S8PIrEs G %%?er ned

features sugh, f@}%h ﬂﬁgﬁa@ﬂ%ﬁgﬁa 1%%9@5‘;’%@, 1!:&18/f duftciﬁ‘:n{ peividual, Qut, )?thrfnh; hat

corresponds to the sane on re geonetrical characteristics
patterned ﬁmhkﬁﬁeémdaﬁn@eﬁas&mgm@yn@nmrhﬁxsahmaﬁ@qﬂnmﬁﬂeﬂ@mﬁtﬁnﬂgﬂxﬂiI of

t hat i ndividual out put caIIy di f.f er ent i.es nthis
manner, unl?%%gﬁﬁﬁﬁgagpgg%l r%& ﬁfng % %?i h@égEﬂHL t'ﬁéﬁﬁﬁfgh§lty
of i ndividyal, u%%&h%glrm&hﬁ@%% géﬁé& i%ﬁfu@&( med by the enbodi ments

descri bed herein w Il not“be af cted y non-uniform scattering fromthe
patterned featuﬁesmntnm@omnmambmﬂumﬂnﬁhpna&@ﬂ@nkmgmthﬁhbddﬂv@ﬂuahn@uiput to
t he differen gnents includes anal Z|n%}the |dent|;%ed one or npre

char act eri 2§§ % bo‘fl‘ﬂtﬁé“r”&v&dbf&ﬁ‘b&‘méh’ BB FRAHECTNF 28 hSF 68Y CBPEhEY ndi vi dual

out put. For, %@{g%gmaég degcribed. ARaNe:. pmjx% 1.9&8@@[@&5&1 ALt zontal and
verti cal Ilnes iI'n the raw out put can be gathere The projections can then

be analyze@nnandmbhk@gh@hd@n@amdbeﬁsathmﬁEséwaawﬁﬂqnhemlhdynh@a@libﬂtput in
t he raw out into djfferent areas erest (segnents Z|ng t he
dent 17ed PEHE ot Lo RarYars S QeesPidt hEt Py BB AHa Appl

threshol ds g,k Beb RAl ligualn PuREL: BRY: 5EdUcE: Es@gmg&@eﬁ;n B b DLV dual

out put corresponding to boundary regions from being |nappropr|ately

assi gned todmm@méegmemmsmnﬂmmmhmﬁﬁﬂhﬁdhmﬁmnmemwmdmgpbnnmmﬁmh@éowﬁh¢|ca
characteristics that corres to one erent segnent s, i ngl ude
ohe. or  mor d e RS PR EREE s RuthE s it il b RS RRATT Al e  ror o
geonet r i Calu@Bﬁsr@&h%lﬁ:in%tzh@iéﬂ?ﬁttd?%&Eﬁr’%@@@%mtbgmﬁ&% her of the different
segnents inciude one or nore geonetrical charadteristics of array areas.
Page briéaks areig@n@¢mb®¢ﬂﬁe¢MWBHMKmnuheganndasﬂnégudﬁsﬂahi@ﬂ@uﬁuﬁﬁpérat|ng

subst anti al | nyous i ons. OL physi ont i nuous
Tegi ons. of BRYETO4r HEREHy oS Rt beRn S e B R b e RSO e
Per f or m ng yseaEEANAR 8 @Snore geometrical characteristics that correspond to another of ihe
different segments inchude one or more geometrical characteristics of array areas. Page
breaks are generally defined in the art as regions of a die separating substantially
26  continuous regions of physical memory. Each of the continuous regions of physical
memory may be commonly referred to as a page frame. Performing segmentation as
desecribed herein, one or more characteristics of the raw output (c.g., the x and/ory
projections) that define the geometry for page breaks o array regions can be identified
and used to assign wndividual output corresponding to the page breaks to one segment and
25 toassign individual output corresponding to array regions to a different segment.
in another embodiment, the one or more characteristics of the raw output that
correspond to the one or more geometrical characteristics of some of the patterned
features cannot be suppressed by Fourier filtering. For example, unlike some methods
for segmentation, cven if the distance between page breaks is larger than Fourier filtering
30 can perform, the page break can be suppressed in the array region. In one such example,

for some mspection systems, if the width of a page break is about 3 pm and the spacing
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descri bed herein, one or nore characteristics of the raw output (e.g., the
x and/or y projections) thai define the geonetry for page breaks in array
regi ons owo 2bm/a98mati fi ed and used to assign individual PowmtysaE10/023802
corresponding to the page breaks to one segnent and to assign individual
out put corresponding to array regions to a different segnent. In another
enbodi nent, the one or nore characteristics of the raw output that

correspond to t he one or e geonetrical characteristics. of some of the
patterned PERTRSSSTRITALY Bé%%ﬁﬁttefs@éﬁr By pIcamcs tmt%ﬂ%gﬁ %ebr exanpl e,

unlike so ngm I‘sh‘Qéj"?t }JIQ Enaﬁﬁﬂ 'Igtnt%[?ﬁtvt} )1 1Sy 8% ohfes bl tagitéitl aﬂﬁ) HQQ&%?Q page
breaks is | arger Four 1 er tering can per pagé break can be
suppressed hhm@bre t&e ﬁq;ynairtegﬁomroﬁmmd netsuen oett@mbt« dtv ;fatgrf bsaRenianspelet | on

systens, if the vvldt of a page, br bout 5 nrn and the spaci ngbetween
page breakSUPRCEBDEE %a%tfmg i u@ﬁt—‘.&twt‘ﬁ 5&&5@%&@8%%%\ ts«ntgﬁfa@tl. bearh 1??043

I mpossi kbl e il ARNLALS &lowtR &Lpr»b Bgth@érﬁt%t&%&%ﬁssd TR RGEInCal ihdiv gkt

i npossi bl e. Therefore, the signal ol se) produced In the raw output by the
page br eak&utmsythaotmmpsmbno dssege armtksekm mthémetfwdr(exgu Gesddhe: efeelndns
detection sensi t|V|ty that can be .achi eved using the raw Oui};{z*lﬁj’tb]'ﬁ wever,

using the & e ot bl HEY PR, O i aPUTHORTS 18Uk p s can

corr espond%et@«t%&% tﬁ%agstyn%t% tgéea@@um@t@tﬁﬁ bl tﬁt tg»mgﬁa% ey
projections wthin the raw output) and the individual output that

correspo nds%egtoeitth eigpabe abrleakibed amhl@ehassu giiednt snoheitise girelrdt usshiitd éctetther

i ndi vi dual F P f2n be aSS|?ned to other segnents such that as descri bed
furt her'®hed&lS i HEFEHE“E8HYE ti vities can be used to detect defects in

different segnentyg.cokheicsoMpuhehel TR eIEALEE NBhRoG: %M&k&eﬁsd&ﬂﬁio{’{g@%r
separately assigning one or nore defect detection pafameterstoth

di fferent segmenfst d@rscopammrerdef setifteteotiomtpaanet ers d&wt t:}ﬁcctwn

separately assigned to all of the different segnments. Therefor sone

TheCT nd vi AQETISGE bt Sy O BoTgher Bhc e AT oneu s Bt S8EeL T on.
| nst ead, d%ﬁ‘%@étﬁd&@dﬁap@mﬁt%txﬁ%ﬁﬁg bk!%%r[tﬁkci ‘t‘}ﬁtﬂ P%fﬁhﬂ%chﬁi@'ﬁ&%&tt@%ﬁ&ﬁﬂ to
all of the different segments. her word defects can be detected

usi ng abl stegq%ntas b@fddtvh@d RIS (&ut tpdtwdltahcmthu@bﬁgmtbiﬁ alldilffedietens egnent S
can be treated r 3% g gl ff?r elpt RggFeCtl jon. reci gﬁ% rTheldl er ent
i nspect i on @t e ek Bebiren Fh ke Bar Bee! aseigts BT arg8r Pt t nat
are assigneg tﬁt@tﬁ‘;&hﬁergﬁlﬁfe%e t@gn%g;r@a%% trefcH @ Mabhkel iy diffeediidd.esant
recipes. The different inspection recipes may be different in the defect detection
algorithms that are assigned to the different segments. Alternatively, the different
26 inspection recipes may be different in one or more parameters of the same defect
detection algorithm that are assigned to the differcut segments. The defect detection
algorithims that are assigned to the ditferent segments or one or more parameters of which
are assigned to the different segments may inclade any suitable defect detection
algorithms. For example, the defect detection algorithm may be a segmented auto-
25 thresholding (SAT) algorithm or a MDAT algorithm. Such defect detection algorithms
may be particularly suitable for BF inspection. However, the defect detection algorithm
may be a defect detection algorithm that is suttable for DF inspection. For example, the
defect detection algorithm may be a FAST algorithm or an HLAT algorithm.
The different inspection recipes may also be different in one or more optical
30 parameters of the imspection systern that are used to acquire the raw output for the wafer.

For example, in a multi-pass wnspection, different passes may be performed with
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i nspection recipes may be different in one or nore paraneters of the sane
defect detection algorithmthat arc assigned to the different segnents. The
def ect dewecbvicm3BBgorithns that are assigned to the di PCenmspaiopespoent s or
one or nore paraneters of which are assigned to the different segnents may
i nclude any suitable defect detection algorithnms. For exanple, the defect
detection algorithm my be a segnented autothreshol di ng (SAT) al gorithm or

a MDAT algorl,thm h defect detection algorith parti uIaIy
sui tabl e f&#fagE Vaﬁ?ﬁé%fﬁiéeﬁ% iw*ewrpaﬁt%ﬂdefze %@éﬁ%@} N&hﬂéﬁﬁgﬁ%g'ﬁﬁ may

be a def ectdef eiﬁ&ﬂ %g;éi%lag(%i'iéaﬁ tg‘?@? mg’;{%ﬁ@rﬁytt ﬂa@«sﬁﬁﬁﬁi g_“%ﬁ‘erailzgr

exarrpl e, the fect tection al gor ST a gorithm™or an HLAT
al gorithm nT tire difter pntesimypeciseom aiﬁeedtgie&mmy ddtesont begichsf dfenewticr m one or

nore opti c araneters of i nspection _systemthat e used to acquire
the raw out ?%WWQ‘?&“%FQ““ %Pngsz}a%]rvedi?ffﬂﬁﬂ%éwmcﬁﬁmﬂg RgaGIREHEE fi%n,

di fferent E@éﬁ%s Iﬂ%’m Hﬁnﬁ@rrif %[d?i@@t Wt f ﬁﬁt&ﬁ&hd%&l&é@ﬁd&%@ e hLz rﬁéton{:"ne

optica! paraneter (e.g., ri zation, wavel engt angl e of nati on,
angl e of coekhect ﬁﬁn;mmtzcommtaltcherALmsstmtnumhu sppteed usa:rmdmm&wtpaultmubra&d
generated i.n tgg differ EPMESS’Q‘S‘"Mg be used to detect defects in

di fferent regilthgarssthe F PR PR CEP e PR B UY dEOHAV G one or
mor e dlffer?gg 1gepERkL i cal characteristics are formed. In this manner,
regions of the wafer that include patterned features having one or nore
di fferent geonetinbgatmbhdinact € sricsigandcibe despecpedmesingcidwaout put

generated in different ses t|- ss i.nspecti on rformed using
oo or Hror dai it e R Shgey ] Sr RRDE St IR  EHBG REARS rHE Bhe Bt or o
defect detegt k&%n&aﬁﬁfé?ézﬂ%%d}ﬁ@dsléﬂﬁ b8 ab E%%B@E cddx?f@mQ@c @&%Lé@@etu@dl@idual

di fference between the individual output and a reference. In this manner,
di fferent tonteshol ds relarcnbedgppiiingdnttioc tdgeredi fofvelriente ibdt weehouie has

i ndi vidual .output and_the reference dependin the segnent. to which the
i i dual BHH DUET T BUGAT LS GEa FBr bt DT erBHE S0k deh a5 an
8-bit ref ergReRidIBARIhIRYVREsB MRbLAG YRl &H?;&t'?‘ﬁzdh%'aM'SQH@{'mQHﬁE&')t in the
raw out put (such as an 8-bit test image) regardl ess of the segnent to which

the indbvi degrdlowtgue mgl»beem}as‘rsihgne@wﬁih@m}eﬁémeh@m avegnddncltede any
sui tabl e refference such as indivi dug out puf corre

to a di.e on the
et er t hat TeRar ray Srv i PSSR R A e RGP OO Rfirbli 8% om
whi ch die on the wafer that is different than the die in which the individnal output, from which
the reference s being subtracted, has been generated, a cell on the wafer that is different
than the cell in which the individual output, from which the reference is being subtracted,
26 has been generated, etc. Any individual output having a difference above the assigned
threshold may be identitied as a defect. In this manner, defects can be detected with
ditferent thresholds depending on the segment to which the individual output has been
assigned.
In another embodiment, separately assigning the one or more defect detection
25 parameters to the different segments is performed such that defects are detected using the
individual output assigned to the different segments with different sensitivities.
Therefore, the embodiments described herein can achicve better detection of defects by
utitizing the knowledge that defects of interest (DOF) and nuisance/noise reside in
different segments geometrically. For example, different geometrics can exhibit different
30 types of defects. In one such example, 1n an array pattern region, the raw output may

mclude alternating line-like patterns of relatively bright individual output and relatively
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the reference is being subtracted, has been generated, a cell on the wafer
that is different than the cell in which the individual output, from which
t he ref erwoceln®3tsei ng subtracted, has been generated, etCT/ustong/or3sd: vi dual
out put having a difference above the assigned threshold nay be identiiled
as a defect. In this manner, defects can be detected with different

t hreshol ds dependi ng on the segnent to which the individual output has been

assigned. In _anqgth enbodi nent parately assigning t one, or re
def ect det &&tH §f “'b‘gﬂ“é%f’%tr 40 SeE ARTGRT R %@@ﬁéﬁé%aﬁg %ér"ftb’ﬁ'}ﬁrﬁﬂ Such

that defects,ap ug%ta?ﬁ’:tcﬁ.\g, ;ag RG6URE it whduala el%grﬁm ah%% atR-Lhe

di fferent segne s wth rent senSitivities ore e enbodlnents
descri bed hedemnﬁca@oa&mseVéwbe@Kanﬁ&Mﬁﬁmhmmtbfmﬁeﬁebhﬁﬂby@uﬁ&kﬂzumgtthe

know edge that. defects of interest ( and. nui s e reside in
di fferent sEGREAREERSHE FPTRTEYOD EaRE ‘é@@é%?lémc&? ?}F‘égef?i“t“ REFYTES Sean

exhi bi t sdi ff e gy 3&%&5’?@1&& &&E%ﬁdﬁ in b RS r§%8@ ARl gyl @Ng ARy Pattern

regi on, the raw olt put may include alternating Une-like patterns of
rel ativel y abgoirgint: cmtle wit dpah ftouthutor anidsrraeﬂmmmiahyhtamkm archh snddiged  out put .

I n some such.insta nces e |l.ocated _portions_of the raw out put
that incl ud&SHe f aw& K aﬁwf% b ABRPUBTE PSR SO sance def ect s
may be '00%%@09% ﬁn&%n %mtala@gr“%w (%&pdv&m;ghﬁﬁua Ludethedeglalinel y
dar k indi vi dual "out put this mannér, wth Segnment aéfl on usli ng

characteri staicr"i)ltotthat:wde&felgnen@hd hg%ev@gmtmiyméremgke% it pressiblioofor yhepe ajcectoiten f or

page break in the.ar the sensitivit detectlon | gorithm
P he ot speti Farim e Bapt LEy SEat 1vey DR SRy arBs and | ess

nui sance fr,emd Iﬁ?hﬁﬁﬁ@icg‘ﬁ?a!& th-l;hﬁ{&l‘;@r%@m hememRodi.geRtS Heasr hihsd herei n
advant ageously al'l ow an automatic way of separating different geonetric

patt er ns ofrclahecinabiey vitnt etidi ffendnts segnent she Thi sipadgrbntadtiivoly gakes it
i eren and better itivity

bl f th
o be Scha e B P e B s ohnat TR v il BS Fenle PPNt PP o 1

this manner,;;$0&-geoRhE tﬁ%id@ﬁy%%‘%’%nﬁ@&dﬁ@é@‘y QUL LML man 11@@1@ rr%lv %‘;z!p\{x%%
noi sy while other georretrles may “cause the raw outpu be relatively

qui et . Bowevergupgsdittrgtionlye.i drehgiobyly gffivdebdundindse ubl umtrtmum thor
AR M RO RN R W
due to poordhy ofgfokdedhaund @ﬁir@&émqti&s gfﬁ%dﬁiﬁbmd R 1ERGwoise in the raw output,
higher sensitivity can be achieved. In addition, for narrow band inspection systems,
defects can often be buried in noise since patterns also scatter a significant amount of
26 light. However, the embodiments described herein make it possible to detect those
detects that are detuned by noise from nearby patterns,

The computer-implemented method further includes applying the assigned one or
more defect detection parameters to the individual output assigned to the different
segments to thereby detect defects on the wafer, As descrbed above, different segments

25 can be treated differently with different inspection recipes. In this manmner, applying the
assigned one or more defect detection parameters to the individual output may include
inspecting segments with different recipes to thereby detect defects on the wafer. For
example, the segment to which the individual output has been assigned can be used to
determine the threshold that 18 to be applied to the differcnce between the individual

30 output and the reference. After determining the segment to which the individual output

has been assigned and assigning the oue or more defect detection parameters to the
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enbodi nents described herein, for defects that are |ocated in areas of the
waf er that have one or nore geonetrical characteristics that correspond to
| ess noi swoi2nidee73saw out put, hi gher sensitivity can bepathiSemes23shn

addi tion, for narrow band inspection systens, defects can often be buried
in noise since patterns also scatter a significant amount of |ight.
However, the enbodi nents described herein nake it possible to detect those

defects that_ are detuned by noi se from nearby patterns
conput er - i ﬁﬁl HRERCEUC Rt ho B SIeE RBT OF Wemgfé%ctéﬁiﬁ?twiﬁﬁif%mﬁe%waﬁéwibﬁ‘e or

more def ecto dRUGRLINN ARPATREEES bd eindiahduplaoiipihodssigaed to the

di fferent segments to thereby etect efect s on escri bed
above, di ffperfemtedsegnments can be treated differently with different

i nspection recipes. In this manner ppl yi ng the assigned one or. nore
def ect det ect i o f&F SHEPEFETD 60%%“5%8%‘? FUR BRCHArTY I3%?’\fi“f*(é’lafrcﬁ‘%c*u‘FPé%“;}ect| ng

segnent s W t,hy 19\!8;& B5EPEHE %k;ﬁeeﬁldt et &%@ﬁ@%nﬂﬁ&ﬂgﬁtu@ ﬁ{c%t(ﬁa A5 Jhervel gy For

exanpl e, the segnent to t he 1 ndi vi dual® out put has been "assi gne can
be used tordewemmtmﬂwmhéniMKﬂ&m@hdwﬁhhtmuspp@mb&pagpm1éﬂﬁﬁ@nmhmxdlfference

bet ween t he i ndi vi dual b g and th refer%§ After det g the
segnent t o SGRTEHAHES] dﬁéﬁK 8 FETCTL TR OE PR é@h“&%é’f‘@ﬁé‘ﬁ@ r’ié’im 4¥ghi ng t he

one or nore,defect I@%&@ h@é} 9@*@%&%}%%&% Ehed 1@&&@&%}1&%&% S pdhe
assi gned one or nore etectlon paranmeters can be applied to the

i ndi vi dual e@@mpisrt mahsngaed;pb@imhmwei¢eelhen¢ﬂi%mmntwimemﬁnlCdle@@ﬁﬂ&tl\viqg be
performed | n one enbodi acquiri t he raw.out put verformed in one

P oes of Ta i D1 PASE SEAETECEIOR 0 D HOCUEEPIo HHGE TR e EERBOTAI ol errent 6g
met hod is REImPRLEA! MRGafHRn Ik AMMORLPMs AT M 8L s aNRb AL RPASH0f the

mul ti - pass |nspect|on I'n thi’'s manner, segnentatlon as descri bed herein may

be perfor n@@iﬁ)m@éowiﬂy ooher Ipassdiﬁh cat cﬁmd:ctt idejoaiss: pm&p@cw agr/or Rawnmvmt
acquired i t er ses can for other exanp

mui't1 - pass 4 PPECREn Ty Ogs ot RE ok et ot sl 0Rs See RS E YR s
havi ng t he ,apgiHm ﬁirgi'i@éuﬁt%d%%g el @m&%gh @mﬁ}n@ ro@%ﬁuﬂﬁ@dﬂ&ia&gmt&ﬁ
geonetry-based segnmentation In particular, different passes of the )

mul ti - pass resssgebe inohi-ney ﬂb@ﬁ’f{:iemfm@nﬁwxwﬁhhmmoo whilsragoidtif tﬁfért@hmwdkecﬁfect
detection paraneters and/ or erent optic r%esuch

that the r %ﬁlfkﬁﬂpn S Ilhitdhtg da%t?;ércgeasa 8? tlétr 18H N 'I)Rbé? 100 | M‘/ pmwg

highest sensitivity to DOL
In another embodiment, additional defects are detected using the raw output
acguired in the other pass, and the method includes combining the defects and the
26 additional defects to generate mspection results for the wafer. For example, as described
above, one pass of a mulii-pass inspection may be used for segmentation while another
pass of the multi-pass inspection may be used to detect DOT with optimum signal.

Therefore, different passes of the 1'r1u}ti—'pass inspectioﬁ may detect different types of

25 can be combined to generate the overall inspection results for the wafer. The results of
the defects detected using the raw output acquired in different passes may be combined
after defect detection using the raw output generated in all of the different passes has
been performed. Alternatively, the defect detection results generated using the raw
output acquired 1 different passes may be combined on-the-fly or while some of the raw

39 ouiput is still being acquired.
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arc different for different passes. In one such exanple one optical node
used in one pass of the multi-pass inspection nay all ow segnentation while
anot her opoi20sl098Bde of the inspection system used in amorhmseopasmopf the
mul ti-pass inspection nmay provide the highest sensitivity to DO. In

anot her enbodi nent, additional defects are detected using the raw out put
acquired in the other pass, and the nmet hod i ncl udes conbining the defects

and the addltlonal fect enerate ins ectl n results for the wafer.
For exanple, as'B&8é %%’éﬁ 35 PEIEHE Halstigr Uit @P@ PHELTEREFEEE i on may be

used for segnpnlaiign-whil $, @ : n 400 may
be used to det[e}%:tiD%Fl6 15%%?1#&m@ﬁ%ﬁa1 = %2?3 ,&%ﬁgﬁgéeﬁgﬁgégsgs of
t he nultl-pmssamaﬁmendc@nbmngtﬁeﬁ@cﬂsdndﬂmmﬁﬁﬁmh@pﬁﬁxaﬁo@ﬁﬁ@ﬁ&&nﬁxmmﬁﬂs

manner, the results of .the different passes of the nult]-pass ins
can be conﬁ?wifa f?faﬁag@ﬁ%raw PREDG ErEFTetrnEYel 1 3ht Pééﬂﬁcf%w? avd&@hgﬂ

The resuyl t%u@ﬁdc‘i&ﬁﬁ&lﬁﬁ&%ﬁu@aﬁ&?&&t&& 1H$¥1€‘19.,wt &ﬁp&@%gﬂ‘é‘% AH&-ACAM 8oy N

di fferent passes may be conbi ned after defect detection using thé raw
out put genecgﬁé@&uﬁahikwaknﬁhaﬂdcﬁﬂene®wumabsmmnMasb@memwgemfdﬂﬂ%d

Al ternatively, the def det ect.i on results erated .usj out put
acqui red |ﬁ“{8i‘¥‘ffe?‘é‘hf““g%t{§sﬂé’§ SHEP B & ST s T forhg *«*r«!ii@v%?* .fbﬁ@&w of
the raw outguliSrelddch g@t‘?b@gba%%wiét%ﬁng dail@@:%‘ %%R | 18 UQQ&H‘?‘%Q& orthe

met hod i ncl udes applylng one or nore predeterm’n T ect detection

par amet er s m@e thigcy dotectot patantoterdet e tndaddintliontyat afd‘biﬁ‘emmyaog other wafeer and

conblnlng t he, def ects, and .t he additional defects to ener nspection
ooul £ 907 o i e RO T & G R et A Ao BIE: | ref or ence

i mage) ”HyqQEﬁﬁﬂ@ﬁ%@&Q%Qmi%%ﬂh%hﬁﬁ&ﬂgkvbQBﬁhu@Hﬁ@M&cﬁﬁm%@ﬁlﬁ@%ﬁ@%&ﬂﬁﬁ.(SUCh
as an 8-bit test image) regardl ess of the segnent to which the individual

out put hasnMBGhuaB@mgﬁedteﬁhems@ﬁwmbﬁ@enmaymimnhudeuhmyNSQWﬂabkezmeference
ane .ref eren be used

such as tho e descrlbed In.a |t| t he .ca

or det ect LR Her iy ey DR i ey O gl ieR 88 R 0t AERees et ect s on
paramet ers Qe ﬁ;ﬂ%y!gﬁgin%ﬁ ARl GutRYke ﬁﬁ‘@h@bﬁ @Espbsy hﬂgmg@@i@r&b@ﬁ@ difference
predet erm ned defect detection paraneters to the raw output. The result of

t he subtractgm@anaﬁfbe&anuab@oﬁuﬂeﬁﬁnﬁ&en@nb@ﬁﬁﬁmﬁeH@ﬁ@%wumeﬁiﬁdﬁ@ect
g_:,];f ?Lg.ﬂ \(ile d{ttl ftﬁ, l}lif gm '(ﬂﬁ%vi’;[f E\gﬂéﬁm &P gumbma ¢ Vvll gg‘i‘c?gsd%b%@ﬁ bg/ a];){wgqng, %e and
assigned one or more defect detection parameters to the individual output to generate the
final inspection results for the wafer. For example, a defective mask may be separately
generated for all defects detected in any manner. Region “grow” may be performed from
26 both difference images, and a final mask for all defects may be generated.

Detecting defects in different manners as described above may provide defect
redetection, which may be advantageous for a number of reasons. For example,
automatic 2D projection and geometry-based segmentation provide robust defect
redetection and ease of use for defect redetection. In addition, the segruentation

25 described herein provides a dynamic way of mapping defect and reference images. For
example, if the segment is noisy, the difference can be detuned. In contrast, if the
scgment is cleaner, the difference can be enlarged. In addition, double detection as
described above lowers the possibility of false alarms from either detection method.

The method may also include storing resulis of any of the step(s) of the method

30 astorage medium. The results may mclude any of the resulis described herein and may

be stored in any manner known in the art, For example, the segments to which the
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absol ute difference above the threshold may be identified as a defect. In
addition, the sane predeterm ned direct difference threshold may be applied
to the abwol2otoesi3Bf erence regardl ess of the segnment toPpamushomoesso2

i ndi vi dual out put has been assigned. Defects detected in this nmanner nmay
then be conbined with defects detected by applying the assigned one or nore
def ect detection paraneters to the individual output to generate the final
inspection‘égsults for .the wafer g exanp fective mask may be

separ at el y "YEHEHAVERS ‘%a“’é‘léﬁ@ Rt e et %fett@tt Ctetﬁ&éﬁ?eﬁﬁm@fam%@@awe&r ow'
may be perfa@t}tt%ﬁﬁttegme@ %J&I%H@;@t‘fgwez%éﬁ%%?éa dﬁg@fr?cufu’erl:ﬁ&h Bskof Qmﬂ!té

def ects may be generat 8 ecting ects In rent nmanners
descri bed ahﬂveqmmﬁOmeMMGg:me®ﬁntammuwt@dkunnx£MM1nhmﬂayﬂheﬁadgantageous

for a nunber of reasons., For exanple, automatic 2D ctlon and
geonet ry- bé%%t&i%%%ﬂ@a@t L Wé@F JeTssIctug dRavE 7 ‘Ge %cttt%ﬁhtaﬁaui&ase of

use for sdefiect 1L BARKEEhOR syl AddLLAN LG SEQTERLALLOMARIGRL bed herein

provi des a dynam c way of napping defect and refé&rence | mages. For exanpl e,
if the segmbmtﬁxéhm@usﬁmnhhedﬁhﬂﬁgﬂ@mma15@@ubﬂﬂﬂeﬁwﬂﬁmbuﬁwmcmmnmast if the
segnent is clea the dif erence can be enl arg n addltlo doubl e

detecti on ZLCHHS BF PBEE- AoV e B S %éﬁﬁb‘ﬁéé‘t}‘%b bt‘y“ fPofg gt étt artfe"f rom

ei ther det 277eTe 9N I n r c L8.0f any
e R i A R S e e e

any of the oragshd itlsdcd]egmeséwdmher(éi Wianmcimmwiebaétssnm,r tav,t nem@aen'yly mersrser known
in the art t he segnent ich thein

For i
st Do dl SR RaR gt e B St e st 6 s e s R ReL et o t he

di fferent %@Qﬂﬁ@&%t&ﬁ%m@@,Qﬁﬁédkpb%%ﬂéﬁa!ﬁ1&&Q%“QKQFNHCFU§§1§HQQ/Qﬁﬁ@mJ00k
up table that is stored oh a storage nmedi um coupled to the inspéction

systentThecsmoﬁ&@ékmﬁmﬁwnﬁ%ﬁ&mﬁnwhmﬂeudn$méa$Uabﬁbﬁstépa@@ﬂnﬂﬂnbhﬁMnuwn in
the art red, .the results c n be ac sed in
Lhe o b andiaad il Y b MR SaolB, BLOVRER & SR et RS R EORES °o 2

user, usedggﬁﬂa@@tﬁﬁi softmare nodul e net hod, or system etc. Furthernore,
t he results may be stored ''permanently,” '"seni»pernanently, '
t enpor dfi |y, orlhunﬂgOﬂwi@énubdwmg%himﬁﬂwﬁdhﬁ@mﬁQMK»&mhﬁtéwmmag@tﬁ%d&um

may be rando R@N& and R s hay.not nec %Varlly
o sist | naBTiearT o ST Trntr br by SHEU GG i B PR eBTay ol so be
perforned &giphasize characteristics of the elements. 1t is also noted that the figures are not drawn
to the same scale. Elements shown in more than one figure that may be similarly
configured have been indicated using the same reference numerals.
26 Anocther embodiment relates to a computer-readable medium that includes
program instructions executable on a computer system for performuing a method (1e., a
computer-implemented method) for detecting defects on a wafer. One such embodiment
is shown in Fig. 1. For exaruple, as shown in Fig. 1, computer-readable medium 10
wmechades program nstructions 12 executable ou computer system 14 {or performing the
25 wmethod for detecting defects on a wafer described above. The computer-implemented
method for which the program instructions are executable may inchude any other step(s}
of any other method(s} described herein.
Program instructions 12 implementing methods such as those described herein
may be stored on computer-readable medium 10, The computer-readable medium may
30 be a storage medium such as a read-ouly mernory, a RAM, a magnetic or optical disk, or

a magnetic tape or any other suitable computer-readable mediurn known in the art.
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described in comonly owned U. S. Patent Application Serial No. 12/234, 201
by Bhaskar et al. filed Septenber 19, 2008, which published as U S. Patent
Appl i cat iwo 2PLol9B3at | on No. 2009/ 0080759 on March 26, 2@0%usand/oxdsnzh is
incorporated by reference as if fully set forth herein. Turning now to the
drawings, it is noted that the figures are not drawn to scale In
particular, the scale of sonme of the elenents of the figures is greatly

exaggerated to enphasi ze characteristics, of the el emants It is also noted
that the fi gure§q}§ﬁ’§%ﬁ€? TP RRHOTIRNRS ERIRISEH R AP RERYS VSRR HE DT e

than one fi Bk @@sed%{ﬁ?e@ }% ehtybﬁgd]%bi%cﬁ]&q Bave o@@afeig)r gﬁ‘%ﬂcat ed using

t he sane reference nunera relate
comnput er - r eadiaizhies, ﬂmdiasummbaf o m:ahplée@m praggnmmsimtonmnm bnsnExecutainiez on a

conputer s for perfo onput er - i npl enent ed
met hod) ( oM EP Y B et ATHES nﬁdéva(?& * s 6en SHEOaT AARECTE. shown i n
Fig. 1 Eor sexalphe ciis.$hane o fhg- twé‘iﬂ@@?@&t &tmb&adall & qediyum 10

i ncludes programinstructions 12 executabl e on conputer system 14 for
perforning the mamhpdrfgsonetianty rle dm@xstfsnmma;imbﬁzm podeseci cdeputabove. The
conput er - i n’gﬁerrent e met hod for which raminstructions are

execut abl e §ri PR PPt R aYs St et 2‘)"“8 0 ANV CBERBPU Bt HBET 89 WESer i bed

herei n. A hAsk ﬂHﬁBé P(E}‘ﬁp&'tgr LRl anepldng, &m&%@&r%ym ﬁ%%gﬁﬁ art,
descri bed erein may be“stored on conputer-readabl e medi um 10.

conput er - r dadallrd, tredirontaaypube spststdmagdcredidgmidueh ifasmammad%rxgnleyme
menory, RAM a rragnet”i CcC or &pt\:&ﬁa\% di sk, .or a.magnetic tape or. ny ot her
sui t abl'8 cé‘ﬁb‘&ﬁé‘ﬁ“eP HQEbPECTEEP UK S U HRCETS R 2 Sy AR HE T uct i ons
may be inpl em3ntf‘%ﬂaddrh@ﬂyn&f)od{%&hﬁ’éﬁiﬁ%yﬁﬂyh&ﬁk:%lgﬁﬂgndi)f@&&%'ﬁeﬁ,@@%ﬁ%

t echni ques, conponent - based t echni ques, and/ or objeéct-oriented techniques,
anong ot herwsierFdmosampliesnttoieughrogrsem issstwnot F rgn% ﬁaayhfbm impkelentted

usi ng Matle}%ll\{ l{aIRBasw E\Ctl g( ntros ) bj Ct%%ﬁ’%ﬁ _
JavaBeans, BT GLOT EPEQUUHP NG Adtarpmieohy E 2 KT R ogi es or
net hodol 0gisg8sy«@s: d %§ﬂ1ﬁg§9yd (LRl d"ﬁ/}’{ﬁ?{&mféﬁd Wi bak@nMAL i RUS fer IBs
i ncluding a pérsonal conput er’ system mai nframe conputer System
wor kst ati oxawylst emboonputer 2, iwaggcdompubensienprefdantablsevicodgevdorput er
parallel pr 1DEES 8{1{ sovrced Vi 9?}1@%@1&9{? tY)i dcueu,@tk 1?}3}!?\@0 %&agbtgregg %51%’1;}01161“ 24, In
addition, the inspection subsystem may inchude more than one polarizing component {(not
shown}, each of which may be posttioned independently in the path of the light from the
light source. Each of the polarizing components may be configured to alter the
26 polarization of the light from the light source in a different manner. The inspection
subsystern may be configured to move the polarizing components into and out of the path
of the light from the light source n any suitable manner depending on which polarization
setting 18 selected for illumination of the watfer during a scan. The polarization setting
used for the llumination of the wafer during a scan may include p-polarized (P), s-
25 polarized (8}, or circularly polarized (C).
Light exiting polarizing component 24 is directed to wafer 26 at an oblique angle
of incidence, which may include any suitable oblique angle of incidence. The inspection
subsystem may also inchade one or more optical components (not shown) that are
configured to direct light from light source 22 to polarizing coruponent 24 or from
30 polarizing component 24 to wafer 26, The optical components may include any suitable

optical componeunts known m the art such as, but not liratted to, a reflective optical
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In general, the term"conputer system' may be broadly defined to enconpass
any devi ce having one or nore processors, which executes instructions from
a menory weadniwme3Aa addi ti onal enbodi ment relates to a gstusmioondshgured to
detect defects on a wafer. One enbodi nent of such a systemis shown in Fig.
2. As shown in Fig. 2, system 16 includes inspection subsystem 18 and
conmput er subsystem 20. The inspection subsystemis coni gurcd to generate

raw out put for a wafer scanni ng t he waf For exanp as _shown in Fig.
2, the i nsFEEPPHTLstb tﬁ‘é}rﬁheﬂ%ﬁhua@gc‘ff .tw&%%%@%m&%ﬁmégf HCI0888F . Li ght
source 22 I.$,£0 {1629951%g0r§°911%q&1£‘veﬁ cdddf r%m@;ttg dRakand abng, %’Wﬂ@ﬁﬁtw%r In

addi ti on, the | spect| n subsystem may i ncl e more than one polari zi ng
conmponent (mm’c asstfie‘v\mi)1,m::1féﬁmadzrsm"gT ,mhlobhqmﬁh&wihosdmo@meder ndeipendeity |y in the
path of the % Lromthe | i ght source. ach of ”} polari zin nent s
may be confniob‘ﬂ G2 ATECE hel [5G PR 5% F5RBF O w@ﬂ%lzﬁfrrém ?%@fmg
source in a.dif{eren mﬁﬁ@ﬂf&rhohm@wtﬂé%&‘ihp% syhsyst.em.ory be confi gured to
nmove the polari Zi r?g conmponents into and out 3 the path of the light from
t he |ight sourceé.igh saserglirdmbldernmey badepgendidrngd dntewnleil ©h npﬂiqalmchamybn
setting is E%I ected for .illumnation of the wafer qﬁél ng a ag The

pol ari zat i 6 "ESPHHCREOLELEY YIF WHBE FIPERENACT BHIGPS L ! Wateed urt Wg'*a28can
may includg Qngqpsl k789 R 1o SRALRM 28 LBoe @by E:h& ol %Mmd@fm z8da( O -

Li ght exiting polarizing conponent 24 is direct’ed to wafer at an oblique
angl e of i nchirgenceptivhicementss shoohudéigady Lsaddiab, éeimli‘l&uqa@emah@ben@m

i nci dence. The inspection subs stem ma%?a SO |g%:[ ude one 0{ nor e o |caI
conponéfit s FHBEEWGINTPHAL “EF S BPT B Gdme's TENFCEE OPIGHE RO i

source 22 1.@;iRQtpky ?eh@gg GRIRLNEREd b ﬁéidxfiilﬁﬁb&%&{hﬁ@gﬂﬁmgﬁ ﬁfﬁud%‘!a,ntv 0

waf er 26. The optical conpénents may includé any suitable optical

conponent s skngdwnpéinritihg canposuec knas) inght ariotn kddiitiedhidt iospeativefibsgtieme

opti cal conponent.. .In addition, the |i t SO the pol arizing conponent,
ohd or 1 neRangidBE” Gt pearkia e R oR s n Rgh P S at ae ¢ he
light to thauWBh&lindlp P06 8 in TR }@d&@@gil@%gﬁf cdi@@ﬂgg%ﬂ(f& c8s. OEach@T y@bl i que

angl e of incidence and/or a substantially nornal angl e of incidence). The

i nspectifon wbabxgys;ta@mmymb giagonfe pigmledi tooelipe ﬁotwﬂﬁit/hfems clanlight dsyieslednni ng

the |ight 1; he. waf in ar% ] Ulrm%nng ﬁ tscal 0er}e t)f}{iogn waf er
26 may be ected éﬂ‘ “Hét BEFEY: Bi;“ﬁ‘uslpﬁ plie™ ﬁ’:if%ﬁ‘?s gy be LOoRTIgUTea 1o move
th@ polarizing components into and out of the path of the light collected by the lens in
any suitable manner depending on which polarization setting is selected for detection of
the light collected by lens 28 during scanning. The polarization setting used for the
26 detection of the light collected by lens 28 during scanning may include any of the

polarization settings described herein (e.g., P, S, and unpolarized (N}),

Light exiting polarizing component 30 1s directed to detector 32, Detector 32
may include any suitable detector known 1o the art such as a charge coupled device
(CCD) or another type of imagiog detector. Detector 32 is configured to generate raw

25 output that is responsive to the scattered light collected by lens 28 and transmitted by
polarizing component 30 if positioned in the path of the collected scattered hight.
Therefore, lens 28, polarizing component 30 if positioned in the path of the light
collected by lens 28, and detector 32 form one channel of the inspection subsystem. This
channel of the mmspection subsystem may include any other suitable optical coruponents

30 {not shown) known in the art such as a Fourier {iltering component.
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of die inspection subsystem during scanning For exanple, light scattered
fromwafer 26 at angles relatively close to nornal may be collected by | ens
28. Lens W6 20my098738| ude a refractive optical el ement aspsmaspoion2iBoy. 2. In
addition, lens 28 may include one or nore refractive optical elenents

and/ or one or nore reflective optical elenents. Light collected by |ens 28
may be directed to polarizing conponent 30, which may include any suitable
pol ari zi ng conmpgnent kno art. |In addition, the |n éjon

subsyst em nmay |r¥d$f£}déat%vg;”?fﬁé‘rﬁ?%* g &Fié“r’”i%%aﬁéi@ém?bd’néﬁ 1&@ SHowfr) , each
of which may be, g&%'btelcgﬂ%if@qw&&%&mm nl}gﬂ?mﬂ@c%d%fw zéxpa%' L@ht col lected

by the lens. Eac he ‘polari zi ng conponent’s nay igured to alter
the pol ari ziattiod topoltthant cghporeat Beotiech tyy thvéudeens simbde polbfiengnt manner.

The inspection subsystem nmay be conf.igured to nove the polarizin
conponent s CP%%*&’SQ%@{%W %Wﬁﬁe%b&g'ﬂ“%? RHESPIYRE SETV SRR %ﬁlﬁﬁg Pens in
any sui f«abh&n{@{l%ﬁdr ﬁp%%%gtdgg iﬁﬁl‘h@@vnp%é{ém&lkﬁ’ﬁaﬁ% #o@&ghara sel ected for

detection of the 'light col | ens during sctan
polar|zatl@mk$emkmﬂguuﬁedmﬂnﬁah@hgd@mﬁmnubh»ﬁﬁimﬁeEhL@hfﬁmqu@mhgﬁ by | ens
28 during scannin i ncl ude of the olarlza escri bed
herein (e. g"m@ﬂ“@%‘ f&ﬁ%bnﬁfﬁéfw@w Ny POL*.%W&OW. B ﬁ@w iaﬂrifgﬁhgu thponent
30 is diregt @%ﬁ&ﬁ%ﬁ%prT@%m&%@&&lﬁ;@»é@mn@ax ae%hﬁ @@'{'LYm%\JJ,E@*bl e
detector known in the art such ‘as a charge coupl ed Vi C or anot her
type of |na@kmgndameqmownﬁnﬁ@@mbmmsﬁimsmﬁbnfﬁgwgédxﬂbdgéheﬁ@ﬁbnwammautput
that is responsive to the catte ht .collected b

tr ansm 0t auBy HBRaH ARG BeoRBRE PSBTAGost Eiednet o KRECBALH G0t he

col lected sgat 5&1@@@6{'53%9&{» 34T(ﬂ§ﬁ";@fs92{rﬁ'qmol ez y%@amzﬁ&l)@-K Jih NGB PHRRRRRER 30 1 T
positioned in the path of the Iight collected by I ens 28, and detector 32
f orm one chhnhéﬁuoﬁaﬁmﬁmlhspé%dumngﬁmmmmgnewnnﬂhmﬁPdh@nhbl of the

i nspection subsystem cl ude a r. suita nts (not
shomn)  known | n LeHa St s bR e IR i SR E g
scattered fromwed @!d@@r@éﬁ égl;@ti eD@tﬂLw@@Qﬁxeﬁbaﬁ&\ﬁﬁb‘éu%% @@ﬁ@lm @h?a&h%-
Lens 34 may be configured as described above. Light collected ens 34

may be idi r esteepbrsoepoiardctlierigd eonpordntt 361 pwmﬂohfma&! pﬁﬁmmgeoamymsmﬁﬁabl e
pol ari zi ng ect

onent no i, N
B boyst em iePTHEr O oP 4 e ana b oehl BT beoRponent THot SHOMRF™ each
of which may ipgodasich 'n@fh%qsaih of the light collected by lens 34, and detector 38 may form

another channel of the inspection subsystem. This channel may also include any other
optical components {(not shown} described above. In some embodiments, lens 34 may be
26 configured to coliect light scattered from the wafer at polar angles from about 20 degrees
to about 70 degrees. In addition, lens 34 may be configured as a retlective optical
component {not shown) that 1s configured fo collect light scatiered trom the water at
azirauthal angles of about 360 degrees.
The wmspection subsystem shown in Fig. 2 may also include one or more other
25 channels (not shown}. For example, the inspection subsystem may include an additional
channpel, which may include any of the optical components described herein such as a
lens, one or more polarizing components, and a detector, configured as a side channel.
The lens, the one or more polarizing components, and the detector may be further
configured as described herein. In one such example, the side channel may be configured
30 to collect and detect hight that is scatiered out of the plane of incidence (e.g., the side

channel may include a lens, which is centered in a plane that is substantially
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i ndependently in the path of the light collected by the I ens. Each of the
pol ari zi ng conponents nmay be configured to alter the polarization of die

l'i ght colwecvmdbisit he lens in a different manner. The PoSamsetlivoesszubsyst em
may be configured to nove the polarizing conponents into and out of the
path of the light collected by the lens in any suitable manner dependi ng on
which pol arization setting is selected for detection of the |ight collected
by lens 34 during scannin The pol ari zation setting used for detection of
the |ight d6MBEFEET ByhF B 3&“‘6&9‘9?% a%@aﬁﬁﬁeﬁt@fﬁ%i SRR g detept “gﬁ opedigd

Li ght eX|tqﬁgh@%h§r|Z|ng conponent 36 is directed to detector 38, which may
be configure escri bed above. Detector 38 is also configured to
generate raM/ouﬁpu&pmhmﬁotémneﬁﬁonﬁhde&hm&ﬁmauﬁmgaﬂmkﬁkﬁmakﬁenedpﬁm@ht

t hat passes throug ?gﬁar|2|ng c%nponent 6 if QS|t|oneg in the path of
the scatteP8d 5 ght O THPEFGHE: %“né&ld‘“g“‘&dgr‘i“ hETEHHIG Kemtssif £

posi tiored jg )sEH? bRAldIn fa,bﬂtc‘beFi Jeg;Qﬁ &ﬁh%u diYid rﬁﬂi&éﬁ@tﬁooﬁn&tﬁﬁ%%&kor 38

may form anot channel of the ins ect|on bsyst em s channel may al so
i ncl ude anymomhamdmps&m&hudmnpmqwnmszﬁnnwybhmmm»cde&t@anMyabﬁmmxxﬁndsone

enmbodi nent l.ens. 34 be configured to coll t scatter d fromthe
waf er at pZ‘I‘“E‘ﬂm &Héil@ééﬂca PR ES SoTHEGFedS Y 1&%&5%3%%&%% ghugigation

addi tion, lgRgs ﬁ&w@&ypp\@ﬁ.bc;%f;kg%ﬁdm@& z@%ﬁ%d@% V& leQ'tdt‘&QlO ﬁ&ﬁponent (not
shown) that I's configured to collect t scattered ron1tﬁe waf er at

a2|rnuthalLan@besnvﬁwahﬁmBU®ﬁDcdagmeESfWM&thsm@cﬂhohg@Ub$&s%eﬁwBh@mm in
Fig 2 may F%SO i,ncl ude one. or ot her channels (not shown). For exanpl e,

the i nspec @ﬁd§ﬁ3§§§€%ﬁ$ﬁﬁyﬂvﬁ%ﬂ 8"¥fi"dddi ti onal channel, which may

include any of the, QptiGalysCAMRPREBLE Hes 6l ddbad. ﬂ?sr;ﬁ{vrbuﬁl%ﬁ Qu@e’?atad a?ﬂ?e one
or nore pol arizing conponents and a detector, configured as a sid

channel . Thespkens, subkesiconel orexpmpt, p@*ampmuﬁgcmsmﬁnﬁbﬂﬂ@xmanthMg detector

may be further .confi ured descri bed n_one .¢ exanp t he
o1 e channeF TR BB BORFT G daCTBPEE! BT Sha i RGP TR HAPT

scattered QubsQfnihg, Bt é‘&%l&{fmk‘i&l gene %@t(:&gg, (elh& v nd@y ﬁﬂﬁ@@%ﬁmﬁ?&)d ncl ude
a lens, which’is centered’in a plane that is subsfantlalIyperpendlcular to

the pl dne ofedindioderioete dndied lidet wdtior?, cdndh gy edhide adesestbld rghtuseln ect ed

\?g.l ng lofe nz%ﬁ}.ll%%fﬂ:‘v‘g’%{?le?ﬁé }u%nsu%{; ﬁ%a?ﬁlf: computﬁk QE%J}?;QE% iﬂg‘; T Eibgquorgg C u?p’slﬁ’ the

generated by the detectors. The computer subsystem may be coupled to cach of the
detectors in any suitable manner. The raw output generated by the detectors during
scanning of the wafer may include any of the raw output described herein,

26 The computer subsystem is configured to identify one or more characteristics of
the raw output that correspond to one or more geometrical characteristics of patterned
teatures formed on the wafer according to any of the ecmbodiments described herein. The
one of more characteristics of the raw cutput may inchade any such characteristics
described herein. The one or more geometrical characteristics may also include any such

25 characteristics described herein. The patterned features may include any of the patterned
features described herein.

{n addition, the computer subsystem is configured to assign individual output in
the raw output to different segments based on the identified one or more characteristics of
the raw output such that the one or more geometrical characteristics of the patterned

30 features that correspond to cach of the different segrments are different. The computer

subsystem may be configured to assign the tadividual output to the different segments
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paraneter(s) of the inspection subsystemmay be altered in any suitable
manner i f necessary between passes. For exanple, to change the illum nation
pol ari zatworosvm@s®s3s bet ween passes, pol arizi ng conponentrC2AISpEy/0ksB02 enoved
and/ or replaced as described herein with a different polarizing conponent

I n anot her exanple, o change illum nation angl es between passes, the
position of the light source and/or any other optical components (e.g.

AR A I R O AR R 1
confi gured 1.9, ACGYI Jrend gi iAW Ol g%es&ﬁ&lﬁd@}&;@' P &121‘%&:1@%&%‘9&'&91 sypsystem

For exanple, raw output generate tectors during scanni ng may be
provi ded t @ochppud egd@uzbis;dshmmzwhc [d@npﬁm breubrangretcheraclongutef tieubsyst em

may be coupled to each of the detectors (e.qg,,, by one or nore transm ssion
medi a shomusvtf% %fi‘;ecawaiﬁheg R YOS %C‘Cah‘?dclﬁ%ﬁﬁy i nclude any suitable
transm §si on media E Wy Lifhsly ﬂ%n%h?rﬂé%&hﬁgﬂ?éd b1 epd‘%&[m%% n BROSYSLEM may

receive the raw out put generated by the detectors.” The conputer subsystem
may be coupkédt {oceachaofmdidre tadt dctors bnpnanydwndzabl@alnmfnm The raw

out put gener db he .det.ect.or s, during ning of . the wafer may include
any of the ‘Pg\ﬁﬁﬁﬁﬁf st ohdt ﬁ%‘r 8indt I“ffif“uféalg gﬁeﬁ“‘é’&&%&}%ﬁiﬁmﬁﬁﬁ

confi gur ed {9, ddentdde QN8 gw@&?pcﬁ&%@&t&%ﬁm%m@& Thecddgut put t hat
correspond to one or nore geonetrical characteristics of patterned features

formed on thiesywahes abocondgugd tcoa}‘@hyth@fasﬁngr@dema@dnmti@“vdebm:ﬁ@ed her ei n.

The one or nore characte ti.cs of the raw.ou nmay ny, such
Char actlr | SHREE!T8 G O R GRA HRETBAS OF e Gogmere b dereor efect

charact eri sfies JBYc 38R, WhEh %Qa% 1@@%ri§ﬂﬁ&i Q‘@fd%@é @ran§ras daserhoad herein.
The patterned features may i ncl tde any of the patterhed features described

herein. In das.tdﬁ"tcd bngmit heheoomgutdernesulysys tlefrei detouinf: ipgunethrs oagssilghe any
i ndi vi dual 'O%{el i n e ra\g OUtfo)Ut to different segnments based on the
i dentified?®d ?‘mﬁblrgé CHUFAEB T stics of the raw output such that the one

or more geomet rigale @ﬁ!@@&:@%‘&? Ashigs, f cdafiguRats g&@@@h featibRs s hak any
correspond to each of the different segnents arc different. The conputer

subsystiém megthdzke ft}bﬁﬁlﬁlgmt‘é detaoibag sergiv. t He dongivtar dulalysiout putingpectide
Id:,]]:j:c \e“r gﬂgl S’:>§ r{gtg%ns%%?t & 8y L0 mavabﬁyhm%u aoniwure% as ﬂeﬂmguggesf%{nl. bed herein. The
it is noted that Fig. 2 is provided herein to generally illustrate one configuration
of an inspection subsystem that may be included in the system embodiments described
herein. Obviously, the inspection subsystem configuration described herein may be

26 altered to optimize the performance of the inspection subsystem as is normally performed
when designing a cormmercial nspection systern, In addition, the systems described
herein may be implemented using an existing mspection system {(¢.g., by adding
functionality described herein to an existing inspection system) such as the Puma 90xx,
1xx, and 93xx series of tools that are commercially available from KLA-Tencor,

25 Milpitas, California. For some such systems, the methods described herein may be
provided as optional functionality of the system {e.g., in addition to other functionality of
the system). Alternatively, the system described herein may be designed “from scratch”
to provide a compietely new system.

Further modifications and alternative embodiments of various aspects of the

30 mvention will be apparent to those skilled 1o the art in view of this description. For

example, methods and systems for detecting defects on a wafer are provided.
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i nclude any of the individual output described herein. The different
segnents may be configured as described herein. The identified one or nore
char act erwet2nm#9sf33t he raw out put may include any such ebanmedienczso cs
descri bed herein. The conputer subsystemis further configured to
separately assign one or nore defect detection paranmeters to the different
segnents according to any of the enbodi nents descri bed herein The one or

nmore defect, detection paraneters y |ncI of t fect det ecti on
paraneters h@%%lff%dph@rwwm%%w il éﬁéﬂ?ﬁfﬁﬁ%‘rﬁ ?EQV av o [eORFPGIEY t o

apply the ag %éagﬁ]ﬁg HRHAE QQrIV@H{ e qgfiﬁé:%?n@ﬁﬁ &6h:LAMN Ak Lol %16 8. ttis
i ndi vi dual out put “assi gned he di fferent segnents to thereby detect
defects ontmheumﬁﬂﬁnmimmiﬁmtmmw(ﬁéhpﬂﬂﬁﬁkMEﬂ@&ﬁ@mﬁdbﬂ@@h@hanmcméuthe

enbodi ments descri bed herein. The assigned_pne or re defect detection

par anet er s B 3 A RIBEHRP S EEH! Farurmst Vale s EGasar e et B Pho conput er
subsyst em nayHa.gapidh %!rﬁ%@u%&d%ﬁfd%ﬂ‘badi‘}icx%%nh éms g(l&)cb@s nYTet hod
enbodi nent (s) descri bed herein. The conputer s syst the i nspection
subsysten1ranﬂwﬁhanbys@eﬁimaymbeuhunthﬂmnmmﬁﬂnguﬁﬁdiashﬁaxbnﬂheﬁabere|n | t

is noted that herein to eneral trate. one

conf i gur at ot bP e 5@@{% %ﬂ?@uaéfys@w&f BTy e it B Firterer syst em
enbodi ment sthadﬁﬁ%dotﬁeq }ﬂﬁ &l Ry oML @s.,u§1 i}{@ clRBols IRRSGLE Qnr(,ﬁ}"xbﬁ}y&ﬁ %g%drtm g
configuration describ erei'n may be altered to optimze the perfornance
of the |nspemmﬁ@mpsubs@s@eﬁwﬁ§ﬁﬂsVﬂmmnabvapéﬁiaﬁhedﬁkhﬁngdbsngnlng a
commerci al inspection system In addition the systens descri bed herein may
be inpﬂgnented usi ng an existing inspection system (e.g., by adding
functionality described herein to an existing inspection system such as
the Puma 90xx, 9 1XX, and 93xx series of tools that are commercially
avai l abl e from KLA-Tencor, MIpitas, California. For sone such systens, the
nmet hods descri bed herein may be provided as optional functionality of the
system (e.g., in addition to other functionality of the system.
Alternatively, the system described herein nmay be designed "from scratch”
to provide a conpletely new system Further nodifications and alternative
enbodi ments of various aspects of the
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invention wll be apparent to those skilled in the art in view of this
description. For exanple, nethods and systens for detecting defects on a
waf er ar ewprow/demd3Accordingly, this description is to lpeTasasmoessd2 as
illustrative only and is for the purpose of teaching those skilled in the
art the general manner of carrying out the invention. It is to be
understood that the forns of the invention shown and described herein are
to be taken_ as the resently preferred enbodi ments. Elenents and materials
may be subst it & ﬁ&ﬁ‘ﬁﬁ@§é illustrated and descri bed herein, parts and
processes may be reversed, and certain features of the invention may be
utilized i ndependently, all as would be apparent to one skilled in the art
after havirg the\ bengftetingflembitsd degoditpt dorrtiof dbfeetsiomwemafcoro@panges nmay
be made in the el enents descrj bed h rein mnthout departing fromthe spirit
and scope of théfWHVE%PFbﬁmﬁéfﬁéé %éﬁn?ﬁ“fﬁéE@d?ﬁ%v&%b“gﬁngs WHAT |'S

CLAI MEDsI St 1. AqCompUL 8hs LiBLeTERILed URLNAS Ot &l%ﬁ%ét'&gn oﬁ&%@o&ﬁo@

waf er, comprising: acquiring raw output for a wafer generated by an
|nspect|on system i dentigbyheigcdnbaortonsiie o« panactefastesciermdéd thger aw

out put that correspond to one or nore geonetrical characteristics of
patterned features f S¥¥gd on t he waf er; assigning individual output in the

raw output to digd ?ﬁl@“ﬂd’%ﬁ&r@ nﬁ;ﬁ)upﬁﬁﬁg ) oﬁrlﬂﬁt oQeitih £0,m00€ pQ¥dRNBe
characteristics of the raw output such that the one or hore geonetrica

characteristics of th@améwﬁen@ednmeaﬁunegnﬁhanﬂdbﬂn@@@ﬁn@%%@héatﬁu@ﬁethe
different segnents are different ar at.el 23 ng,ane or npre defect
eb Tt

det ect i'6n paraneters(¥8“¥%emﬁ?$§%?§ﬁ TAget FPRHES TR assi gned

one or nore defect dehLecli.Qn PalBmeler Sritnt f8Adiyd Sydleqeut put assigned
to the different segnents to thereby detect défects on the wafer. 2. The

met hod of cl ai msdpargthiprassipninpent anmo gaitct idsterespomsinvterstio thd ghtrestat t er ed
fromthe wafer. 3. The nethod.,of claiml1l, wherein the identified one or
more characteri sti cs “of tHe 8w out put conprise projections along |ines

within the raw QUbRULs ihe assigned one or more defect detection parameters to the individual
15 output assigned to the differcut segments to thereby detect defects on the

wafer,

2. The method of claim 1, wherein the raw output is responsive to light scattered

from the wafer,

~

3. The method of claim 1, wherein the identified one or more charactenistics of the

raw output comprise projoctions along lines within the raw output.

4. The method of claim 1, wherein the one or more geometrical characteristics of the
25 patterned features comprise edges, shape, texture, a mathematical calculation that defines
geometry of the patterned features, or some combination thereofl
5. The method of claim 1, wherein said identifying is performed based on how a
design layout of the patterned features will atfect the one or more characteristics of the

30 raw output.
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4. The nmethod of claim1l, wherein the one or nore geonetrical
characteristics of the patterned features conpri se edges, shape, texture, a
mat hemat iwal2omedossBat i on t hat defines geonetry of the pacraspe@d/iobisat ures,
or some conbination thereof. 5. The nethod of claim1l1, wherein said
identifying is perfornmed based on how a design | ayout of the patterned
features will affect the one or nore characteristics of the raw output. 6.
The met hod of claiml1l, wherein said.identifying is perfo whil e said
acquiring i% bei'l§ FEF IO EYM 7 WIRHER AR ﬁ(éﬁﬂlf&ffﬂ%iweﬁw{le%ﬁ%ﬁ%ﬂsai d
ide”tifyi”%c&ﬂﬂngﬁh%hﬁﬁﬁkgﬁ&ﬁg t he individual output arc perforned

ou

automatically w t user input. 8 The nethod of claiml1l, wherein said
assigning the individual output is perforned without regard to design data

associated with the patterned features. 9, The nethod of claim1, wherein
sai d assi gl ng t'H& “i“_%g?‘{/‘?fo%%ﬂ“ %a*?fﬁmm pad sy Yﬁﬁ%@%ﬁf&%ﬁﬁ&%%@? alde‘\év&}ai _

I ntensity %Bgﬂﬂ%—!&?{‘ Yhdul o QLS REY ity JheidigE hod of claim 1, wherein said
assigning th |n§|V|3ua out put conprises analyzing the identiiled one or
nore characteristics of the raw output and applying thresholds to the

i ndi vidual output. 11 The nethod of claim.1, wherei.n the one.or nore
geonet ri cal -chg?’%tﬁéﬁﬁ@i P b g SLP TS 6 Bivd f"d_ﬁigle‘“ﬂii“i‘lf‘-‘eii"éﬁgm“i
Segment s P%W%&&ﬁﬁ%%ﬁo%Eﬁ 8. 980BIL Cl 1ehalasteld.akics of page breaks
and wherein the one or nore geonetrical characteristics that correspond to
anot her of the different segnents conprise one or nore geonetri cal

characteristics of array areas, 12. The nmethod of claim1, wherein the one
o nor dochar act e st be o RG. i Re R AL QPSR R e B
nor e geomety;iieal (GhANactefdSidres RlnsRBeRbut he patterned features cannot

be suppressed by Fourier filtering. 13. The nmethod of claim 1, wherein the
one or nore defect detection paraneters conprise a threshold to be applied

to a differgnce hetween the .individual .qutput. and.a reference.14. The
mot hod of dDai mTC G BT 1481 1 "URAr St Ees (i RV EHE STSPTRERS der ect
deéI ect honl RALIGIRL O Sidh: S RArdnR RS e dakicH6f @6t 5w BLQudgleghadndisi ng the
I Ndl vl aua

15 thresholds to the individual output.

11, The method of claim 1, wherein the one or more geometrical characteristics that

correspond to one of the different segments comprise one or more geometrical

characteristics of page breaks, and wherein the one or more geometrical characteristics
26 that correspond to another of the different segments comprise one or more geometrical

characteristics of array areas.

12 The method of ¢laim 1, wherein the one or more characteristics of the raw output
that correspond to the oue or more geometrical characteristics of some of the patterned

25 features cannot be suppressed by Fourier filtering.
13. The method of claim |, wherein the one or more defect detection parameters

comprise a threshold to be applied to a difference between the individual cutput and a

reference,

25



out put assigned to the different segnents with different sensitivities. 15.
The nmethod of claim1l, wherein said acquiring is perfornmed in one pass of a
mul ti - paswoiznspwstszon of the wafer, and wherein the conparas20wpkasoent ed
met hod is not perforned for raw output acquired in another pass of the

mul ti-pass inspection. 16. The nmethod of claim1, wherein said acquiring is
performed in one pass of a multi-pass inspection of the wafer, wherein the

conputer-lnplene t ho |s not perf.qrnmed for raw out put acquire
anot her pasé- of é“ iift §LpuEs! .ME&%ﬁ%ﬂ@ﬁﬂ*%@mﬁb%zaa. HHa Gl %a@é&f?‘%ﬁ arc

det ect ed USENGb et Akaut Bl ACAULERGal Rkhes ALdeLRIST AN0 MGaehn the

nmet hod further rises c Ining t and the additional defects
t o gener at euipus pactricdne thesiufftrsnifsogmtine wadkf dtteredikendiheitioet hod of claim 1l
further conprising applying one or nore predeterm ned defect detection
parameters to the raw output to detect additional defects on the wafer and

combi ni gy tfie defigchanand diim AddiciRual ARliget & koodRRerake haspect i on

results for the wafer. . A conputer-read I um conpr|3|ng program
|nstructlom&ﬂexa&whqhkeamntagwmmpumﬁiwhgsmeh@t@nﬁparﬁmﬂmnmguﬁnmﬁmﬁoﬂnﬂor
detecting defects Pn a wafer, wherein met hod conprises: acquiring raw
out put for PRTGEFEH OGEREPEPREY SN N8 ‘é&’c”f‘é f@&}srf’ké%f‘d?ﬂiéﬁ?‘ﬁf%‘ng one or
nore characteristics of the raw output that correspond to one or nore
geonetrical characteristics of patterned features fornmed on the wafer;
assi gni ng ilfdi vildeahetioet putlainni tierriaveidatputing o iibfrecemtonsggreritss based
on the |dent|f|ed one ar nmpre characteristics of the raw ut, .such t hat

the ond’or HHF@GLENECHPR AN e ARG o WUt e §OgP U EREN S‘E"‘F%‘Fﬁaéﬁ %84t ites t hat

Corfespond~kﬂb§ﬁ&h®9£n$8&:Qﬂ%:@ﬁ@ﬁ&céﬁgﬁPﬁ&ﬁo@H%xﬁﬁ;ﬁﬁ&@ﬂ&'%%B§R§&§£M
assigning one or nore defect etection paraneters to the dif ferent

segnent s; aﬂdﬁmp@MVRNQWKhéua@sdgﬂegﬂ@newanmnmﬁep@eﬂamﬁmdﬁhﬂq@vmmmbaraneters
Eigt te(f:lf: Idg](cj Ié’)ét{ug&g lﬁuﬁﬁctéiggé et é‘n?gmtg? C(t)l?l ngﬁgf tfhc rdSi[gEts 29 r?%_ add umnai Jlmf\c. c?x %

generate inspection resulis for the wafter,

17. The method of claim 1, further comprising applying oue or more predeterroined
defect detection parameters to the raw output to detect additional defects on the wafer
and combining the defects and the additional defects to generate inspection results for the

wafer.

18. A compuier-readable medium, comprising progran instructions cxecutablc on a
computer system for performing a method for detecting defects on a wafer, wherein the
method corprises:
acquiring raw output for a wafer generated by au inspection systemy
25 identifying one or more characteristics of the raw output that correspond to one or
more geometrical characteristics of patterned features formed on the
wafer;
assigning individual cutput in the raw output to different segments based on the
wdentified one or more characteristics of the raw output such that the one
39 or more georneirical charactenistics of the patterned features that

correspond to each of the dilferent segruents are different;

26



wafer. 19. A systemconfigured to detect defects on a wafer, conprising: an
i nspection subsystem configured to generate raw output for a wafer by
scanni ng wbeowasr33 and a computer subsystem confi gur edpPrco/Usacigoesse2 t he raw
output; identify one or nore characteristics of the raw output that
correspond to one or nore geonetrical characteristics of patterned features
formed on the wafer; assign individual output in the raw output to

di fferent segnments based on the [denti{ied»one.or nDre,qharacieristics of
the raw out put SEMAENASSERES GRS CbIMOForEcgdpet o it meRaradiceri'sttits of the
patterned features t@a%n&gggﬁgpond to each of the different segnents are
different: separately assign one or nore defect detection paraneters to the
di fferent segnenpglyimdlc appingd bhe cassrgdidett dneciorn prosectdefte dic idditvettl on
paraneters to the individual output a&si?ned to the different segnents to

t hereby del ect def ect™s'i¥h agsi.géwa\é«f glle_diﬁerm t segments to thereby detect defects on the

3 waler,

19. A aystern configured to detect defects on a wafer, comprising:
an iuspection subsystem coufigured to generale raw output for a wafer by
scanning the wafer; and
10 a computer subsystem configured to:
acguire the raw output;
tdentify one or more characteristics of the raw output that correspond t©
one or more geometrical characteristics of patterned features

formed on the wafer;

L

assign individual output in the raw output to differcut segments based on
the wdentified one or more characteristics of the raw oulput such
that the one or more geometrical characteristics of the patterned
features that correspond to each of the different segments are
different;

26 scparately assign one or more defect detection parameters to the different
segments; and

apply the assigned one or more defect detection pararucters to the
individual output assigned to the different segments to thereby

detect defects on the wafer,
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