: e3e5nnoTprJgr 6. sTsapG WAFER DEFECT CLASSI FI CATION  FI | ELD OF THE | NVENTI ON
2 3 DEC 2002 The present invention is in the general field of detecting
nerd classifying defects in wafers during and/or after manufacture. s
BACKGROUND ION As is well known, considerable eRfoPECi82spent

i n academ mmmmmWy t owar ds devel opi ng techni ques enabling the
detection in wafers before their cleavage into distinct dies,
capsul ati on antf*¥®sequent distribution to the marketplace in the form of
chips. Prelimnary defect i OydeERCIDENFELT OLASIFICADIONES the Meld"' irk
terns of discarding defective wafers and consequently increasing the
percentage of fault-free chips delivered fromthe production line. In
recent years) defect detection has been inproved by techni ques for

cl assi fyll‘lmwummmlmmr nto distinct defect types. These techniques not only
allowis i on of defective wafers so as to increase the yield,

but also to &y de sone information on the cause of the defects. The
production stage can then be reconfigured or nodified in order to produce a
better wafer series. The inproved sensitivity acconplished by classifying
defects is zo illustrated graphically is Fig. 1 (3.0), which shows the
nunber of defects (Z) of various types (Y) for four sequentially produced
waf ers (X) Wil st the 2 3 DEC 2002 total count (12) is essentially the
same for the fBIRLBOEFTHR MEVENIIONor defect type D (14) dramatically
increased over tine. This allows the cause of ‘the defect to be identified
and corrected. A rThf prssenirpventipnds inthe generaldield ohdetesting and slassifying a per son

visually s ins tign fers.for defects and classifying the defects
according to p %Café? W%f?éﬁdmﬁﬂfﬁ%{.ﬁ“ﬂﬂ‘ﬁdmm procedure is not only
sl ow but also error prone, since it relies on the inspector's professional

skills which obviously differ fromone inspector to another. Autonmatic
Def ect O assification (ADC) techniques cope in many to respects with the

short com ngs, o Gﬁ(?'ﬂﬁh) ?@W’E P}ﬂ,@ for exanple, . KLA of Santa

Clam CA, masr k%f‘s‘tsé% SO twar?lgac age, ca elg | npact, as an add-on option to

its inspection-revj Bat S _ applies
ASYS weél 1&% SsfieRibld i%on:{ ESs}Sc cadtlifia 354, RS

%
certain algorithmto the def I mage tak a CCD canera to att'enpt and
classify the devwerds devebiping techmiquespenabling ther det¢etion of cdefedteimwefest ed onl y

when the systemis ipn the review node. gnd.is inoperabl e, when the systemis
in the inspectg%‘#‘?r?mtg‘gl.r ﬂ?ﬂgﬁgﬁ HntBr. B¢ X as“??f@aet:%e%f egg.g,eqqe% system
first has to sgafddtRnel ithe ni@kaplatd ih NBe | fORRCEH bm-ps.nm‘ém}mw tgefect 0 the

review node and re-visit the suspected sites identitied during the
i nspecti on noddetectidme ierediai improvasnthgdyidld't i tetedscoft diswardingl defectivaer ence

site, and only then apply the algorithmto classif defect. The
| atter node of W&E af"?cgrﬁlqn?%ﬁ@:a Mvﬁei H“F?Pgagen@ﬁs’lﬂ%'ﬁﬁg &P L vi sit
ADC'. Al so not gbliyered B8nSihe uweEeslind)l Y a single inmge of the defect bona
a single perspective. Wi lst the CCD i mrage based analysis is nore accurate

and reproduci bl e 2 récent yeéars, defess detectionekinsrteen iimproved by utechniquesdior i cal
results are obtai eat e l,vsis of e sane. waf er,) . il i1l has
some ngj or shoF%@%ﬁ?’ﬂgﬁf’fegggﬁq Wﬁﬁ@%ﬁstﬁ?ﬁ%ﬂ’ﬂ%ﬂ tr?ﬁ‘b‘r%‘%o%% to note
in this contigxfderkifithtich of defective wafers so as to increase the yield; but also to

provide some information on the cause of the defects. The production stage

can then be reconfigured or modified in order to produce a better wafer
series.

The improved sensitivity accomplished by classifying defects is

20 illustrated graphically in Fig. 1 (10), which shows the number of defects (Z)

of various types (Y) for four sequentially produced wafers X). Whilst the



prol onged wafer inspection session adversely affects the entire production
Brie throughout. Unduly slow ng down the production |line throughput for

waf er 2 ~ ~ DEC 2~2 inspection is, in many cases, comercially infeasible
froma cast perspective, considering the high cost of the cRi%bDEGHXati on
process. There is accordingly, a need in the art to provide for an ADC
technique that will provide a relatively accurate and reproduci bl e def ect

classification, s,and t. at the same ti i 1|1 substanti al reduce the
duration of thé%b?%wt@d%E?SF*R‘&@Y#@%S@%@E%%HEY’ﬁ%ﬁ o&R Oéé"rfF‘i‘es. To
this end, int t 4.l ' Hofs 9 '@%}, [ 30| ntially
i ncor por at ed |W%é)ﬁ?§% erﬁﬁﬁ%%o@ﬁe%ﬁgdgﬁfée S(')sIgﬁsg 0 c%g]set?%{"%t QP;@ M-t he
fly ADC, i.e, tde¢ecAt¥be Riehtifgbaidadbrreetedhe wafer is scanned for defects. to
Thr oughout this specification, use i s nmade of the convention that

“i nspection" ref er ¢\ redifmestapy dégﬂ% clapréficatian anethoss invalves iaspessomrvieusllyo
efers {o tha JRORERNE nHEIeEt ok 1HSCSe AR e Gk 5 oGFS FSoTapd dd o
confirmrefute ﬁr@@ez%ﬁﬁe@eﬁmg&_ M%ﬁﬁgn%pgcédﬂfe Fs‘h%?@ﬁlzl éﬂ&g gﬁlikﬁéb aogd

i nvestigate the defect should is suc ed exists) nown per se.
SUMMVARY OF THE prbvENThe@Nit relvesTore thpr mspettor]snprefessiomal i skillsawhidh abviduelyf i ndi ng
that by illum nc?hj ng_ a wafer and collecting the scattered light by at |east
two detectors iGEPGLIpMCNednspesisr taAolher.o det ect defects in the wafer but

also to classify t t 64 15 | yzi.ng. th
attributes of the co t@éﬁgdﬁlefegﬁﬁlgﬁ;{/ﬁd?ﬁ&s édpproéw "%ORetWe EFW ADC is
acconpl i shedipAcesgedtsith thetshorteatuings odthe nRdualPréceties. THusPRr einglé,0rs are

‘utilized for collecting the scattered |ight. Wafer has substantially
mrror-Li ke surfacdlafdf SatnFlaragrd, 8 seftvare packags, sallasclmpact

expect od i roctidh ST oREH EefnapeRobnERGTaTtet fon sh tistuh 2635 of ©
cxaml o) | { {heTRsgifivae gl patsiealyoltans hereraimige i e TCB 3 2 3

DEC 20p2 surface, the expécted direction of the scattered light is also
normal to the veamaradaratisopt @ndclassify thedefecth Notably, the Impact lgarithmg beam

and the scatjered beam.is, substantialdy zero). By.way of another .exanple if
the angl e of{St h&h ﬁ&%eﬁ?te%e i f"r‘hd%s}'f %t'isv’é’_ym? i{%ew _e’sangu’rsf ace,
the expected di jRpéraBle wheh thdSysiertib & @k lnspidtionmdd® ThLStih \Rdéraot he

waf er surface (i.e, the angle between the ilTum nati ng beam and t he

scattered beam ¢lgssifyntheadefeets) theosysjem [figptchasi to scancthe cendire veafes iacd¢ such
that it i dapt, detect [J d,i i ti bst i all

di 1? f elr enlt Sf ?O?nppﬁﬂecg%gﬁpﬁéavgﬁeggé@%@ﬁﬁ@p}%ﬁnﬁi'ﬁ%ﬁ%}t:}ﬁﬂaﬁﬁﬁeﬁi@ IS? heybeam
i s incident on Riehfifitd dbfifig iR0inSpectibn nitkle; take ia QPinvige OF tite défeet field

detector senses low (if any) energy. If, on the other hand, high energy is

sensed by a #hr#&nd 4 sefgrense sie,cand anly thenapplyathe ADC rlgorithm tp clagsifinthei ng beam
i t incident j Lk f b ir |
geonet 1y et ng. 994EF < ThE Iifer mgeE.oF pleion Y bed b kndi B e iR s
detectors an at tRmxigit ADENCAWS hatablyatiRssysteai uidsconly Iatuﬁgla!iﬁ:gga bEEH® i S

I C

incident is on an irregular geonmetry, whereas high energy in ates that
the illum nati ndefeetafromsa singleiperspaetive. on a mirror |ike surface. Since dark

“bright 1ol d det oo Rt BetecD yripge oased Spsfaicis it aloipt€ abd SpleBBls g (o
"signal " (i gnakhht MRARahell prolebee! ‘(.e. ARAaISUREAAEH irddulty abdebtaliell bypr ocess

20 of defect detection and Classification is rot only sinplified but is
al so nore accur a¢peatedcanatysisnofl the saine waferdeit tstill fhas sore majemshotteemings, a
nmet hod for on-the-fly

e.g. it ‘is time consuming, It is important to note in this context, that a
prolonged wafer inspection session adversely affects the entire production line

throughout. Unduly slowing down the production line throughput for wafer




aut orrati ¢ defect classification (ADC) in a scanned wafer, conprising. (a)
providing at |east two spaced apart detectors; 2s (b) illuminating the
scanned wafer so as to generate an illum nating spot incident on the wafer,
(c ) collecting light scattered fromthe spot by the at |east 2t3\DEgp2ged
apart detectors; and 4 2 ~ DEC 2002 (d) analyzing said collected |ight
so as to detect defects in said wafer and classifying said defects into
distinct defect types. In the context of the invention, when referring to
the location ofgs ?e&msmmhﬁy Sase e6mAREciAlBCRTSRIbI Fom Mok ﬁ%}gseca% the
constituents of the s detector are placed at the prescribed ati dn, but
rat her that at cbmé@nngﬁehmosgﬁnhe@fabncdidmbcesg part of the detector

is placed at the specif,ed | ion. Thu for exa one enbodi nent,
the light receivi ng-g e apfor mg nEIP%edo‘P tﬁi)ﬁqtéoprqy go(%ﬁﬁ?@nge(:bmqmof a

detector) are t est of the
detector's corrgloaﬁenﬂsﬁrgﬁedg%oﬁép%%gb %c@fatcté]:(;ﬁi opposl M" 8‘%%,[ iasg]gé t he

bundl e. By oneanadithdi aenhe tsh@ei fihejnwilhisibstartiaptretigee el d@'&ﬂoﬁ)rbftﬂﬂ@ waf er
at an angle substantl ally normal tqo the wafer surface. According to this

enbodi nent t he d8{set @éﬂssﬁﬁﬁt@fbﬁm%@ﬁ hithemto tkneya drtieest de this end, dncthezi ng

| h B her _enbod h
1 Pumi nat i ng 1 Prparenid deBRp Rl 8 syl SRRpoef aRP ot o wat or
surface. By onevmgpetaeb phasd 3 dsit@ BonsUiteah Qnthayp Az, 308 guenst hat

each detector faces another detector |ocated substantial’ly opposite
thereto. By andnspeetedadthei wafer isseangedifordefeetss are | ocated in substantially

20 di t but nb k field d d di
Gpon Che par?i cul anbipghont LS peclioh. s, is§ S cbele ot Hercpivbaton Htuie)
whenever requi kine@RRraefrfth Ghe hfb%esrs%ré’iﬁq sﬂBSﬁ*ﬁé‘fs s%&‘ﬁfeﬁ%otl&’e(?gl  onal

electrical signal” 2s By yet another enbodi nent east one a

bright field dédeatipns shspeeted| uﬂ:admglﬂpf&ctn thereohpwhitstritretitve? eefess tbuhé her
provi ded the step of rowgh g 3 st .one additional brjight field
detector; scat PEPEES| mjae EFPEGP Eﬂ%¥°§ﬁvﬁlt§@éﬁﬁ?@mf°£@teltb®st one

bri ght fieldd aid
anal ysis, stip F%t%}elgé ?f;&‘gg{egi @'?%%%@%ﬁp%epﬁgg%%p i eo&?%ﬁlf(ﬁlg@sc%a é@ed | i ght
col | ect ed bywssaich amnlded exists, alhvs ksovat porye. det ector. Preferably said

anal ysis for classifying defects utilizes a so called scattered |ight
attributes, Typical, yet not exclusive, exanple of attributes s being
reflected light intensity, reflected Iight volume, reflected Iight
linearity and reflected |ight asymretry. The nature and.utilization of the
speci fi ed SUMMARY OF THE INVENTION:

20 The present invention is based on the finding that by illuminating a
wafer and collecting the scattered light by at least two detectors it is possible
not only to detect defects in the wafer but also to classify the defects into
distinct types by analyzing the attributes of the collected light. By this
approach, an “on the fly” ADC is accomplished. According to the invention,

25 dark field type detectors are utilized for collecting the scattered Light.

Wafer has substantially mirror-like surface and, accordingly, when the
illuminating beam is incident on a fault-free region of the inspected wafer it is
reflected at expected direction (in compliance with the SNELL law). Thus, by
way of example, if the angle of the incident beam is normal to the wafer’s



refl écted | ight attributes are discussed in greater detail below Typical
yet not excl usive, exanples of classification types being: small or big
particle (substantially a three-dinensional defect); small or big pattern t
0 (substantially a two di nensional defect). A refined classi f*rq,aﬂéga may be
used to determ ne whether the defect is a scratch (big or small)~ r
defect types may, of course, be used all as required and appropriate,

i ncl udi ng an unknown defect category. The present invention further
provides for a systemfor on-the-fly t s automati c defect classification

(ADC) in a scanrfatk, whé expeatedrlirestiongof {he) sdaltgded lightiris alsol harmiahad itheg t he
d f t il 1lum i t inci t th fer;
(b "eansor - catateosistipe Rt gine soaf Debissntig opiietbeangnd e sseteradhot two.
d t : G W0 i | d |l'ight
Speced, S0 SR SRS R IO gl > |

so as to detect ects I n sal assi 1yl ects into

di stinct def eghcilivitteamSkiih U5t HEllivd tof the waldttdurfabe, REO¥iFtREdfireb RSt ONe
additional bright field detector; said scattered |ight being collected by

sai d additionalf the dcanered dight lis il@ht relativel tdeheorafer sufhcedi.6, heomghsor
applies said analysis to the scattered 25 light col]ected by sai
addi ti onal at bebuesn thaéllupinsting beansand thefspatierrs beatrhis substantiallp A0 pr ovi des

for. in a systemfor op-the-fly automafic .defect .classification (ADC) in a
scanned wafer, pr ﬁ%gsﬁ?ldp&é@?é‘nﬁeaﬁ%& SHeT g?aﬁﬁi A a@%ﬂé @ Fé’%ﬁ'g: d 2
~ DEC 2002 recghwyd S f ﬂmﬁ- I £0Rf rs,
whi ch si gnal s%?%%%rggt?‘vgﬁo tﬁ‘)Inl é t sggltbteg‘?gg%pfom tﬁ'ggvfg?g?e%%zbgﬁdéct ed by
sai d det ect or Slireatidnahedoydingty, henithei byam is iroddent on a faldt-fre¢ regivhnasftiee i N sai d

waf er and s cl.assifyjng.sai s into disfin defect types. to BRIEF
DRSCRI P11 CNOOHRRREta- AR Bsiark ToTEUFeRtar REES Lohiah S0 eeneebnth B B 10 see
how it may be i i QAGLLER f .Mate i now be
descri bed, by %{%@h%ﬁnﬁ{%ﬁg&gg%aﬂ%ﬁlﬂ;ﬁ gma%‘ﬁag)gﬁ%rencewt %‘Ia'f he
acconpanyi ng cha\ilwrgnating bedrndhnottinddént®n almirsordikelsucfacelbutantherosipdn gr aph
that illustrates the advantages of defect classifjcation; Fig. 2 i

. s a
schemati ¢ bl odkregilag gaemetry heinga defech of 8rgivendyre bheonsmgdor haght fiskd ¢ he

pat torn_asdet dsehi s SisABalbd Bhorkl BAQERGhe s it Bdng VS el
detectors i {5 I §spo pgemlla gebhiéﬁ?'mhm Hﬁgaﬁ&gyliﬁm@yﬁgmﬂﬁ@mf 4is a

graphi cal representation of a light reflection pattern as detected by
respective evebﬁayncﬁmtm%dﬁﬂéanmmarﬂﬁecpors in response to

illum nating a pat¢ern efect. ' S, o tation
of one enbodi nent $§Fe #&@ﬁ?ﬁﬁefg‘)ﬁ @P@cg?tegé' fragtc‘;? ;anﬁgfe&s (&H{kﬁf@
so called “bright field detectors”) they virtually filter out “noise” and respond
to “signal” (signal stands for “defect”), and substantially the whole process
20 of defect detection and classification is not only simplified but is also more

i

accurate.

Accordingly, the present invention provides for 8 method for on-the-fly
automatic defect classification (ADC) in a scanned wafer, comprising:

(a) providing at least two spaced apart detectors;

25 (b) illuminating the scanned wafer so as to generate an illuminating spot

incident on the wafer;

(¢ ) collecting light scattered from the spot by the at least two spaced
apart detectors; and



Fig. ‘6 is a block diagramillustrating a generalized defect classification
anal ysi s sequence, according to ono enbodi ment of the invention; 7 2 3
DEC 2002 Fig. 7 is a graph representing volune vs. intensity attributes
that is utilized in a defect classification analysis procedufd, DE&288di ng
to one enbodi rent of the invention; Fig. 8 is a graph of asymmetry vs.
linearity attributes that is utilized in s the defect classification

anal ysi s procedure, according to one enbodi nent of the invention; Fig. 9 is
a schematic bl ock d@géﬁmﬁﬁg@ammnm@gg@m 80td QetddtaddiRts RdandiaRpt of
the invention; and Fig. 10 iS a schemati C bl ock di agram of a system
according to yetndclassefyaigsaid defbetslimedistinét defest fypeent i on. 8 Z ~ DEC 2D02
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI VENT Turnipg.first to Fig. 2, there
i s shown a schemati clbilfc somtedlyph o nvention whey z&;nwc& ghenkpcatioro gé

enbodi nent of t ,aventi.o S : u f ol A 21) 1.k um nat es
a small region g eééﬁ%r @&@?"gﬁﬁ%}ﬁ%}é@ )E?ﬁlgt {hlgg a;ﬁe rgoglg?tgg%é kcﬁo per se
X-Y stage (not &henoy areTplacdd ghhe prscritedriogation, bitaathex tapitdeast tHedphent i onal
| aser source. The jncident |ight beam continuously scans the wafer in the X

di rection (arrof¢nsmg, oracoliagting partf tbadetestonis pleerd slatherspeaified losatinned i n

the warer 15 reliuidteftyind ot bilbedinRob M hheneleaifl Fosk of BPOREE Deen
scanned, all asqKpoNe fibefs &Errnjﬁgtab'artedﬁ‘kwte@tbﬂtirhﬁiﬁdéd @%éwifci%xlfydoﬁﬁaectors

25, 27, 2% and 29 are placed adjacent to the ‘peripheral edge t he waf er
such that theirwafespwhereas the ekstsofbthev detectorid stomponents yaro\ceuplag tbathé or m t he

detection zone. The,detection zgne . s, ncludes the illum nated regi on of
the wafer, and 89@#%‘?@8‘%@4&&\98&?&\‘9&& the wafer relative to the

detectors, the enti f 2k bdlidh mdfﬁhé 3?1?%3? Lon
zone. Any incident P?g%? e:.?:%tte%%ﬁx?n t he %ﬁ e ti%%%%ag?\%{ggﬁ%%g%f
detectors 26, 2d7ngleSubmalitially2@rmel tg theplwafepsurfice) Atdoeding to tBisEmbaidinhenite 20
col | ected and ca&veﬂrﬂtg}d i_nt% au elgﬁg{@a%gn{ﬂ gtg.%q%re@tg{gatgggé;{rfeag
(typically in diIRcas KA1 E/ ata & owill
be expounded up%?ﬂf'e e%l%gj%a@et ail below. Those versed in the art wlt
readily appreciatet “Frg: " Z'illustrates only one out of many possible

enbodi ments af the ByvaRtherembbditfentbthe illymihating lighnis|ihcidént 0g thxoafre) when
considering the detectors of the systen) whereas in Fig. 2 four evenly
di stributed dar Rt2 Eeazngiangdetogh SW@skn, the invention is by no neans

eW,
Thert type. “Two month s BnbOREk ol Hilf il 89 HanhlCoff B al, SOM O

and 10 bel ow. 9 detector faces another detector located substantially opposite thereto.

By another embodiment said detectors are located in substantially even

20 distribution.

The number of dark field detectors may vary depending upon the
particular application, e.g. 2 or 4. |

“Collecting” may include, whenever required, conversion of the
received optical energy to an electrical signal.

25 By yet another embodiment, at least one additional bright field detector
is employed. By this embodiment there is further provided the step of
providing at least one additional bright field detector; scattered light being
collected by said additional ét least one bright field detector according to step



2 3 DEC 2002 There follows a brief description of the so called scattered
light attributes according to a specific enbodi ment of the invention which,
as wll be explained below, are used in the defect classification process.
Attention is now directed to Figs. 3A-B showing graphical reprles8ECalllbns s
of Light scattering patterns as detected by respective, evenly distributed,
dark field detectors in response to illumnating a particle (Fig. 3A) type
defect. Fig 3A shows a wafer (31) with a particle type defect adhered
thereto (32) (shown in enlarged scale for the sake of clarity). A particle
type defect i s(radssideanahsis, istipulated dnysaidstep (¢ beingapplisd tofthe svatierefler . Due

to the i o 3- dinensional (D), gepmet of the particle and the irregular

(non nmirror Ii ﬂ%’}t %ﬁﬂeF@g@Ytsﬁ@r@éft}onﬁ_iél?a!ﬁW #eCl9tght beamis scattered in

Sehemati cal Ly a or DEAcrERr Sel O o Subpth, ablifi BAAES 4 'sn Ghied: Uc.

| i ght beam (35)cdredd lighi BRiBERS, TP yeche: &@Rksives ck@hpBrofinibheyari ous
a

directions (e.g. 36(1) 365;2‘& 5 64t and 36t 0. Tur ni ng ck to Fig.
3A, the refliscgelnglr'e@tmed ighteintansity) rhiectadelight wolusnes meflecttiddight timearity
detectors 2 7 28) ,.and (29) -see Fig, 2 nd.the injensity, (in terns
of gray | e\(/((al g a'é‘i ré@écéi‘i é‘gﬁtbﬁéyé'%‘éﬁmﬂet tl%F“fF?@arWﬁl%ﬂ ﬂ?fl’%ﬂi%ﬁﬁf?él ly in
respective 3D i j: : epresents an X-Y
mat Pi x of pi xe%ﬁgﬁlg%gb@?%tgéégﬁl‘%ﬁe%gﬁ% E%dgéﬁ%}gﬁegsed in 8-bit Bray

I evel value. As exfgpicel]yehh@hexcheives gianpleswiatssifiesticastypesbeiie smatiay | evel
value) is sensed by those pixels in a detector receiving |light scattered

from the parti 6F big pagclefgubstantighy grthregydimensagnat defeet) small ‘Il!' ig gatteransed by

(e g. Sbr i 10 o sty ¥ Bup ltibnstcial SGEhAE A rOel MomiBiidonsbaifpa il o7 Uo°
al | directions)o detephinecigethetiBe defeQds aisbrattht(Biy ¥Gnngl).cOhOdre Sy Level

sensed by nost or all of the detectors). A pattern type defect in contrast,
dons not subst amay, of tgurss, be vaedald as requised andmppripriatecinchdingansuiknewsr . Thus)
as shown in Fig’ﬁ 4. g pattern type defect will normally give rise to

det ected high SAEFLGAEPENIy a to 2 3 DEC 2002 few of the detectors.
Hence, by way of exagDPhfserlefivehtide’ RirtaASranidiy FROY | FhteRA s bA-tREAFONPar ed
to that of neighbori ngbmssrrbers (42 and 43_7). The irresgﬁtl ar pattern ?41) has
i nclined edgés agtofrationdeféet 5)assifibatiomn (ARMDin &istanmed wated, domprisiagi nci dent beam
will scatter reflec light in.directio 46 and (47), which is detected
as a high intensi ty{aﬁ‘glhgéf’?ﬁ‘fg ‘ﬁ%méﬂﬂqﬁ%gﬁm&dsg’@?eéég’o#)sm(m%&“( 23)
respectively. Wliimsdarhb® éﬂﬁﬁidéﬁ%ngﬂéﬁ@fcﬁ and particle exanples depicted in
Figs. 3 and 4 are, ogﬁ]?ogrse) not binding and nunerous others may be
encount ered i n real(bl)i feasercenilecting lighteseattored fonytheespat by thef atrleastdwost andi ng

the distinction to between pattern and particle type defects. As expl ai ned
above, in or derst“'oe%Péé’sq%FiF&ﬁ'f”é‘éts to certain categories, it is necessary
to identify g xels Qfigbaasdhaiy B fid ebched I SoUsoro AN defictsNie

® 0 rrp?lrl S |§arl1 1 r;? 4

t
literature techniqu r acco g prelimna ef ect detection and a
typi cal, yet notaidwafengnd olassifyingsaididefects intpdistinet defectitypesef erence to is

Fig. 5 I'so U.S.patent no. 5. 699, 442 to. Al unpt i h
or aphi c methon for ﬁ&ﬁﬁarﬂ}%.tﬂ%% B‘P%Pf“r"éﬁﬁ?f‘&’ég&% "%"’5"&? Eisl%htoﬁelﬁi 8\.’\55ai s
constructed by gladtbe: %aic{j Sattefedight being dlie@ed by Raidl adfitidhal b Radt*onk

coordinates in a. first die of an inspected wafer as a function of the gray
| evel val ue of brightfield idetestor agd stid processof appliessaidcanatysisrtatthe seattered

nei ghboring die, ,..n the |gdeal,  case, (;no, defect the two gray |evel values
are equal an#f cM@hﬁFég}'ﬁmﬂaaa‘goﬂéiaﬂl@ﬁPW AB¥s 5 lie on line (5D). Put
differently, the gray,: v : el bt il i ci ssa)
is identical to thea%tr"‘gy e?é@#%@éu‘%#]sﬁ?‘e&gofghpgr%?’%?&éﬁnﬁﬁéﬁz

nei ghboring di eaftofdtio defekt clhssification (ADC) inea seamnedsvafer, t he graph of Fig. 5
wi ||l be gathered 2s around |ine (5020, and nost of themw Il lie wthin the
boundari es (52) andprosessor programmed to perform the steps comprising:




Wien a defect in a fast die is encountered, a significant difference is
detected between the gray |evel values of pixels originating fromthe
defected region in first die and the gray | evel values of the counterpart
11 2 3 DEC 2002 pixels originating fromthe fault |ea regi on?e'é & ?@ond
die (for exanple, pixels 54, 55 and 56 that formpart of a def 33

shoul d be noted that the graphic illustration of Fig. 5 is obtained by
anal yzing results obtained fromone detector) As recalled, encountering s
defects in one detector dues not necessarily inply that the sane defect is
encountered in the r;ecmi;mcrgy%,@gﬁgmqmsﬁeagpm Bed fdagt d (= RTaTeIE
detectors detected the defec ). It should ag%an db?agrrpe?g%e@m%g?%m
exanmpl e of Fig. imdicstiveg of dight scestetsidriiom ghemifer andr detextdthbyjsaid etectdst ect i'ng
suspect ed def ectésrﬁre al so 1o feasible. The follow ng di scussion wl|

assi st in unders ding the specific scattered light attributes utilized

for defect classificgpi ; t e i of_the, inywention, to
wWit: Intensity: for&%%ﬁf%g?{s%c#ags?? iodédtcﬁ;?%getq{ Inagegésc{s She t qro,ancgs is
originating fronglassifyimcdaid aefests sie distfctfefRt typegiat i ng from a defect), sum
the gray level values thereof so as to give rise to a total intensity

val ue. Thus, for exanple, if 5 pixels in the first detector are classified
as originating froma defect, and 6,8, and 5 pixels in respective second
third and fourth detectors are, likew se, classified as originating from zo
the defect, the total intensity value is calculated by summ ng the gray

| evel val ues of the specified 24 pixels. Volune: the total nunber of pixels
suspected of originating fromdefect in at | east one detector. Thus) for
exanple, if a given defect extends over 10 pixels in a first detector) 15
pi xels in the second detector) 17 pixels in a third detector Zs and none in
the forth detector, EBRIBHDESCRIPTIONI@FTHLDORAWENGS: Linearity: this
attribute grades how |linear the array of defective pixels is in each
detector, Thus, if alnlordextelunderstand thecitverftionrandito see how it mante cdafedout | i e

(in a given detector) .on a straight |ine, the linearity | 3 DEC_20p2
Grade Us 1 e e ARG B Pisrotesc crbodibieat Yol naote degribed. e et
linearity orade gegieanes eRRHBRIAY Yyittteferdide foltd SodtiAtvin gy of
t he defect by cogrpari nﬁhgﬁlﬁ*\terﬂ’#es of theﬁots}(ga?‘t:er I %ﬁg écted by
pairs of s radi alhychopposite placed detectors. Having described, in
general, the scattergd Ijght attributes according.to one enbodi nent of the
i nvention, théte fo|f&5fgsaé§£=ﬁ‘bﬁ%ﬂ? i STRPL &%Mﬁﬁ??‘g@m@esaﬁ 7, of
a sequence of stagﬁc{élgssgiraﬁggm ng defect classification. t o It should be
enphasi zed that after having et ected pixels constituting a defect (e.g. by
utilizing the techni figs 2fis B gchefatictbleck diagrdm eof atsysterouacssrdingetaubngi zed
for defect classi fibc Ii% il.st tb'lée‘ wafer is still under inspection (i.e.
"on the fly). Tufm H@“’h q;lpcn 0 a defect (61) is classified_ as Big
(62) or Small is (63Figa6eaGihidalrephédbhtation 6 gt YedteRiPattétna§ détScred®l | er

\gal
or larger than a threshold val'ue B. "In this specific exar% e the threshold

Bis set to 1680 MByr respegtivaicévenlys disdbyted darkt field adetactoss sins tresponsiei ¢d
exploits a first . threshold Tl (,65) aj at distinguishing between a
Particle type deﬂﬁ aa?ﬁﬁ”&‘?’éﬁt&%‘t ype defect (5">). As recalled, a
particle has a subst J 4ligy }ﬁw éﬂ"e.% ey s ad
pa’ater{l hg_s a S;Jtziseiegtneiidill |§E§é#| ma(r?]rs .on%%é)goﬁfég_r% Eo?i:g? ‘teretq;h _
under st andi ng o e gespectiveatvenlyt distribited rdark Heldedetectbrs in Fispons oW ng
a graphic represe{ta,‘iaﬁg of vol une &F‘B‘%{il ssa) vs. intensity (ordinate)
attributes. Di stitHETHRSRDE S AGHETLERE P8t ern and a particle is based on the
observation that for yge 0 Iﬁg@? ' ' imeRifE i@ntiBlixe! s
that consti tu[% a defe t?}i??héaplrfli?en I ?%%%g%é%%‘?%dt‘%d W th angyar icle
is, as a rule, hipgikelsof adefetthat associated with a pattern. This is due to

the fact that particles tend to sgatter_the incident lig in al ]

di recti ons and conseﬁgﬂé 5,3 bip*itgmtIBMSiasseem ‘{]eh’cﬁf' RRors.
In contrast, a pqﬁagr 5%19 e : t i eﬁl?dﬁl';. ng the 13 p
3 DEC 20Q sane vO r?gs Y gne%;’ cgﬁ S tgoggﬁer '§ Hgoédﬁglﬁﬁen ight in

particular directions, so that only sonme of the detectors sense a high
intensity (see e.g. Fib. 3A-B vs. 4). Thus, for a given defect size, a
particle will give rise to a higher intensity attribute than a pattern. s
This observation is clearly reflected in fig. 7, where for "Big" volunes
(i.e. exceeding the threshold B (64)), those defects , |ying above
threshold Tl (65) are classified as particles whereas those residing bel ow
Tl are classified as patterns Thus, for exanple, defects (71) and (72) both
have the sane vol une grading 30, but respective intensity values of 2200 t

NN PN PN




Now) The asymmetry and linearity attributes will assist in refined

cl assification patterns into scratch type defects and pattern type defects.
25 The underlying premise in distinguishing scratches frompatterns is that
scratches are |inear whereas other pattern type defects are ropgdECTI2002
linearity-asynmmetry criterion is applied only to those popul ati ons that
reside between T4 " and Tl.. 14 2 3 DEC 2tb2 Bearing this general
observation in mnd, attention is now directed to Fig. 8, which will assist
in clarifying the distinctions between scratches and patterns. The abscissa

in Fig. 8 is the I|i Il ton.coeffiq ereln.t jodicat erfect
linear and O random%gga tlg%lr %ﬁhlrﬁpﬁcﬁé’n ??ﬁﬁ'ﬂ%? \Ly.lgi gﬁétgl&tdﬁgﬁgﬁgsﬁg%t ry

val ues range frqmiBed %Qa7deﬁ€€c§§§iﬁ6§ﬁbﬁYadéﬁjsi&eghfce@ﬂ%?'a'&@&dﬁﬁcﬂf(B g to
the followng algorithm c expression: I-(A ¥BIC+D) where A, B~are the
intensities det eatbedihentrafdheinventmngenbers of a first pair of opposite
detectors (e.g. 27 gpnd 29, in Fig. 2) and C),,D are the intensitjes detected
by respective marrbe%gg' 1552 SE!"’tPgrfg asymmely v§Jinsantyeatibutesithatip plized ig. 26

and 28 in Figs 2 ﬁgfét‘tsfla.ﬁs?ﬁca‘ﬁéﬁqg%l sis F'Jc@&ke,(a%&rdﬁ%a@ &cf&%ﬂéo?%tg%:gs}et ric

as it scatters light only 1n the ections of one IrT 0O and

virtually does niinveffiegt |[ight in the direction of the other pair. The

ratio A +BIC+tD is thys snall and {he qverall result 1-(A +BIC+tD) i5s)

obvi ously, close toti:gg- igs AcE ?‘Bi’t}?gh\’@a‘ 1R Pk a Sy §temeaceprding {anether i put e

of the defect t i ry grading to 1. In Fig. 8, areas
" EREE St RS ARATHR

(81, 82 and 83) arc aract er gh Linear and asymmetric gradi ng and
therefore defects reqegdiodsthesitiotodd dapiatd off s8ystéih Hcehigme( ROyin Fi 0.
6). Defects residing I's areas (84, 85 and 86) ate Zo characterized by | ow

| i nearity andoa another sinbodiment ofthednvegtion.70) is Fig. 6) and arc therefore
classified as patterns. The rest of the areas (87), (88) and 89) are

equi vocally classified as scratch or pattern. It should be noted that
various nodifications may be applied. Thus, by 25 Way of a non limting
exanpl e, the threshol ds which distinguish between the specified areas (0.2
and 0.5 in the ordinate) and (0.974 and 0.982 in the abscissa may be sot to
di fferent values and, |ikew se, the nunber of areas may be changed, all as
requi red and appropriate. is 2 3 DEC 2~2 T4' serves for fine tuning
decision criteria between big particle and scratches. Thus, all the
popul ati on of defects that reside above T4' is classifies as big particles
(since for a given volunme they generate a very high intensity), whereas the
popul ation that reside between T1 and T4' is s send to the
asymmetry-linearity decision phase for classifying the defects as scratch,
bib particle or not decided (i.e. scratch or big particle). Turning nowto
smal| defects (63 in Fig. 6), due to their small geonetry, it is difficult
to apply the intensity/volume criteria used for big defects to discern
between 3D (particle) and 2D (pattern) defects. Thus, a to second threshol d
T2 (73), serves for distinguishing between snall particle (74) and snal
unknown (75). As before, T2 is determ ned enpirically, dependi ng upon the
particul ar application. Now, the distinction between small pattern (74),
and m cro-scratch (76) obtained according to the asymetric grading, i.e.
symmetric defects :




~s are classified as snmall particle whereas asymmetric defects are
ctassified as mcro-scratches. Due to the small dinension of the defect,
use of the linearity attribute to distinguish between mcro scratches and
smal | particles is unreliable and therefore not used. Those v&BDRE M2t he
art will readily appreciate that the definition of the 20 scattered Light
attributes may be nodified, one or nore attri butes may be del eted and/ or
ot hers may be added, all as required and appropriate dependi ng upon the
particul ar application. Likew se he utilization of scattered |ight
attributes for AVEsSLEDDIRGRETION OF PREFERRED EHMRODBIENT Sipeci fi c
exanples illustrated with reference to Figs. 6 to 8, Put differently, Zs
the attributes may be utilized in a different manner for classifying the
specified defects, qugniak ®© [E. 2,"Rereliasidvid & 3ER ) ik ined, one
or nore classifications ﬁaf{/m[:)e d%l e?gdﬁéngl}?dﬂd o?h%%%oggd%,&gi | as
requi red and appysteni §209)actoriing)toohe mitbiodimentufi the davantioncAschions, a
utilization of at |ast_one Sﬁdwi gnal bri ggﬁ fi,el d detector (not shovvn). By
16 2 3 DEC 2069w &f ‘éqgéc( UENBYES e prpall wegion Of gninspeeted wafer 32

contri butes onl rl 1 r. ©f, .pixels

det ected by thexgértﬁatﬁ'?&#g:t%g%g?&t%? g%:}éd?vﬁkpgkn%t:@o%gggﬁlg@tt%uﬁﬁ gi nate
froma defect) imapbsnie examplyatdoavemidnal 1a3er uwde, Thedndidént i beh Pi xel s
as contributed by the dark s field detectqQrs so as to constitute a vol une

val ue. Thus, th&ontnuenslyseansthe avafen in the s idisectinn (amove @8). dit thiexeadoft hat

f t of a defect. jn,al fi.el tect d ip the bright

el d det ect or . SPHE Sttt 18 atattn S s e B oty N (28D, ydfer e

enbodi ment i §obagpptopdf ishR XU dtigR, 4Ad hd RIS [debRahA¢S in WA RNdFQESR ener gy

reflected fromonly parts of the defect under t o question, bright field
detector is pl acwuil e ertitehwafdr has beenrnganies; oll as knhwa per ke dicar evemw of t he

entire defect, o at | east [ Qr portli er . By this,specific
exanpl e, the bri‘gi‘ﬂ"%megl‘fi’ﬂﬂgleg&gﬁt@ﬁ@é’ %tiég@ﬁffﬁ B{ﬁéa?fg ﬁdd&d%Bﬁ?e e
attributes (int i | d " Mer2 SN Rla égﬂk | e

nodi :‘i gati ogl i S%{Eﬂp&é{a} a%dgga?t;]weef erenidé to E)?ﬁéelr , Egi;%rﬁéz’?%s Bg}‘{li"ggﬁ g.
2, the illum natsubgtahtidly (®@}lap stoi farnuiche detedtion zexdecrTim datection! zona

substantially different than ,90., dig. 10.illystrates yet her non
Tt ing. mod! i GREIGRS htlaminged feelin oliae sGe Ha el ek BRUEAtSIon ¢ he
waf er at as angl N k i c?@ﬂl .pél%ﬁ“;w) rk
field detect org gf;%easte'%?fgéel .@éeantgga%sﬁgggi?ﬁig}?qtgﬁe exp?m at'l ogggf

intensity, 20 vofhnomgh thedstweetioyzened | i nearity characteristics as generally

illustrated and descyibed wth reference to Fig, 6 .nmay be used is a simlar
manner al so for the f‘inﬁl\glFH‘t 'rhﬁﬁg sgattegsd, in ﬁrﬁ?wmio‘?tb?ﬂ? O MRl i s

not obligatory. u t i ! i f s in
the clains are d%ér}g&P%r hg’ogz’eg?eﬁf%&m }_Q,gggg%e pr e@%ﬁ?{ridgve t‘lﬂgjn%%as been
described wit#n acelbcterl andcbegvertedintan electricalrsignal toibe fransatitted dtypically
under st ood that varj ou dificationg and alterati ons may be nad i t hout
departing fromtHe Jé@éﬁze )i 8A; a‘!ﬁﬂ%emﬁ%ng‘;owﬂ%@ QBfrHeY ‘Bﬁl }tAqA?e

fol |l owi ng clairrs',g?'ldgm 3 if'bdokr A mMethod for orb-the-fly
automati c def ecte assdﬁlué%‘?lﬁgﬂ Egg?fg Ina s scannedwaf er conprising: (a)
providing at |east twhhoseavepskdainathe arteviticteadily apprpciatel that Figt L rifusttatesscanned

wafer so as to generate an_llum nag}jng spot incident on, t wafer (c )
col l ecting |ight °§’é’aﬁ‘¥°e‘?‘§c9fﬁ%m§§u§ﬁg‘?‘%dp eﬁtﬁé% pgepdiony {Buss §¥% to

S 2 2oL 265 Sthoblngi veuil“9hh SR o Mhoag ol

defects in said wafer anc i ng sai ts Int inct” defect

type.;. 2. The neiHeeshsdh Fig. 2 foud evenhedisiributed dirk field detctors are showay, theovi di ng
at | east,tw spaced apart dark field detectors. is 3. The gt hod of, Caim
2, wherein said dweeptipn)ischynno MPP%& gC8aitke FBMbEr OFf JLeREPTSy B8 each

detector faces anglbeh HehRChAbbACAAS: HiBSHR8! Tl HoRRRAMY Bl ER O

examples are shown also in Figs. 9 and 10 below.




4. The nethod of Claim2) wherein said step (a) conprises arranging said
detectors in a substantially uniformdistribution around the scanned zo
wafer 5. The nethod of ClaimZ, wherein said step (a) conprises arranging
sai d detectors such that the optical axis of each detector iz_s;;gE@ azing
angle to the surface of the inspected wafer. 6. The nethod of ,
wherein said step (b) conprising illumnating zs the wafer pitch that said
spot is incident on the wafer at a grazing angle to the wafer) Surface.

7. The nethod of O g : A NER v ding, at -

| east one additi ona%%gfﬂ[lg{’%& Bngg?g%atr@lrt{agség?}%%g? P?%ﬁ?ﬁtﬁ%iécgé&ggl | ect ed
by said additi ofttibudds deRedingne dEpatific khblodirt@itestt the iaeemiodi Whichpast ep (b)
and said ~s 2 3 DEC 2002 analysis, stipulated in said step (c), being

appl i ed to the wihtbeeexplainetli bglowc are aseddnpiesdefactadlassificatmn ptockssast one
detector. 8. The nethod of (a.ai mz,ﬁ.uréllfeﬁ %(é%si ng,the steps of

provi ding at | cAREOURMLISRAN (GISREA thFigH O ¥Bel &tapdical seraeseataligns i ght
bei ng col |l ected saifl-addi ti.ona ' |,eh: ctor
according to Sgt%@ig@) s'emang?%a anal éss?étekgﬁfﬁgu?g@g@*%mggﬁ% é@%@ﬁf‘% bei ng
applied to the gaftfiqdeatbiddialtincebpaint a8 inumﬁﬂtﬂgaaﬂgbﬁtt&a@ig?BA!)% ¢ one

detector. 9. The nethod of Caim2 wherein said step for anal ysis tor
cl assi fyi ng def defeet. Jtig|34ishgwscawafer (31)i with apartidkeittype defee adiigred net hod

of Claim9 wherein sai ep for .anal,ysi.s for classifyin efecis utilizing
scattered fight g‘&f‘?t? t@mﬁﬂ&‘? %@@eﬁ)ré"?lg o é‘B ﬁ%k%?tl ‘ile%t}'?dg P@,&CLFQWPC
attributes: sca | ' } Béval ther | \494@{:@ ered
light Iineari tyagﬁsﬁgecb%%egggagp%{d%gyrmet:nre;.ﬁﬁ.ﬁ% Sf_“”glg met ho e;tgg%érdi ng to
Caim1l, wherei 8- danehsidmap (D) gebmetry fofithe paxticlerahd diees irrdgularaaon mirroof t he
follow ng types; snmall_ particle, big partigcle; smal] pattern, big pattern;

smal | scratch, HKe) surfage nhereof, theeMeident dight beam nig sestteredi in Jargher ei n

id st f cl assifyving i ' 4he ' :
S SLep, o ¢! BBl o AR BERmh 1. THGAE RSl \HRCAPES,
bi g scratch. zocAss séstivnal side vivhv ofithe hveafénalong ArA! Thus) eaftd @Syitat cat i on

(ADC) in a scanned wafer, comprising (a) ljight source illum natbns%zs he
scanned waf er sif isident g partiple (3} 18 F‘fﬂﬁﬁ%i‘ﬁ@hﬁéﬁeﬁ’md%ﬂ@(n 2 waf er ;

. (b ) k@R 1S6 fofs , t ot
space oo apdit orier afd 6T, TREhE SAAEFIBTIA, B S0 ifehs Meetb ! | {10,
so as to detect pyahefha eveniyadistrivateddetotors ((@63(27) (28) adi(@9iakeFig 2) nt o

di stinct defect tépes.. 14. The systemof Claim 13) wherein sajd at |east
two spaced apar @nddhe intsnsityh £inqigas of grey level)ps; getected by eash glefgetorion 15.

The system of O, i [ c4Qr . each
detector faces é%nﬂ]agerd #é?é@?'g?'ﬁgg?gg%&s%%@ﬁsﬁgﬁiﬂggggﬁﬂt %?%t o. 16.
The system of Clgraph fepresshes i K-Yainthtrihe tof qiiels and the rdztepesd intensity (Z)
substantially uniformdistribution around _ the scanned Wg;ﬁé s 17. The
system of O ZOmexpressderiai $-biti grafe el oyaue o AF (SWGER T hERCIE e

optical axis of eqt ohy.l ' 3 f the
i nspect ed waf er _(?%g&c%g %ygthéﬁ%?i‘%ﬁ%??&m&#;?é‘%ﬁa?x gl%Flég‘%EEgglu?ed
i1 luminating thejetstdr réceiving lipht scit@raipfromi the ipacticle (¢.g0B6°t inegraglf 36), at a
grazing angle to the wafer to surface, , . L

compared to the energy sensed by those pixels which receive light reflected

from the fault-free flat regions (e.g. 36" in graph 36).

25 Since light is scattered from the 3D particle in all directions, a particle

type defect is detected as a high energy level, sensed by most or all of the

detectors). A pattern type defect, in contrast, does not substantially rise

above the surface of the inspected wafer.. Thus, as shown in Fig. 4, a

pattern type defect will normally give rise to detected high energy in only a

=)

10



19. The systemof Caim 14, further conprising at |east one additional
bright field detector) said scattered; light being collected by said
additional at |east one bright field detector and said processor applies
said analysis to the scattered |ight collected by said addi t4 3rpgc 280! east
one detector. t s 20. The systemof Claim 14 further conprising at |east
one additional bright field detector, said scattered |ight being collected
by said additional at |east one bright field detector and said processor
applies said an sl e att |y } i.t.i onal
at | east one de?éé%t%lf.&glﬁaﬁggéysﬁég#b#yﬁyyl@vﬁgr g%/fﬁ&?a#%l%ggiaﬁ’i zi ng
scattered | i ght ipédulubphean?s doaipaeed @ tiarbimighboibg iFiabersat g 95).C1 ai m
2l) wherein said scattered |ight attributed include at |east one of the

fol | owi ng attri Blrecistegsinatpastesnl (41)dias inpkirgdsedges ($dhandr(d4%) whishf whehune,
scattered |light | ineari nd refl ected l.j,ght as try. .23. The system
accor di ng tlogCI é]ihl?ﬁ‘mté‘il\%% ‘Hc’gﬁ? cag) a‘ehg&ﬁef r%klghté@gﬁ@t@aﬁ ﬁ‘%/@ef ects
into at | east .t f0l: i €8 1Si : ig i i cle;
el 1 pat tern® ERSUT]AGhCR'S QMR b BCBig BB 3 Wb d8) kP o 5 i

14, wherein sai depctmre$26yandqRapmespectivelyai d defects into at |east two of
the foll ow ng types: vés{mll parti¢cle, big aartl le, small pattern, big
pattern; steal! scratWRis;ithe specili¢ patterp and pagiicle examplgs depigted in Figsed f or
on-the-fly auto i e ikl I i e [

Ml La B?gélfrgé,an%‘i bﬁdu‘sﬁ?%%ﬁs’d‘n s dthéts ;i:ga?% &cgﬁit?rjﬁal .

processor programmed to p rmthe conprising: ervimg
fromat |east tug redldifedcemald, byt eeve) ganerally,cor &_hé&lsﬁnéin%'ﬂib 8igfinct@nof
light scattered fromthe wafer and detected by said detecfors; and
anal yzi ng saild Jdiegmegnspattermend partigledype defeetst s in sai d wafer and

I i fyi id defects into,di stinct t t . . 26. Th t f
G sy ng ol ot SrdBha b bl el ool SRR 2L ¢ o
defining a firsty E*H&EW;% iE'degtfiﬁ' Fineld oﬁrgﬁfaﬁﬁg FForh & defRA M HRrOdre Knbwhz! NY

said T1 for classifying sai ects Into parficle type or pattern type;

27. ' The syst emiofth€llis¢ratias techinisgues forsadcampliskinginrelimunary defgctedetectionbut es

are further utilized far def]ni secand thresh (Td)...sal.d processor
i s capable of ut i%i%"@‘g#&{ o 4&&@‘?%?{5%% %gg#i?léeég?tpeﬁ“#ﬁet& s into
pattern a typg Ciﬂé?Stse@ralﬁfUéﬂlﬁiiedt)ﬂ@.es,@?,%vtoﬂ.&;ma'i)e system of O ai m 26,

wherein said intensity and volume, attributes are further utilized for
defining a second t hrEsiselFig. (5rahows ai graphie sasatladh fori identifising| pixels fiom ki zi ng
said T4 for classifyi sai tti.cle fec i nto b artigle, type or
scratch/ particl e‘fef?f%‘efgeegﬁgg 0%‘829.‘5 ‘%‘";’é@"&@é&l’g‘?g@ Q?rﬁ%?z‘f"*’éﬁé%“& ®sai d
processor utili zggelSRA¥in@ (¢ Edoordifites i ACfkt die af lahi isPetRdfWafef haasai fyi ng
pattern type defiect into scratch type defect or pattern type defect; said
processor  furt hefunetion jofesthsagry aleyeinvalng ofndthei pixek havingithe iseue et ¥)or

g'la?‘ A fA}o(:J o gﬁg&@ﬁgﬁf&%&&hﬁﬂé QieP B tHeuBal ' 0S (26 aShF il b By def eat -
. AUY. A3(3. A. An" . 1eyélWAlues afe Adid] add todvequently.aldBe poitiarGraph 3| licon line

a7 Cal AT AU boOBbaPUCGRTSR o8 ORIV i of e pte o it s (e

Df G+04<r >bj | ga\.
a] oa] ca] oal cal canddrink e R Al dRiaE HoRbaRu FAE R (e neghsdig™2) 2) ©
$-} xsni d_Y] U ca] gR] eadisatky. 2Jit fdatif] ¥0d peihSahand gabhadfIag chhimbe ghtwteda] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]caJcal-v> .
113" """ 64 ###2%CRoesadine58), andconost' of theguwsittnlis withinathe Hovadasiesy/ (3] avd] ca] ca]
ca] ca] ca] ca] ca] C@?’Sa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal
((N))) @***B+"+¥¥) - Y- - - - - & w. ../ II@f{vqgl gb] X]]ca]ca]ca] ca]ca]ca]ca]c
Tta @VO00TRLXLC 1L 220 BT B R e T ca
ca] ca] ca] ca] ca] cdteafedabetnieen] the Ljrey] lewtl] valjies jof afixell carjginatingafrom| thev] ca] ca
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It should be noted that the graphic illustration of Fig. 5 is obtained by
analyzing results obtained from one detector. As recalled, encountering
5 defects in one detector does not necessarily imply that the same defect is
encountered in the remaining detectors (see e.g. Fig. 4 where only two

detectors detected the defect).
It should again be emphasized that the example of Fig. 5 is by no
means binding and other techniques for detecting suspected defects are also

10 feasible.

The following discussion will assist in understanding the specific
scattered light attributes utilized for defect classification according to one
embodiment of the invention, to wit:

» Intensity: - for all pixels classified by at least ome detector as

15 originating from a defect (or suspected of originating from a defect),
sum the gray level values thereof so as to give rise to a total intensity

value. Thus, for example, if 5 pixels in the first detector are classified

as originating from a defect, and 6,8, and 5 pixels in respective second

third and fourth detectors are, likewise, classified as originating from

20 the defect, the total intensity valus is calculated by summing the gray
level values of the specified 24 pixels. Volume: the total number of

pixels suspected of originating from defect in at least one detector.

Thus, for example, if a given defect extends over 10 pixels in a first
detector, 15 pixels in the second detector, 17 pixels in a third detector

25 and none in the forth detector, the volume attribute is 10+15+17=42.

. Linearity: this attribute grades how linear the array of defective
pixels is in each detector, Thus, if all pixels suspected of originating

from a defect lie (in a given detector) on a straight line, the linearity
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grade is I. As the array of pixels deviates from a straight line, the
linearity grade decreases
° Asymmetry: this attribute grades the symmetry of the defect by
comparing the intensities of the scattered light detected by pairs of
5 radially opposite placed detectors.

Having described, in general, the scattered light attributes according to
one embodiment of the invention, there follows a description, with
reference to Figs. 6 and 7, of a sequence of steps for performing defect
classification.

10 1t should be emphasized that after having detected pixels constituting
a defect (e.g. by utilizing the technique of Fig. §), the specified attributes
are utilized for defect classification whilst the wafer is still under inspection
(i.e. “on the fly).

Turning now to Fig. 6, a defect (61) is classified as Big (62) or Small

15 (63) according to whether its volume attribute is smaller or larger than a
threshold value B. In this specific example the threshold B is set to 16. For
“Big” defects (62), a further analysis step which exploits a first threshold T’/
(65) aims at distinguishing between a Particle type defect (66) and a
Pattern type defect (67). As recalled, a particle has a substantially

20 three-dimensional geometry, whereas a pattern has a substantially
two-dimensional geometry. For a better understanding of the foregoing,
attention is now directed to Fig. 7 showing a graphic representation of
volume (abscissa) vs. intensity (ordinate) atiributes. ﬁisﬁngﬁsﬁng
between a pattern and a particle is based on the observation that for a given

25 volume attribute (i.e. number of pixels that constitute a defect), the intensity
grade associated with a particle is, as a rule, higher than that associated with
a pattern. This is due to the fact that particles tend to scatter the incident
light in all directions and consequently, a high intensity is sensed in all
detectors. In contrast, a pattern type defect of the same size (i.e. having the
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directions, so that only some of the detectors sense a high intensity (see e.g.
Fig. 3A-B vs. 4). Thus, for a given defect size, a particle will give rise to a
higher intensity attribute than a pattern.

5 This observation is clearly reflected in Fig. 7, where for “Big”
volumes (i.e. exceeding the threshold B (64)), those defects lying above
threshold T/ (65) are classified as particles whereas those residing below T/
are classified as patterns. Thus, for example, defects (71) and (72) both
have the same volume grading 30, but respective intensity values of 2200

10 (below threshold TI) and 6800 (above threshold TI). Accordingly, the
former is classified as a pattern and the latter a particle.

Reverting now to Fig. 6, T4 (68) provides an additional fine tuning

tool. Thus, T4 can be placed between the abscissa and T1(designated 74"’

in Fig. 6) or above T1(designated 74’ in Fig. 6) . In the former option, 74"’

15 assists in discerning between scratches and patterns, Thus, all the
population of suspected defects that reside below T4'’ is classified as
patterns (70 in Fig. 6) whereas the population of patterns that reside
between T4’* and T/ is subject to further analysis in order to distinguish
between pattern and scratch. (see below). This decision criterion is based on

20 the assumption that for a given volume, patterns will generate lower
intensity than scratches and therefore all those population who generate low
intensity for a given volume (i.e. they reside below T¢").

Now, The asymmetry and linearity attributes will assist in refined
classification patterns into scratch type defects and pattern type defects.

25 The underlying premise in distinguishing scratches from patterns is that
scratches are linear whereas other pattern type defects are round. The
linearity-asymmetry criterion is applied only to those populations that
reside between 74’ and TI.
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Fig. &, whjc(h will assist in clarifying the distinctions between scratches and

patterns. The abscissa in Fig, 8 is the linear regression coefficient wherein 1

indicates perfect linear and 0 random scattering. In the graph of Fig. 8, the

5 asymmetry values range from 0 to 0.7. The asymmetry value is obtained

according to the following algorithmic expression: 1-(4 +B/C+D)

where 4, B are the intensities detected by respective members of a first

pair of opposite detectors (e.g. 27 and 29.in Fig. 2) and C, D are the

intensities detected by respective members of a second pair of opposite

10 detectors (e.g- 26 and 28 in Fig. 2).

Thus, for example, defect (41) in Fig. 2 is asymmetric as it scatters

light only in the directions of one pair of detectors and virtually does not
reflect light in the direction of the other pair. The ratio 4 +B/C+D is thus
small and the overall result 1-(4 +B/C+D) is, obviously, close to 1.

15 Accordingly, the more asymmetry is the attribute of the defect the

closer is the asymmetry grading to 1.

In Fig. 8, areas (81, 82 and 83) are characterized by high linear and
asymmetric grading and therefore defects residing therein are classified as
scratches (69 in Fig. 6). Defects residing in areas (84, 85 and 86), are

20 characterized by low linearity and a high symmetric grading ((70) in Fig. 6)

and are therefore classified as pattems.

The rest of the areas (87), (88) and 89) are equivocally classified as

scratch or pattern.

It should be noted that various modifications may be applied. Thus, by

25 way of a non limiting example, the thresholds which distinguish between
the specified areas (0.2 and 0.5 in the ordinate) and (0.974 and 0.982 in the
abscissa may be set to different values and, likewise, the number of areas

may be changed, all as required and appropriate.
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scratches. Thus, all the population of defects that reside above 74’ is
classifies as big particles (since for a given volume they generate a very
high intensity), whereas the population that reside between T1 and T4 is
5 send to the asymmetry-linearity decision phase for classifying the defects
as scratch, big particle or not decided (i.e. scratch or big particle).
Turning now to small defects (63 in Fig. 6), due to their small
geometry, it is difficult to apply the intensity/volume criteria used for big
defects to discern between 3D (particle) and 2D (pattern) defects. Thus, a
10 second threshold T2 (73), serves for distinguishing between small particle
(74) and small unknown (75). As before, T2 is determined empirically,
depending upon the particular application.
Now, the distinction between small pattern (74) and micro-scratch
(76) obtained according to the asymmetric grading, i.e. symmetric defects
15 are classified as small particle whereas asymmetric defects are classified as
micro-scratches. Due to the small dimension of the defect, use of the
linearity attribute to distinguish between micro scratches and smalil particles
is unreliable and therefore not used. - -
Those versed in the art will readily appreciate that the definition of the
20 scattered light attributes may be modified, one or more attributes may be
deleted and/or others may be added, all as required and appropriate
depending upon the particular application. Likewise, the gﬁlization of
scattered light attributes for classifying defects is by no means bound to the
specific examples illustrated with reference to Figs. 6 to 8, Put differently,
25 the attributes may be utilized in a different manner for classifying the
specified defects, one or more of the classifications may be modified, one
or more classifications may be deleted and/or others may be added, all as
required and appropriate. One, non-limiting, ’modiﬁcation concerns
utilization of at least one additional bright field detector (not shown). By
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this specific embodiment, the bright field detector contributes only to the
volume attribute in that the number of pixels detected by the bright field
detector (and which are suspected to originate from a defect) is summed to
together with the counterpart numbers of pixels as contributed by the dark

s field detectors so as to constitute a volume value. Thus, the volume attribute
will consist on the sum of pixels that form part of a defect in all the dark
field detectors and in the bright field detector. The utilization of the bright
field by this specific embodiment is based on that unlike dark field
detectors, which sense energy reflected from only parts of the defect under

10 question, bright feld detector is placed above the defect and therefore has a
clearer view of the entire defect, or at least a major portion thereof.

By this specific example, the bright field detector does not contribute
to the other attributes (intensity, linearity and asymmetry).
Another non-limiting modification is illustrated in reference to Fig. 9,

15 where unlike Fig. 2, the illuminating beam (90) is incident on the wafer at
an angle o substantiaily different than 90°. Fig. 10 illustrates yet another
non limiting medification where the illuminating beam (100) is incident on
the wafer at an angle o substantially different than 90°, and only two dark
field detectors are utilized. Generally speaking, the exploitation of intensity,

20 volume, asymmetry and linearity characteristics as generally illustrated and
described with reference to Fig. 6 may be used in a similar manner also for
the configurations of Fig. 9 and/or 10. This, however, is not obl@gatory.

It should be noted that designation of order of steps in the claims are
done for convenience only.

25 The present invention has been described with a certain degree of
particularity but it should be understood that various modifications and
alterations may be made without departing from the scope or spirit of the
invention as defined by the following claims:
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1. A method for on-the-fly automatic defect classification (ADC) in a
s scanned wafet, comprising:
() providing at least two spaced apart detectors;
(b) illuminating the scannedwafet;so as tv generate an illuminating spot
incident on the wafer;
(c ) collecting light scattered from the spot, by the at least two spaced

10 apart detectors; and
(d) analyzing said collected light so as to detect defects in said wafez and
classifying said defects into distinct defect types.
2. The method of Claim 1, wherein said step (2) comprises providing at
least twa spaced apart dark field detectors.

15 3.  The method of Claim 2, wherein said step (a) comprises arranging said
detectors such that each detector faces another detector located substantially
opposite thereto.

4.  The method of Claim 2, wherein said step (a) comprises arranging
said detectprs in a substantially umiform distribution around the scanned

20 wafey ‘

5.  The method of Claim 2, wherein said step (a) comprises arranging
said detectors such that the optical axis of each detector is at a grazing angle
to the surface of the inspected wafex

6.  The method of Claim 2, wherein said step (b) comprisine illuminating

25 the wafep such that said spot is incident on the wafer at a grazing angle to the
‘wafer surface.

7. The method of Claim 1, further compriping the steps of providing at
least one additional bright field detector; scattered light being collected by
said additional at least one bright field detector according to step (b) and said
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s said additional at least one bright field detector according to step (b) and <aid
analysis, stipulated in said step (c), being applied to the scattered' light
collected by said additional at least one detector.
9.  The method of Claim 2, wherein said step for analysis for classifying
defects utilizing scattered light attributes, '
1o 10. The method of Claim 9, wherein said step for analysis for classifying
defects utilizing scattered light attributes includes at least one of the following
attributes: scattered light intensity, scattered light volume, scattered light
linearity and teﬂected {ight asymmetry.
11. The method according to Claim 1, wherein sa1d step of classxfymg
15 includes at least two of the following types: small particle, big particle; small
pattern, big pattern; small scratch, big scratch.
12. The method according to Claim 2, wherein said step of classifying
includes at least two of the following types: small particle, big particle; small
pattern, big pattern; small scratch, big scratch. _
20 13. A system for on-the-fly automatic defect classification (ADC) in a
scanned wafer, comprising:
(a) light source illuminating the scanned wafer so as to generate an
illuminating spot incident on the wafer;
(b ) sensor collecting light scattered from the spot by the at least two spaced
25 apart detectors; and
(c) processor apalyzing said collected light so as to detect defecs in said
wafer and classifying said defects into distinct defect types.
14. The system of Claim 13, wherein said at least two spaced apart detectors
being of dark field type.
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15. The system of Claim 14, wherein said detecters are arranged such that

each detector faces another detector located substantially opposite thereto.
16. The system of Claim 14, wherein said detector are arranged in a
substantially uniform distribution around the scanned wafej;

5 17. The system of Claim 14, wherein said detectors are arranged such that
the optical axis of each detector is at a grazing angle to the surface of the
inspected wafef.

18. The system of Claim 14, wherein said light sourcq illuminating the wafez

such that said spot is incident on the wafex at a grazing angle to the wafer
to surface.

19, The system of Claim 14, further comprising at least one additional

bright field detector; said scattered: light being collected by said additional at

least one bright field detector and said processor applies said analysis to the

scattered light collected by said additional at least one detector.

15 20. The system of Claim: 14, further comprising at least one additional bright
field detector; said scattered light being collected by said additional at least
one bright field detector and said processor applies said analysis to the
scattered light collected by said additional at least one detector.

21. The system of Claim 14, wherein said utilizing scattered light attributes

20 for said analysis.

22.  The system of Claim 21, wherein said scattered light attributes includey
at least one of the following attributes: scattered light intensity, scattered light
volume, scattered light linearity and reflected light asymmetry.

23.  The system according to Claim 14, wherein said processopclassifies

25 said defects into at least two of the following types: small particle, big
particle; small pattern, big pattern; small scratch, big scratch
24. The system of Claim 14, wherein said processor classifies said defects
into at least two of the following types: small particle, big particle; small
pattern, big pattern; small scratch, big scratch,
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analyzing said signals 50 as to detect defects in said wafer and classifying said
defects into distinct defect types.
26. The system of Claim 22, wherein said intensity and volume attributes

10 are utilized for defining a first threshold (T1), said vrocedser is capable of
utilizing said T1 for <lassifying said defects into particle type or pattern type;
27. The system of Claim 26, wherein said intensity and volume attributes
are further utilized for defining a second threshold (T4); said processor is
capable of utilizing said T4: for classifying said pattern defects into pattern

15 type defect or scratch type defect.

28.  The system of Claim 26, wherein said intensity and volume, attributes
are further utilized for defining a second threshold C4); said procéssor is
capable of utilizing said T4 for cla‘ssif);i'ng said particle defects into big
particle type or scratch\particle type defect.

20 29. The system of Claim 22, wherein said processor utilizes said
asymmetry and linearity attributes for classifying pattern type defect into
scratch type defect or pattern type defect; said processor furthet utilizes said
asymmetry and linearity attributes for classifying particle type defect into
particle type or scratch type defect.
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