METHOD AND SYS IEM FOR WAFER REGISTRATION RELATED APPLICATIONS [1] This
Application claims priority from US provisional patent serial number 61/322,856 filing date April 11,
2010 which is incorporated herein by reference. BACKGROUND OF THE INVENTION [2] Most of the
known wafer top near edge inspection and metrology systems utilize propriety, dedicated scanning
stage (usually R/T type) and a camera located at approximate known location of the wafer edge. [3]

Figure 1 illustrates a priov@tEOBA D SYSTANCKAR W FFRURBENSURAGE®ML is made of a
non-reflective material and does not provide a proper contrast to the edge of a wafer that is placed on

the chuck. Figure 1 illustrates the chuck as including as array of vacuum openings and a recess 12 for
receiving a wafer interface. [4] FigurREIASEEA PRIIPEAIAONRal view of a prior art wafer 20. While

figure 2 illu s a relatively ordered wafer ed e that ingcludes linear surfaces - ractlce the edge
surface is uﬁ@ﬁ fgff)r 8 l?giﬁ?ﬂecfafﬁﬁ%tpa}g 4N E‘HBe@grfB'é@”ﬁ?“ﬁip@éWI SEPEc8YUBEw bevel
surface 23, AIppET, e56ifinned surigerd BLarevandsiwadoasoiaedaisesm By ametaf¢hat are positioned
above each other and have different reflective indexes. The first layer 28 can be relatively bright while

the second layer 29 can be relatively dark. [5] Most of the inspection systems are dedicated for wafer
edge inspection only. [6] Other BAEKIGROTIND O THI INVENIIONS are mainly intended for
patterned viaéegr a rMa ins ectl - an a a with a well deflned erlod é_é)attﬁrn (fleld/dlce%e
inspection %Bﬁ’c Bre B ﬁﬁf‘ﬂqs}]g‘?fp )}lasé\‘?ﬁ TP St Eidie field/die
geometry apﬂ;plﬁetyyeaajmmty appligiddo sael@exmﬂnglf;el@sﬂdlct;epeI?]ai[Ji]eaoafzttﬁématIafﬁtah(hadditionally
or alternativel rned afer ed are do not exhibit previously mentioned geometry. [8]
Therefore, ﬁ?gré’éffé) JFe ‘é%té%nlﬂggfé%% $4¢&m and methods (aigorithms) can not be applied

per se to thﬁ)%]feF@,ﬁhge dilritadiee updefinedigetmeiryhef dheckdgehVaiapyer, sﬁlﬂﬁ@&tkhﬁt\/ﬁ/@fer edge
geometry varla Cg each Wﬁfer the men |on§(‘jd eomet c n not be trained. IE st ?gthe wafer
inspection SYTEMS LPSHENG He G ELIsH Pt 9‘9 8°§ WS FoPHRRRTE GRS 4 /ﬁ Atation.

Pre-aligningvafisteims jnposity integratddoitRigatet Iﬂlammﬂiﬂn@s nbbaticslats iimkdiapsisming with respect
to overall wafer ins ectlon c%l%Je SUM 6[0010 A method fo wafer registration, the method may

include: mo‘(nﬁ%‘%l W RS stsage an agbvdl agv\vl\e}affrelrne &%rea images; and processing the

wafer edge[afda nﬁ@m 2oillosatecan edge aictienavafier [GDibh’Bhemﬂﬁmdzmawmmm@meZectmg a
notch or a MGs ra%gse aerg%%\(fgl}t/ho%&lg c? wafer edge that includes linear surfaces - in practice the edge
surface is usually deformed. Figure 2 illustrates an edge surface 21, top bevel surface 22,
low bevel surface 23, upper and lower surfaces 24 and 25 as well as two layers 28 and 29
that are positioned above each other and have different reflective indexes. The first layer
28 can be relatively bright while the second layer 29 can be relatively dark.
[005] Most of the inspection systems are dedicated for wafer edge inspection only.
[006] Other wafer inspection and metrology systems are mainly intended for patterned
wafer area inspection — an area with a well defined periodic pattern (field/dice). The
inspection area and an applicable algorithm is explicitly defined by user with respect to
single field/die geometry and then repetitively applied to all existing fields/dice.
[007] The partial pattern and additionally or alternatively, un-patterned wafer edge areas
do not exhibit previously mentioned geometry.
[008] Therefore, the patterned wafer area inspection system and methods (algorithms)
can not be applied per se to the wafer edge due to the undefined geometry of the edge.

Moreover, since the wafer edge geometry varies for each wafer, the mentioned geometry

can not be trained.



[0012] The method may include determining a wafer alignment based on at least one of a location of
the edge of the wafer and a shape of the edge of the wafer. [0013] The method may include defining
an expected location of at least one wafer layer edge based on a location of the edge of the wafer.
[0014] The method may include placing the wafer on a chuck that may include a reflective element that
is positioned such that an inner portion of the reflective element is concealed by at least the edge of

the wafer apgban quigk porievafdhmipilertiveyslament igsnondedneaalgddoyititnyaiateiRdio] The
reflective element may be a mjrror. [0016] The method may include proc_essin% the wafer edge area

images to IGESHS a¥ s PO/ (AP RN Bl J SHREER N NSRS B B Ye e e WYY 4R differs
from the edgaefitiaedbyets RO liflcIdmsmathoshmaipetudeodetatingeaitepsiione pfighe edge of the
wafer and the wafer layer edge by performing at least one out of: iterative application of edge driven
cross bilateral filtering combined with grayscale morphologic operators; and application of differential
operators including but not limited to convolutguMaIaR¥perations and morphologic derivatives. [0018]
The metho include detecting at least one of the edge of the wafer and the wafer layer edge by at
feaat one of BRI DAoL SR SaHA B LR A 8 o A o1 BBl Kos cgen
according tyegge dii¢atiquiahinioirentidre dleatinadian; seastycanthintiessedqiopsgang mexgiag broken
edge segmenet)s into a chgrgbjéwEﬁd edge segment including polar interpolation and extrapolation in the
gap areas. [BOISTHESHRSROE A Fhiclude detecting at least one of the edge of the wafer and the
wafer layer [©0¢&] ophapidytiog maancdidi éetddong b itactsterntinyish weliog: off ity watkability outliers;
and interpolatin areas between e segments usi olar interpalation based on the
cmerging chulta LR B o S HE R GV, BRI LG bR A0H Bhbt o
location of tlveatidg®hthalpeade irndadeiasrtioshapdlod llensd enef Wiafeafayer edge to an inspection
system. [00 methqd may include sending information about a location of the edge of the wafer
R G BN She R e e e e
include obtatfinbasafenaedgeadmeaitageobdiliferedtresolution; and processing the edge area images
of the differept resolution to locate an edge af the wafer. [0023] The method may include obtaining by
the cameral IO L8 e R i R Ak el Bt citer

from wafer elddge@reéas is godifisoed ssthgliheandnredgerasead inagésdivdeleaicdeiecisd@02t] The

method mag mciltlude S(Endl eV\é?ft red mfo&matlon about a lo |one%feyt1.e edge of the wafer to an

. . [$ d % water an iln uter pprtion of the ve element bs n?n— .
Inspection system. e method may Include sending warer edge inftormation about a location of

the edge ofdivesubdébialee mefealogy system. [0026] A method, comprising: moving a wafer, by an X-Y

stage, whil inng wafer.edge area images:; and processing the wafer edge area images to locate
an edge ofi@c\ﬁlﬁéﬂrgarﬁg %{15?0%? ee}lrtlftgrar%agﬁgnmrlgg ed to a metrology process or to an inspection
process or beih6]Thhs tiehoxb cegsing winpbecessizg dhfo meteistdatiaineanohdgeoth doqatr posest [0027]

The method, may. iaclide deining & 8aS OhNRISRE RAREGrNA/ACRIRA QHNG £aq% I g Warer

the layer.

[0017] The method may include detecting at least one of the edge of the wafer and the
wafer layer edge by performing at least one out of: iterative application of edge driven
cross bilateral filtering combined with grayscale morphologic operators; and application of
differential operators including but not limited to convolution kernel operations and
morphologic derivatives.

[0018] The method may include detecting at least one of the edge of the wafer and the
wafer layer edge by at least one of: extraction of edges vector data including configurable
segmentation of continues edges according to edge directional information, fluctuation
severity and intersections; and merging broken edge segments into a combined edge

segment including polar interpolation and extrapolation in the gap areas.



[0028] The method may include defining areas of interest based on a location of the edge of the wafer
and an expected location of a wafer layer edge that differs from the edge of the wafer. [0029] The
method may include associating a processing algorithm for each area of interest, wherein at least two
areas of interest are associated with different processing algorithms. [0030] The method wherein at
least one processing algorithm is an inspection process. [0031] The at least one processing algorithm

is a metrology PP I@ssmiIRSR e foridodetaymi GlURase Rl b0z neeiolaaydeges ainHormation
obtained from the wafer edge area images. [0033] The method ma¥ include applying an jnspection
?&ﬁ%i

process on Y¥mAakgh RE IR BITIR ARSI g e a A R GRS B3 4Y R e MBS0 8 Y include
obtaining byibsiigesaiatierinanesgelaneg ifapgesiandnacssiagstimenicninn-edomarea
images to detect iefec%%OOSS A sg}stem, that may include: a camera; an X-Y stage for moving a
wafer; wher8ifi e E8Mh B el LB G S A GRS 98 ge area images: and a processor that
may be arrgogz Oheractissdtienyvalauedgeanangaiimagesica kiwalicadodee of the sugéess [B836] The
processor may be arranged to detect a notch or a line of the edge of the wafer. [0037] The processor
ey bo B RS BRSO A, BHLH 6 ACIBUSPEH b 6ation of he eage of the
wafer and g@bmpe THeheeetgenoithe Wwadere {@gShfohe procassor iMayabernsrihgedde cefiize an
expected Io‘gf%%on o{{ aL(Iéeast onée waggr layer eg%i based on a location of the edge of the wafer. [0039]
The system YAy HAABARS ARG F‘ﬁgéeir‘i@ A FHHEEHO STEHEREYREE ¥ bositioned such that an
inner portiofoof2herheflaetivel elameotugecomaeralgdlbyeatResirtadmags of thtfenaliereasidian;outer
portion of the reflective element is non-concealed by .the wafer. 50040] The reflective element is a
mirtor. [00#HOTRSSTORES DT 7185 BESIPHSES to 5 LTS TSR RAG d S SR b Wibate at

least one watgedayer edge that is proximate to the edge of the wafer and differs from the edge of the
layer. [004 processor may be arranged.to detect at least one of the edge of the wafer and the
water ayer B0 by B PETIANG 8 [RALES R e A AR S GFar DS bilateral
filtering conbinedgwithegraitaapte merpinaegiodperatatsit aditfapplicationfal differantial opatchtors

including but not Iimitﬁg to convolution.kernel o eratioe§ and morphologic derivatives. [0043] The
e

processor rﬁf’fyc %Séné%raﬁgné)g TS el tE A 896 6t t e(—:'Cctisg‘;e of the wafer and the wafer layer edge by

at least ong/ @24k factiantiobd dggsindatier dathnig) chatingdxeniiderabliesabgone athitan @f cdrinues edges

according to({ed%? (fjlirect' ngl information, fluctuation severity and intersections; and merging broken
€ n%e the water, to an mspection s%sterfl. . . . . .
edge segmens into a combined edge segrment including polar interpolation and extrapolation in the

gap areas. [002%] The prethedsoayriaylid armalige ovided etiet iafdeastion aefuthe locg®oithéavafer and
the v_vafer Ia?%g%?%e%a?&‘%%ﬁ%e%& (%cg{osrér/lslge?g Hough tr_ansform, wlth culllng_ of low probability outliers;
and interpolatmg gap areas between etge segiments using a polar interpolation based on the
emerging cil@uiaralliptiched) utiompiSid5 nbivéenprocessorimay be Yrsaggedidseaghirifgrwaféon about a
location of thde ed(rzlee of the v_vafe(f and a Iocatf'lon offthe clleast one wafer Ia)fer ?dge tgan i?§gection
system. edge area images; and processing the wafer edge aréa images to Jlocate dn edge of the

wafer and to provide information related to a metrology process or to an inspection process

or both. Thus the processing can be utilized for registration and for other purposes.

[0027] The method may include defining areas of interest based on a location of the edge

of the wafer.

[0028] The method may include defining areas of interest based on a location of the edge

of the wafer and an expected location of a wafer layer edge that differs from the edge of

the wafer.

[0029] The method may include associating a processing algorithm for each area of

interest, wherein at least two areas of interest are associated with different processing

algorithms.

[0030] The method wherein at least one processing algorithm is an inspection process.

[0031] The at least one processing algorithm is a metrology process.
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[0046] The processor may be arranged to send information about a location of the edge of the wafer
and a location of the least one wafer layer edge to a metrology system. [0047] The processor may be
arranged to obtain wafer edge area images of different resolution; and processing the edge area
images of the different resolution to locate an edge of the wafer. [0048] The processor may be
arranged to obtain wafer edge area images of different resolution; and processing the edge area

images of theodifferaptfeapiutianytenacateppleage.ahtiewaiesrd084 AnT hessamasa sdayed arranged
to obtain non-edge areas images, wherein non-edge areas images are images of areas that differ from
wafer edge 5PBREC YIS HEBR6 essor may be arranged to process the non-edge areas

images to detgsd] deiectse(@2b]aY hiecRi@cepsBinpay e picang pebtesenfinfafaaadgebifpraation
about a location of the edge of the wafer to an inspection system. [0051] The processor may be
arranged to SEREGARIFLTHES HF3rMA8Gh about a location of the edge of the wafer to a metrology

system. [00BRBThe Ry agebse hnAihbR & get b elinearaasvafdnipiest fased pragdgeation of the
edge of the Wafer..éOO 3&The fErocessor may be arr n%ed Jo define areas of interest based on a
location of OSSR hEANARPLAIES ATEX JBRESS (o dakshist s Wafer layer edge that differs from the
edge of the[oeEey. J08RAINT hRapiasgsscndaay bamritanged 10 assotiaiae pioasssiag algesithm for each
area of inte[r%s(,)t, wherein af least two areas of interest are associated Wiﬂj different [processing

algorithms. {H0SBY THESY Ié%gfrgﬂ%eﬂr@c%%ﬁﬁ KRYeHitaT & sh LsSeABA HRICSESO[dBRE Fhe at least
one processingralgaittopiscassay olofy aracesa.ifgbyiolbeapracedgoomay wafaranged to apply a

mztroblogy Tﬁgﬁgﬁgﬂg informgtion optained frgm %16 Waferteﬁj%e a}r;ea ig@%eaﬁ%O%?ﬁ} TQf rocessor
y be arranged 0 SR AR ThEREATHBPSEELR SR ANSHSH DEEGRe B Trom e Walkt' Edge area
imag es. B_R[I(EBD BS%C Bﬂd&b&m«l 1y Bl Enla@w\/dcb\l&}c&lﬁaa@a Wm&suﬁ@qﬁm&ﬁagetegﬁrﬁadaas t_hg _
T mvenihe AGAGURH B s e S Ao APl Sy her with objects,
features, arjd(38yariagesthsreniyymabhesidiee deinstaodxpydedckendernofieléatiowin gy setailed
description When feaf M NS ACHEmRI NG ARGR Jpyhich:

[0039] The system may include a chuck that may include a reflective element that is

positioned such that an inner portion of the reflective element is concealed by at least the

edge of the wafer and an outer portion of the reflective element is non-concealed by the

wafer.

[0040] The reflective element is a mirror.

[0041] The processor may be arranged to process the wafer edge area images to locate at

least one wafer layer edge that is proximate to the edge of the wafer and differs from the

edge of the layer.

[0042] The processor may be arranged to detect at least one of the edge of the wafer and

the wafer layer edge by performing at least one out of: iterative application of edge driven

cross bilateral filtering combined with grayscale morphologic operators; and application of

differential operators including but not limited to convolution kernel operations and

morphologic derivatives.

[0043] The processor may be arranged to detect at least one of the edge of the wafer and

the wafer layer edge by at least one of: extraction of edges vector data including

configurable segmentation of continues edges according to edge directional information,

fluctuation severity and intersections; and merging broken edge segments into a combined

edge segment including polar interpolation and extrapolation in the gap areas.



[0060] Fig. 1 illustrates a prior art chuck; [0061] Fig. 2 is a cross sectional view of an edge of a prior art
wafer; [0062] Figs. 3 and 4 illustrate a chuck according to various embodiments of the invention;
[0063] Fig. 5 illustrates a circular X-Y registration and alignment scan according to an embodiment of
the invention; [0064] Figure 6 illustrates multiple wafer area images according to an embodiment of the
invention; [0065] Figure 7 illustrates a synthetic wafer edge image and an edge image according to an
embodimenofighertwpriiessodlORasIbeig Snietsttatrta mataodacerdingdgear amhedinant of the
invention; [0067] Fig. 9 illustrates a method according to an embodiment of the invention; [0068] Fig.

10 illustrate9% WEERJAYSECSiRYy BPRY B BothRdSA A dHas TR GoBeT Big U8 95 HStes a
method acqashmgliey asugimRodimenteponei gy emsion: {0 BEo) &g wexd 2 dlnsiraiessmsagtpoiean pattern
according to an embodjment of F%?‘f invention; fEO%;l{iFigure 13 illustrates various areas of interest
according tSFRSHL VBT AL S CREFENA GEHBREURESO8 ¥ Big. 14 illustrates a system according to
an embodimentsofthe pryaRtianmige3)tawitbe spnieciateddbativusinpliynastdteadpe of illustration,
elements shown in the figures, havgg%(y necessag%/{}lleen drawn to scale. For example, the dimensions

of some of {18 B ARLAISHHRR QL Ers QR MRS ST QIBRERRE I LIS Further, where
considered @opeppliateprietstenaenbaeralgdday Kedepated amdogttheligivestchineligates
corresponding or analogous elements. DETAILED DESCR PTION OF THE PRESENT INVENTION
10072] 1 thATOTBFHAG IR LRI, SRS VaSE BL e SAMUSISREORHH in order to provide a
thorough undetsilanaingrofdied nientienahtoweveas ishadlhbedfededgoactbyiitgse skilléfteiarthe art that

th ti ti b ticed without th ific details In other inst , well-k
methods, prERNATLL ROV RE R R A0 BB CHIGET S50 B HUPlod GEBire the

present inventianwid&75] According to an embodiment of the invention the edge of the wafer is imaged
and afterw. etected by utilizing g system that includes a X-Y stage and by using the same optical
clements (VLS SERCPIOR Tl N ob ROt SHEHs ® AaSt (H DTEER - SHEF RO water
edge areasrehbistisnnaad pireuysimpriar aldcsakitiong thal tsed detdadicatddioamekacdar wwaidreedge

inspection an at I%?sft one other camera for imaging other areas (regions) of the wafer. Yet according
to another éMBSAIMENt of the invention the same optical elements are also used for wafer alignment

and wafer g0049edibtratimierd 0fxicbAaacandtiptsoohtni@mboditne at«k theavse ntierem clonekdig provided.

The chuck may include a reflective ementﬁﬁl{chﬁs reflecti¥e "skirt" mounted be'qow the wafer (once
are. 1 at di I ;

) S. ima are, 1mages areas differ from water edee areas nd erein_th
the wafer is posﬂmn%%sonethe chuck) And afiows cisar warer & g€ Imaging. The reflective efement may

be positiongtostchaady wontacptdeoyater{atignethwitfcthe aspprapsutdatecof dofzakuck) or may be
postoned ST (o e S e e i 0
performing thevafer edye widpectianiin@dditiosyti@mwafer inspection and metrology with minor hardware
mOdiﬁcaﬁquOS 1] The processor may be arranged to send wafer edge information about a location of
the edge of the wafer to a metrology system.

[0052] The processor may be arranged to define areas of interest based on a location of the
edge of the wafer.

[0053] The processor may be arranged to define areas of interest based on a location of the
edge of the wafer and an expected location of a wafer layer edge that differs from the edge
of the wafer.

[0054] The processor may be arranged to associate a processing algorithm for each area of
interest, wherein at least two areas of interest are associated with different processing
algorithms.

[0055] The at least one processing algorithm is an inspection process.

[0056] The at least one processing algorithm is a metrology process.



[0078] According to an embodiment of the invention there is no need in a dedicated camera. The same
camera used for entire wafer surface inspection and metrology can be used for wafer notch/flat
orientation detection and wafer edge area inspection and metrology. [0079] According to an
embodiment of the invention there is no need in a dedicated pre-aligning system and procedure
required for wafer notch/flat orientation detection. [0080] According to an embodiment of the invention

there is no p@Ed Jrmadipeicalisst stagetoranaligeedgeafigpectiapxdNale pregssammaiiitspastion and
metrology mg?/ be performed as 7 ga part of entire wafer surface inspection and metrology, by
§

extending X RALAGEIPHNE WALLELSE 2D BRI ere is a need to define areas of interest (regions of
interest) in yoafes] edige pregisdagnsy \bateradee /reppmagemIpcosrprydayvalienfdimedge areas
include images.of areas that do not belong to the wafer. In addition - wafer edge area images taken of
different pof%?éﬂgegaflffﬂglé YYFveavAte? By Siffer from each other by the location of the areas of
interest. For example - a wafer edge area image taken from the upper portion of the wafer will include

an irrelevant area at its upper - whil r [ en from the lower portion of the
wafer will include an irrelevanﬁﬁg ﬁ%gmgﬁ%%i%mmsdetecﬁon processing
algorithms soesoagHie dabjie omdietadgiatencs thrsendiffeiance phoidabb talkandatoacaeadint. The
edge of the wafer and of various top layers should be circular.hut is typically deformed - thus further
complcatin THEHSEEEEHRS B Lrea SR GEP RIS < ACLEHBARE el e e 8o area
images 42(6pw@nak4( v @fnfiguien Lind 088@bAcsdspiagtionyatgeaemidadisbpnts, oktivedavanton once
the edge of the wafer %det cted thﬁ#oc%tlcl):lr&%f wafe Ig er ?qé?es (tthat differ from thg edge of the
wafer) may P& BE? 1J05Y o Betifated® 8%?ﬂéle, 2 TSRS ditaF e S ned to
exist betweeesthigtedgerrhthadvafidrtandcuaipalnyes edgesgsiinesdstimation can be also be affected by

previously (ZE.W fer layer edges, to prevjous inspection or metrology results and the like. [0083]
Chuck [008%@% é%i%a AR AR %Fc(i{‘ﬁ‘& ’30 according to an embodiment of the invention.

Chuck 30 irjohale i@ Spaceskagprridefledtivetlenegi$ 02 mid 34 whdtrare positioned such as to

provide ar Q i .bac§ round to edges of 200mm.wafers and 300 mm wafers respectfully. [0085] A
Frot refioctid BTty S L0 S SR Faco S A SR et SOOTHRARE i outer
radius that i®0@a)eFithahilGfmmen. { 0@6]aA Xetordisaflaotivaelelizanicdd ssaa ringptiatsh@saan inner

radius that is %rg(%lleéntthafn[h%q(r)l%mdan.d an outer radius that is larger than 300 mm. [0087] Registration
Scan [0088T ccording to ah enbodiment of the invention a registration scan is executed and it may

enable a dyjtandit Haler 6diestayer smddidtratider anch irasgey .adOi8Bighanegidivdinensofithmay be
executed b){ l\J/inlrg% an X-Y stage and an area camera. The area camera may be also used for
inspection of Areas of the wafer that differ from edge areas of the wafer. [0090] The registration scan
may includé®ediriélated >N snation tyatlapproxiidratdgseaniage lardautedghicmie decivdchfroo an
estimated wafer Bgn.tr%ré It<r(1)9 n wafer. diameter and user defined area of interest from wafer apex.

Thus, the e%gc eddfoca ion Of the warer edge is images by a sequence of images that are acquired by

utilizing an O9&thgez. 8 illustrates a method according to an embodiment of the invention;
[0067] Fig. 9 illustrates a method according to an embodiment of the invention;
[0068] Fig. 10 illustrates a method according to an embodiment of the invention;
[0069] Fig. 11 illustrates a method according to an embodiment of the invention;
[0070] Figure 12 illustrates a raster scan pattern according to an embodiment of the
invention;
[0071] Figure 13 illustrates various areas of interest according to various embodiments of
the invention; and
[0072] Fig. 14 illustrates a system according to an embodiment of the invention.
[0073] It will be appreciated that for simplicity and clarity of illustration, elements shown
in the figures have not necessarily been drawn to scale. For example, the dimensions of

some of the elements may be exaggerated relative to other elements for clarity. Further,
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[0091] An area camera (such as camera 1010 of figure 14) acquires sequence of images referred to
as wafer edge area images 42. These wafer edge area images 42 include images of the edge of the
wafer as well as additional areas of the wafer and the chuck. The size of the area included in each
wafer edge image 42 can be defined by the user but this is not necessarily so. Typically, an area that
is much larger that the edge of the wafer and its close vicinity is imaged. [0092] Figure 5 illustrates a

wafer 30 anghgivlipisinabar £9e6pames BTagasAruatalii et gusing tadeislbabianestaie] hese wafer
edge area images 42 can be acquired at random, run-time calculated intervals so user defined area of

interest mayBEHNSPESIRIBAIRY 8F P3O LMKEIE RS wafer edge area images 42 may overlap. Each

wafer edge area image 42 can include an image portion 45 of a wafer edge area and an image portion
43 of the surroundingP BTHH ESMEBICKRIEEON OdIRHHBR ERHNE ING ENEEON element and may
also includ n-reflective portion of th er surface of the chuck 30. [0093] The wafer edge area
ages 42 100 B B PR T s RS o e
wafer. The lodationpofthie edye@ighendafearalsy pfobiiesavadar Hositiverinfenthatondf@dedd The
detection of the notch or flat can implemented by such means as deviation from circularity.and pattern
atching (B e B BB T R R i,
The edge ofithelwdfiepikeexpsatedstovadl dinowar raaidi@lflapri@edunetch pngesamapredatiation from

this circular,sha Sc[{qggﬂnﬂgt%{ 5 also iltlusgates %Fe linear. movements introduced during the
I

e been C SO dS Not L0 obscure, the preseit myention ) . .
acquisition 0? warler edge area images 42, ISaS ed ngtrlp ets |Ifusltrate the X-axis motion, the Y-axis

motion and [(H¥ Zbrvbinatiog tof dhes ol vé itherite/.cRtore famepie, crbX-axicmovengedislillustrated

by dashed 9 -axi ent is. illustrated h 92 ! [ t
combinaic s R A R P A K states
an area of inptistethachaglzt anused hapeghs isadafinedddgtnveen theedgd dftheleafbat30 and
inner circle ﬁi?fe}r SURE) é&égée%%.‘l‘@_ﬁg%.}ec&'ﬁ?ré’fﬁSr %%9%@5%&8% 04 ﬁ%ﬁ%‘%@df&%ﬁeﬁa es

multiple warer edge area ima according to an embodiment o invention. [0098]
These waferastige fewifongdge4npyctivn(ehdiotrottverdaphty sfencader dreagingagdsi4a¢R) - 42(6)

llustrate: i. é%p%‘i’ﬁ?% e WAlEr O Hcé%ﬂﬂé;%%&‘%{?o&%ﬂ%tb%‘a{ﬁ? 0&‘?'1:?1&"1&9@1198}{%%%%@%3 22 and to

a portion of upper surface 24 that is not covered by layers 28 and 29, iil. A gray area 63 that
correspondsptacklydegitanct itsiupedtbmediarebgdmenanedwebpedds teglsiyatr@9. v. Notch 65. [0099]

Areas 61-64rgng ”&EBR%EEES AT FRY H{O%l?oﬂ’%faﬁ%@%ﬁﬂe%&?%é Uit f,,And in edge

image 60 of figure 7. T dge iImage 60 represents edges In the sy tic edge image 50.
include a reflective element such as a reflective “skirt” mounted below the wafer (once the

wafer is positioned on the chuck) and allows clear wafer edge imaging. The reflective
element may be positioned such as to contact the wafer (aligned with the upper surface of
the chuck) or may be positioned at a different height (for example —slightly below the
supper surface of the chuck).

[0077] According to various embodiments of the invention there is provided a method and
a system for performing a wafer edge inspection in addition to wafer inspection and
metrology with minor hardware modification.

[0078] According to an embodiment of the invention there is no need in a dedicated
camera. The same camera used for entire wafer surface inspection and metrology can be
used for wafer notch/flat orientation detection and wafer edge area inspection and
metrology.

[0079] According to an embodiment of the invention there is no need in a dedicated pre-
aligning system and procedure required for wafer notch/flat orientation detection.

[0080] According to an embodiment of the invention there is no need in a dedicated stage

for wafer edge inspection. Wafer edge area inspection and metrology may be performed as
7



[00100]The wafer edge area images 42 can be processed to provide a single synthetic wafer edge
image such as the synthetic wafer edge image 50 of figure 7. The synthetic wafer edge image 50 is
generated by removing overlap areas from the wafer edge area images 42 and performing a
non-linear transformation of these wafer edge area images 42 such as to convert the substantially
circular wafer edge to a line 51. The nonlinear transformation can convert the polar coordinates of the

wafer edge apan Na@as 3Afe Gariesinrpreasd aaten-{RIIS1 [T exwatenetue aigsiofagex42 or the
synthetic wafer edge image 50 can be processed to detect the edge of each layer, to detect areas of
interest (su SEf’ﬁ’ayers) and to determine the processing algorithms to be applied on each area of

interest. [00002] T hehgoressiagl @b hginaiesLdgamsaatimagenscanigiensipie watar Rdgeadayers

geometric data (an_edge strip image) to be used (but not limited) as dynamic layers zoning (for
i o AL e AT o T e AL hoES A R AT e

schematic desgriptioniof@earielic WatkextRetin igddiown anafig «8ed heeedgasisimiemier edge
image 50) be created using dynamic, configurable wafer level sampling, simple geometric
oo SRS L6 AL U R i BRI WP TG LMo b
detected usirgafigiisredgeodelestisls algavithimeddeairexamiple rdkendyoincihe appyrusdngoa orulti-scale

modeling approach wherein the edge characteristics are discovered and apalyzed at djfferent scales in
coveral geoH ot LN L A Lo EchbAP TR U PR 4 (A g

tangential dikenstonsthEhnevagdgeaivalysichintarfaaiin pahdedidnsteviad asd used betwpan scales.

00106]Different scal ifferent size pixels. Thus, if a first | is acquired with a certai
resoltion (LN BXARDIPRIE I ORI TS 0 o (e e T stiple

may be con%estediffma@c@mﬂltﬂﬁwgalcﬁd\lﬂydwaupwﬁlﬁe Kﬁgethﬁdh%@ﬁ@ﬂ‘d/éﬂ(vhﬂé@i@bs images
e oL o G810 T Sna syl e syepana g g e merono
detections of areas of interest. This is illustrated, for example, in wafer edge area images
42(6) and 42(7) of figure 12.
[0082] According to various embodiments of the invention once the edge of the wafer is
detected the location of wafer layer edges (that differ from the edge of the wafer) may be
either located or estimated. For example, a predefined distance can be assumed to exist
between the edge of the wafer and wafer layer edges. The estimation can be also be
affected by previously detected wafer layer edges, to previous inspection or metrology
results and the like.
[0083] Chuck
[0084] Figures 3 and 4 illustrate a chuck 30 according to an embodiment of the invention.
Chuck 30 includes two spaced apart reflective elements 32 and 34 that are positioned such
as to provide a reflective background to edges of 200mm wafers and 300 mm wafers
respectfully.
[0085] A first reflective element 32 is a ring that has an inner radius that is smaller than
200mm and an outer radius that is larger than 200 mm.
[0086] A second reflective element 34 is a ring that has an inner radius that is smaller than
200mm and an outer radius that is larger than 300 mm.
[0087] Registration Scan
[0088] According to an embodiment of the invention a registration scan is executed and it

may enable a dynamic wafer edge layers registration and tracing.



[00108]Thus, a first image of 1000 x 1000 pixels may be converted to a second image of 500x500
pixels by averaging or otherwise merging each four pixels of the first image to a single pixel of the
second image. [00109]Figure 8 illustrates a method 600 according to an embodiment of the invention.
[00110]Method 600 includes a sequence of stages 610 - 660. Stage 660 can be followed by stage
630. Different iterations of stages 630-660 can be executed on images of different resolution (different

scale). [001{bbEStaTRGERI inalisiescacauising axseddanseudininagrsyraphadegistatiemsean. These
images are referred to as wafer ed]ge area images. [00112]Stage 620 includes creating a wafer level

"strip image S RS AN R RO E RreyaTs e AR Sf MR &YRISK S BHERMRGE%S0 includes
images of taggntirehedggef the wafer or portion thereof. The synthetic wafer edge image 50 can be a

highest resolution image - in the sense that the scale level im enerated from the synthetic wafer

ccige mogd SO O Bt JERIE S SHHOR OB LG G BT e LI O AET frage

During the fistuleratian ehilages636dGeshihe soatealeyelirsagaearkhevihedgaeshreseliution image
t_pixels. T so and it can be theﬂ%ﬂ;&st. resolution image or an

having the large his.is not necessaril [

image of ar IeTRIUBIL AT SAINER 100 YL 218 Sg@ 6 R0 TRERdES RO ALRAK R 8l Sclge

detection asdgeeithann@ichyar dlajudatectiomages that are acquired by utilizing an x-y stage.
[0091] An area camera (such as camera 1010 of figure 14) acquires sequence of images
referred to as wafer edge area images 42. These wafer edge area images 42 include images
of the edge of the wafer as well as additional areas of the wafer and the chuck. The size of
the area included in each wafer edge image 42 can be defined by the user but this is not
necessarily so. Typically, an area that is much larger that the edge of the wafer and its
close vicinity is imaged.
[0092] Figure 5 illustrates a wafer 30 and multiple wafer edge area images 42 acquired
during the registration scan. These wafer edge area images 42 can be acquired at random,
run-time calculated intervals so user defined area of interest may be fully covered over a
21 sector. The wafer edge area images 42 may overlap. Each wafer edge area image 42
can include an image portion 45 of a wafer edge area and an image portion 43 of the
surroundings of the wafer 30. The surrounding may include the reflective element and may
also include a non-reflective portion of the upper surface of the chuck 30.
[0093] The wafer edge area images 42 can be processed to detect the orientation of the
wafer by detecting a notch or flat of the wafer. The location of the edge of the wafer also
provides wafer position information.
[0094] The detection of the notch or flat can implemented by such means as deviation
from circularity and pattern matching techniques including but not limited to normalized
correlation and geometric model finding. The edge of the wafer is expected to be circular
and a flat (or a notch) provides a major deviation from this circular shape.
[0095] Figure 5 also illustrates the linear movements introduced during the acquisition of
wafer edge area images 42. Dashed line triplets illustrate the X-axis motion, the Y-axis
motion and the combination of these two movements. For example, an X-axis movement

is illustrated by dashed arrow 91, a Y-axis movement is illustrated by dashed arrow 92 and



[00115]Stage 650 includes applying analysis to track top wafer edge layers transition edges (also
referred to as edges or transitions). Stage 650 can include detecting edges of layers such as layers 28
and 29 or any other layer that belongs to the wafer and is viewable by the camera. [00116]Stage 660
includes modeling each transition's raw data to fit transition physical properties. Stage 660 may
include determining areas of interest and associating processing algorithms to each area of interest.

These procgssing-algasiemenn@y RGP G0N algiowthkis nveréication algaktiams by atalegy
algorithms and the _like. The processing algorithms may be tailored to the different layers - to their
materials, tﬁgﬁ‘%%ected structure and the like. Non-limiting examples of algorithms may include

algorithms fooosjfeipusustanes:ies pattameds suttaeg shie TR din g eaitainskirRpesERATTM bke.
[00117]Stage 660 is followed by either selecting a new scale level (a new resolution) and jumping to
stage 630 O NEHAGIHLE BrotbUE LT PH BUGE WSS br] B e ecen BN et ring
each iteratignfef stiRgessas0-660 while using information obtained from previous iterations. An edge
can detecte ed on outputs of edge detection attempts. execut uring different. iterations of stage
030, 1001 10N R SO SRR T Qe B LA 650 Hhay mEASEOT IR AtoR
application ehbdgienehivemnierasshilateral filtering combined with grayscale morphologic operators.
Application of dj ntial operators including bu limited to convolution k neéeé)p rations and
morphologi[:%(qggi/eﬁ\?é%.wggeré%gc?ﬂ% @?%Sse%%ii Vegg)d%?aniﬂtcﬂjvcﬁaﬁpceé%ﬁ r %ﬁg 88§ mentation
of continuesnegged Ac¢gorddig) ieagedirectional information, fluctuation severity and intersections.

iv.Merging broken edge segments into a combined edge segment including polar interpolation and
extrapolation in thelgaﬁgr%%a%? &éﬁ%ff’ﬁ%é??g:lalysis and modeling comprises noise and outliers filtering

proprietary methodsiand aligiositienH2Tihis ovaie spohddadtcpsiovei zaddosm2oinandarpuredigugh
transform, with culling of low probahility outliers. Gap areas between ments are interpolated using
polar interpolation basédBh ?Efe?aéﬁ\%%ﬁ&%ﬁ%fgrv ?%fﬁéﬁ?as‘/gfﬁt?/cgﬁndﬁ
iil. A gray area 63 that corresponds to layer 28, and
iv. A patterned area 64 that corresponds to layer 29.
v. Notch 65.
[0099] Areas 61-64 and notch 65 are also illustrated in synthetic wafer edge image 50 of
figure 7 and in edge image 60 of figure 7. The edge image 60 represents edges in the
synthetic edge image 50.
[00100] The wafer edge area images 42 can be processed to provide a single
synthetic wafer edge image such as the synthetic wafer edge image 50 of figure 7. The
synthetic wafer edge image 50 is generated by removing overlap areas from the wafer edge
area images 42 and performing a non-linear transformation of these wafer edge area
images 42 such as to convert the substantially circular wafer edge to a line 51. The non-
linear transformation can convert the polar coordinates of the wafer edge area images 32 to
Cartesian coordinates.
[00101] The wafer edge area images 42 or the synthetic wafer edge image 50 can be
processed to detect the edge of each layer, to detect areas of interest (such as layers) and to
determine the processing algorithms to be applied on each area of interest.
[00102] The processing of the wafer edge area images can generate wafer edge
layers geometric data (an edge strip image) to be used (but not limited) as dynamic layers
zoning (for defining areas of interest).

[00103] Wafer edge layers Geometric Data Extraction
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[00120]Wafer Inspection and Metrology Scenario - Run Time [00121]Figure 9 illustrates a method 700
according to an embodiment of the invention. [00122]Method 700 includes stages 702, 704, 710, 720,
730, 740, 750, 760, 770 and 780. [00123]Method 700 can provide a wafer inspection and metrology
run-time flow scenario in a presence of a top wafer edge inspection feature. Method 700 includes
imaging both wafer edge areas and wafer non-edge areas. [00124]The wafer edge area inspection

may be implemented as FRpastpiganciataiptemsoriaeensaandivite-anarsiiomheheiey i X3 Y
registration scan that is required for wafer edge zoning. [00125]Stage 702 includes performing a global

wafer alignmenfiB0198 SN 962 iUBfond MY RagEH64. 18d 7Teme Al sHEAD Y 48t forming a
registrationisean4aipRngefarmpit eamaifculanfoxagsiraitiseamosihiatisaiedes obtaining images of

730 inchugeDUating (OB A" SEE Ay SR GHE i A0 HEtage
includes finding eelgescotihmyvarer andmplgest (hansitiens)coblaysisdhatatpietimaieitdiige edge of
the wafer. approach wherein the edge characteristics are discovered and analyzed at different scales

in several geometric dimensions separately or combined, including but not limited to the

radial and tangential dimensions. The edge analysis information can be transferred and

used between scales.

[00106] Different scales mean different size pixels. Thus, if a first image is acquired

with a certain resolution (for example N x M pixels), it is converted to images of lower

resolution — for example — it may be converted to a second image of N/2 x M/2 pixels, to a

third image of N/4 x M/4 pixels images and other lower resolution images.

[00107] The scaling may include averaging (or otherwise merging) pixels of a

higher resolution image to provide a lower resolution image.

[00108] Thus, a first image of 1000 x 1000 pixels may be converted to a second

image of 500x500 pixels by averaging or otherwise merging each four pixels of the first

image to a single pixel of the second image.

[00109] Figure 8 illustrates a method 600 according to an embodiment of the
invention.
[00110] Method 600 includes a sequence of stages 610 — 660. Stage 660 can be

followed by stage 630. Different iterations of stages 630-660 can be executed on images of
different resolution (different scale).

[00111] Stage 610 includes acquiring a sequence of images from the registration
scan. These images are referred to as wafer edge area images.

[00112] Stage 620 includes creating a wafer level "strip image" such as the
synthetic wafer edge image 50. The synthetic wafer edge image 50 includes images of the
entire edge of the wafer or portion thereof. The synthetic wafer edge image 50 can be a
highest resolution image — in the sense that the scale level images generated from the
synthetic wafer edge image 50 are of a lower resolution.

[00113] Stage 630 includes creating a scale level image. During the first iteration of

stages 630-660 the scale level image can be the lowest resolution image having the largest

11



[00130]Stage 710 is followed by stage 720 and 730. [00131]Stage 720 includes calculating wafer level
features such as location of notch or flat, wafer orientation, wafer identifier (found by applying Optical
Character Recognition - OCR). [00132]Stage 730 includes acquiring images of the entire wafer or of at
least wafer edge area and wafer non-edge areas. Stage 730 may include performing a surface scan of
all required wafer areas - for example of patterned areas and, additionally un-patterned areas. These

images cangpeRbiaiRad iyt asseaaticakeantiguratior teIneriEty-ongs habiseothem sae eamera (or
cameras) to obtain images of wafer edges areas and other wafer areas. [00133]Stage 730 may
include acqtrAMEES WY E ¥ %nning the wafer by a raster scan pattern or other non-circular

pattern. [00f@AlFipure 1Xtdstrie sk Iirkie pagammaitamk200musingdahichovadar atdoei@deea images
42 and wafer n%n-e gga area images 44 are obtained. It is noted that wafer non-edge area images can
be obtainedBl EHYbHIEFURRN patterns. [00135]Stage 730 is followed by stage 740. [00136]Stage

740 includegperigrming Siysanit) zonringeLngpRinafenadge aseasck hepopaafeidgedayrisa is
referred to "top". in the sense that is it not inclydes in the hackplane or lower layers of the wafer.
oynamic 2dHTEREIGHES GEANITULAHEDS dr FSFadE HATMT N, (yaE S ) UaB B aing
algorithms. aesasenRg @} vikarastipay rehidether anlirelaica@detinedbdehyeaniedgaspapbiiions
thereof. [OOl%Q{%% re h:; illustrates various areas of interest according to various embodiments of the

invention. W & é:é"glﬁ'?(@ includes an area 1202 that corresponds to layer 29, an area 1203

that corresgootissio uppesfagyadGly dacanitwvaledetidgecactkarhaQdoachvaréaod ¢t areastiba02, 1203
and 1204 m% efined .an area of interest. rtion of these areas.can also be defined as an area

b int
T eroat e B B S T TR P S D B LA ST bt ey
defined to heqlased ailaopiadsfineddistance ¢orisrmeltdistaneeprangeinirontpthztaetesiad Belges.

inspection algorithms, verification algorithms, metrology algorithms and the like. The
processing algorithms may be tailored to the different layers — to their materials, their
expected structure and the like. Non-limiting examples of algorithms may include
algorithms for uniform surfaces, for patterned surfaces, for finding certain shapes and the
like.
[00117] Stage 660 is followed by either selecting a new scale level (a new
resolution) and jumping to stage 630 or ending the process.
[00118] The edge detection of stage 630 can be executed during each iteration of
stages 630-660 while using information obtained from previous iterations. An edge can
detected based on outputs of edge detection attempts executed during different iterations of
stage 630.
[00119] According to an embodiment of the invention stage 630 may include:
i. Iterative application of edge driven cross bilateral filtering combined with
grayscale morphologic operators.
1l Application of differential operators including but not limited to
convolution kernel operations and morphologic derivatives.
iii. Extraction of the edges vector data including configurable
segmentation of continues edges according to edge directional information,
fluctuation severity and intersections.
1v. Merging broken edge segments into a combined edge segment

including polar interpolation and extrapolation in the gap areas .
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[00138]Wafer edge image 42(7) includes an area 1207 that corresponds to layer 29, an area 1206 that
corresponds to upper bevel area and wafer edge area 1205. Each area out of areas 1205, 1206 and
1207 may be an area of interest. A portion of these areas can also be defined as an area of interest-
as illustrated by area of interest 1208. Yet for another example- an area of interest may be defined to
be placed at a predefined distance (or small distance range) from the detected edges.
[00139]Referring back tg figure Statsiage 4AQIERY dngludedatiipasioairial inBeceiinpanisnage
(frame) and image meta-data the image can be acquired hy a standard area camera (that is used for
imaging non-wafer edg@é‘?@ﬁ%)?@@ﬁ%%w&b@%ﬁéﬂ ﬁ]&?&é’ﬁc&r@fﬁm s & GUSKBRE SN of
standard wafer areas casrse@iengadothiked CHLNG walidoeage areagragmelitodatpribibrigequired
image based on the data comingé%cgm previqusly performed registrat iii. Updating the areas of

ion scan.
interest in the image wiftf'F<Sec p%@%u&%%@%tiﬁ%@gfsexgﬁp18t-eﬁ’81?’F8 e MUdREH part of a
layer (or a wafer layer eggepéheiodacatons oktbaamasaiciiteaiptandaivpdated and reported to

various pro in algorim' . Updatin fer leyel masking\ zQning areas, including but not limited
to notch arefg(?ﬂgﬂ/vafer i 'évﬂﬁBﬁcHP@a%?\ﬁrm‘ﬁ?X%%%?ﬁ@%a%ﬁ% ("don't care" mask) or
applying sojoelather wafetidaxelpitaessiag thakmhey beodalinediby wanualiybdaiinest wafarelevel mask
such as OCR. [00140]Stage 740 is followed by stages 750 and 760. [00141]Stage 750 includes
re-zoning tHBY 8P'edge area with respect to scan-used optics. This may include re-finding (or
re-defining)[tia 2atations Mkwafer dayec kdgesthaserhonigheronzamificationohigher6esaigion)
images. [0014{,2,) éage 750 is followed by stages 760 and 770. [00143]Stage 760 includes detecting
surface def8fs'Sh scanned area. Stage 760 includes applying one or more processing algorithms on

one or morgoaeas of intekeshita detechutleiecide [HMdd] Tiqge tf@Dasd allevodckbyaiagae/Ow

[00145]St 770 includ Iculating fine t fer ed t . T I | b
e e SR R B IRl Jg rasal

imaging both wafer edge areas and wafer non-edge areas.
[00124] The wafer edge area inspection may be implemented as a part of general
wafer surface scan, with an addition of circular X-Y registration scan that is required for

wafer edge zoning.

[00125] Stage 702 includes performing a global wafer alignment.
[00126] Stage 702 is followed by stage 704.
[00127] Stage 704 includes performing a registration scan (also referred to as

circular X-Y registration scan) — that includes obtaining images of wafer edge areas by
using an X-Y stage.

[00128] Stage 740 is followed by stage 710.

[00129] Stage 710 includes calculating top wafer edge layers and performing
transitions registration. This stage includes finding edges of the wafer and edges
(transitions) of layers that are proximate to the edge of the wafer.

[00130] Stage 710 is followed by stage 720 and 730.

[00131] Stage 720 includes calculating wafer level features such as location of
notch or flat, wafer orientation, wafer identifier (found by applying Optical Character
Recognition — OCR).

[00132] Stage 730 includes acquiring images of the entire wafer or of at least wafer
edge area and wafer non-edge areas. Stage 730 may include performing a surface scan of

all required wafer areas — for example of patterned areas and, additionally un-patterned
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[00146]Stage 770 is followed by stage 780. [00147]Stage 780 includes generating final results such as
but not limited to surface defects, distance between wafer layer edges, eccentricity of wafer layer edge
relative to a center of the wafer, fluctuation of the wafer layer edge (also referred to as wafer layer
transition) across the wafer or any other measureable or calculated properly of the wafer layer edge.
[00148]Wafer Inspection and Metrology Scenario - Setup [00149]Figure 10 illustrates method 800

according tara# eTHod imentsof 1@ drvieniien. By eiho 3Rl canRiavicen WwadesminysprRetian.and

metrology setup in the presence of wafer edge area feature, [00150]Method 800 includes a sequence
of stages 81 g‘fos,aé%f‘o?%%ﬁaé% CEBEATE AP HBEN9861 81 INEh GUEsb Breta A8 REAgE ST 0 of

creating a jaksad his may include defining standard reference die and wafer layout creation.

[00152]Sta is followed by stage 820 of training a wafer center. This may. include determining
(ether in arl Gl ate masTREE ol iy B b LB IR (Bt AR IBF SF IS Wofor
[00153]StagesB26cim fpdleme orbyhstagm-830unigainiauring or defining registration scan parameters such
as but not limited to opticgl resolytign, size of image, overlap between images, scan duration, and the
ke, There ITAG T provic 8 e BBV P e SR St SN LA (e dration
will increasaroy@falgdhroughipubfandbetweareiimacsuraayeafbiamsndgsmacguiisdy 8 Stage 830
is followed by stage 840 of é)aer%c%rmin a edl(lzje regiﬁtration scan.5[00155]Stage 840 is followed by

0 #gﬁ§ by using ot

stage 850 oF&IBLTAHRASEH G L AR er scan patterns.
[00135] Stage 730 is followed by stage 740.

[00136] Stage 740 includes performing "dynamic zoning" on top wafer edge areas.
The top wafer edge area is referred to "top" in the sense that is it not includes in the
backplane or lower layers of the wafer. Dynamic zoning includes defining areas of interest
that will be processed by various processing algorithms. The areas of interest may include
the entire area defined between edges or portions thereof.
[00137] Figure 13 illustrates various areas of interest according to various
embodiments of the invention. Wafer edge image 42(6) includes an area 1202 that
corresponds to layer 29, an area 1203 that corresponds to upper bevel area and wafer edge
area 1204. Each area out of areas 1202, 1203 and 1204 may be defined an area of interest.
A portion of these areas can also be defined as an area of interest- as illustrated by area of
interest 1201. Yet for another example- an area of interest may be defined to be placed at a
predefined distance (or small distance range) from the detected edges.
[00138] Wafer edge image 42(7) includes an area 1207 that corresponds to layer 29,
an area 1206 that corresponds to upper bevel area and wafer edge area 1205. Each area out
of areas 1205, 1206 and 1207 may be an area of interest. A portion of these areas can also
be defined as an area of interest- as illustrated by area of interest 1208. Yet for another
example- an area of interest may be defined to be placed at a predefined distance (or small
distance range) from the detected edges.
[00139] Referring back to figure 9 - stage 740 may include at least one of:
i. Receiving an image (frame) and image meta-data, the image can be
acquired by a standard area camera (that is used for imaging non-wafer edge
areas), the wafer edge area images acquisition can be an extension of

standard wafer areas can sequence.
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displaying top wafer edge registration data. [00156]Stage 850 can include at least one of: (i) detecting
the edge of the wafer, (ii) detecting edges of other top layers of the wafer, (iii) displaying the edge of
the wafer, (iv) displaying wafer edge areas, (v) displaying edges of other top layers of the wafer, (vi)
displaying a synthetic wafer edge image 50, (vii) displaying an edge image 60. [00157]Stage 850 is
followed by stage 860 of configuring or defining top wafer edge inspection parameters. [00158]Stage
860 is followed by stagie 8aRahaapiefengis aefininshiopivalierisdae MpHelOTHRaBUNRLSFS.
[00159]Stage 870 is followed by stage 880 of defining or receiving areas of interest (defining wafer
level masks or inspectiBly I3RS E SR8 A5 UM HRTHE RHhiRY ULY SFterest and selecting the
inspection processing ialgopidhating and metolopynxasessingalpasithngto heprppliedmevibesareas of
interest. [00160]Figure 1 gllfilsnat s method 900 for inspecting an edge of a wafer, according to an
embodiment of the invéﬁi? .t'[%'ﬂ)lﬁé)f]‘f&% & Sod st ARt %as]fﬁ’ﬁé(ﬁiﬁ.vf 16%8tage 910

may include placing thedyafehanlacabivek diahingleidest anerestrogieaiiatiive alamegdsedteflective
element may be positioned such that an inner, portion of the reflective element is concealed by at least

the edge of the wafer aHti A BREFS OB Y HB reflective element is non-concealed by the wafer. The
reflective element maybejpduiirerwaléeneatvalysisiageolite meysinclcldei plabincat ialaeomoa chuck
that does not include reflg%ttljve ele%entsﬁ%ﬂggg%ther chuck t tigtlfr{%rf {Irlcc)m dghl%% rﬁ% g00163]8tage

910 is followed by stage’§20BFttfodtlé, FBOR A reas

("don't care" mask) or applying some other wafer level processing that may
be defined by manually defined wafer level mask such as OCR.
[00140] Stage 740 is followed by stages 750 and 760.
[00141] Stage 750 includes re-zoning the wafer edge area with respect to scan-used
optics. This may include re-finding (or re-defining) the locations of wafer layer edges
based on higher magnification (higher resolution) images.
[00142] Stage 750 is followed by stages 760 and 770.
[00143] Stage 760 includes detecting surface defects on scanned area. Stage 760

includes applying one or more processing algorithms on one or more areas of interest to

detect defects.

[00144] Stage 760 is followed by stage 770.

[00145] Stage 770 includes calculating fine top wafer edge metrology. The
calculating can be responsive to more accurate information that can be obtained during
stage 750.

[00146] Stage 770 is followed by stage 780.

[00147] Stage 780 includes generating final results such as but not limited to

surface defects, distance between wafer layer edges, eccentricity of wafer layer edge
relative to a center of the wafer, fluctuation of the wafer layer edge (also referred to as
wafer layer transition) across the wafer or any other measureable or calculated properly of
the wafer layer edge.

[00148] Wafer Inspection and Metrology Scenario — Setup

[00149] Figure 10 illustrates method 800 according to an embodiment of the
invention. Method 800 can provide wafer an inspection and metrology setup in the

presence of wafer edge area feature.

15



least one of a camera and the wafer and acquiring wafer edge area images. This may include using an
X-Y stage or any other stage. [00164]Stage 930 includes processing the wafer edge area images.
[00165]Stage 930 may include at least one of the following stages 931- 938. [00166]Stage 931 may
include processing the wafer edge area images to locate an edge of the wafer. [00167]Stage 932 may
include processing the wafer edge area images to locate at least one additional edge of a wafer layer

that is proxim@tsdp the edgeatekitiieoviateididQl &jRiager? 3t seag inclene delinguy agsasspvinterest
based on locations of the edge of the wafer and the at least one additional edge. [00169]Stage 934
may includézi%%@ig‘é%g a processing algorithm for each area of interest, wherein at least two areas of

interest are[ggsocrjated withe-ghbieBB0tRIACBSSIAgRY0GINTABa INCEESIRg pigatdaseaize
metrology algorjthms, inspection algorithms or a combination thereof. [00170]Stage 935 may include
processing ?Eég%f?ﬁ‘f%%\%ae‘y YYELTFAYG-s by the processing algorithms. [00171]Stage
936 may in¢idexetermigingeasmalir falignme by hagedson af leasinne oheclocation Dhihenegge of the
wafer and & sfiape ot the Sgr e uater. [0 F2IStast 957 may e dtgeipg 3 foigh or afine

the center of the wafer.

[00153] Stage 820 is followed by stage 830 of configuring or defining registration

scan parameters such as but not limited to optical resolution, size of image, overlap

between images, scan duration, and the like. There may be provided a trade off between

the duration of the registration scan (shorter duration will increase overall throughput) and

between the accuracy of the images acquired.

[00154] Stage 830 is followed by stage 840 of performing an edge registration scan.

[00155] Stage 840 is followed by stage 850 of calculating and, additionally

displaying top wafer edge registration data.

[00156] Stage 850 can include at least one of: (i) detecting the edge of the wafer, (ii)

detecting edges of other top layers of the wafer, (ii1) displaying the edge of the wafer, (iv)

displaying wafer edge areas, (v) displaying edges of other top layers of the wafer, (vi)

displaying a synthetic wafer edge image 50, (vii) displaying an edge image 60.

[00157] Stage 850 is followed by stage 860 of configuring or defining top wafer

edge inspection parameters.

[00158] Stage 860 is followed by stage 870 of configuring or defining top wafer

edge metrology parameters.

[00159] Stage 870 is followed by stage 880 of defining or receiving areas of interest

(defining wafer level masks or inspection zones). Stage 880 can include defining areas of

interest and selecting the inspection processing algorithms and metrology processing

algorithms to be applied on the areas of interest.

[00160] Figure 11 illustrates method 900 for inspecting an edge of a wafer,
according to an embodiment of the invention.

[00161] Method 900 starts by initialization stage 910.

[00162] Stage 910 may include placing the wafer on a chuck that includes one or

more reflective elements. A reflective element may be positioned such that an inner
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[00173]Stage 938 may include obtaining wafer edge area images of different resolution; and
processing the edge area images of the different resolution to locate an edge of the wafer.
[00174]Method 900 may include stage 940 of obtaining by the camera non-edge areas images of
areas of the wafer that differ from the edge areas; and processing the non-edge areas images to
detect defects. [00175]Figure 14 illustrates a system 1000 according to an embodiment of the

invention. [T Sy sieR QY INchutes shivakehR40b camer the 2dgXoY thtagerd0rl andrepcessor
1030. [00177]Chuck 1040 can be the same as chuck 30 or otherwise include gne or more reflective

elements tHATHPOVRIeE SHHRSESHEHSRY i d"8uganseie DXl Al br Thore b refaiie elements

may be positignessuahdhatl emianeiperiieoed thay ailectivplaleipant iseconceaiackhiaulrast the edge
of the wafer and an outer portion of the reflective element is pon-concealed by the wafer. The
reflective elg%E}ﬁh?ﬂ%&eagcﬂﬁﬁ‘}S?lfé’éﬁ%e]‘RY\?t\éf’édgufbébaﬁé{;&ﬁ{ﬁ Sﬁbglﬁ‘ﬁggbmovements between

the wafer (goppestied by @uiek AIKI)fancvibe Barigra IMLOF Thifonate( thatadheoiemstagerld20 can
include an X- stage and a Y- Sta}%é‘e,d herein the X- stage and the Y- stage can be connected to each

a
other or sep St % rohf <R VHE" A A UHAGNENEISEESE A5G7 HRRRS thd WS RRY
AlternativelyndhdeoXssiiage and theg¥ tage severdlae. camera. Alternatively, one of the X-stage and the

Y-stage mo chuck while the other moves the camera. It is noted that the X-Y stage can perform
movements@%é%ﬁwo ax ?gﬁ% Qﬂél%?fi%d’éﬂ%qsfbngéﬁﬁ%?ﬁ reéﬁ?, A HAEYRly, it can perform
movementg@dosg] axes tisagre3oahpepaadiculRato@aat oibh el (0alg Sfsanssh 984.0 is used to
acquire watf; e area jma 42 and i es of wafer non-edge areas (such as areas that are
ocatedt wit e 35 oP AR S PAEINAG DIEHEr G SEt ey U R A AEh  racter
scan patterad@0d@BpAsattistrated above, the X-Y stage 1020 can introduce linear movements of at

least f 1010 f laced on th k 1020) while th 1010 [
water odge SR Tages (G i BSd8: IAGaHRON SEAI AP Lr A A S gl

least one additional edge of a wafer layer that is proximate to the edge of the wafer.

[00168] Stage 933 may include defining areas of interest based on locations of the
edge of the wafer and the at least one additional edge.

[00169] Stage 934 may include associating a processing algorithm for each area of
interest, wherein at least two areas of interest are associated with different processing
algorithms. The processing algorithms can be metrology algorithms, inspection algorithms
or a combination thereof.

[00170] Stage 935 may include processing areas of interest in wafer edge area
images by the processing algorithms.

[00171] Stage 936 may include determining a wafer alignment based on at least one
of a location of the edge of the wafer and a shape of the edge of the wafer.

[00172] Stage 937 may include detecting a notch or a line of the edge of the wafer.
[00173] Stage 938 may include obtaining wafer edge area images of different
resolution; and processing the edge area images of the different resolution to locate an edge
of the wafer.

[00174] Method 900 may include stage 940 of obtaining by the camera non-edge
areas images of areas of the wafer that differ from the edge areas; and processing the non-
edge areas images to detect defects.

[00175] Figure 14 illustrates a system 1000 according to an embodiment of the

invention.
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[00181]lt is noted that wafer edge images can be acquired during registration scan and during another
scan - as illustrated, for example, in figure 12. It is noted that the registration scan is optional and
wafer edge area images can be acquired at the same scan as wafer non-edge areas.
[00182]Processor 1030 can be arranged to process the wafer edge area images. It can perform at
least one of the following: i. Process the wafer edge area images to locate an edge of the wafer. ii.

Process thgowafey) edge Fpacinages thdncrie adeastoane adaitionaliodge of alvafenloaysidhat is
proximate to the edgjﬂgf the wafer (such as edges of layers 28 and 29 of figure 2). iii. Defining areas of
interest badd8%5 A ns of the edge of the wafer and the at least one additional edge. iv. Associate

a process gigorithm for eaghdkrea4of iniese sie Wheeein diuleast bromeeasofjoiaieshaks asseciated with
different proc&‘gs algorithms #}he process algorithms can ﬁte metroktzgg/ al ritg)ms, inspectiQn
e tged

algorithms &F ORISR that e Voot shagsconsast dpifte rseeint gy Fed iMAGEE by the
process algogthensctieDataisnenayvaiepaligomenikasgaomatieashonvnid loeatigrahthe edge of
b e LR LU o S e sl s e vl
the differentkesetutioiviodosaigearb ¢ dgevaiftheThvafeflextiRy ekessnnaneblge argas images.
[001831SysifR) A0 can QRFULE am BN e e o0 2R ovs ety Bathveen the wafer

(supported by chuck 1040) and the camera 1010. It is noted that the X-Y stage 1020 can

include an X-stage and a Y-stage, wherein the X-stage and the Y-stage can be connected to

each other or separated from each other. Both the X-stage and the Y-stage can move the

chuck. Alternatively, the X-stage and the Y-stage move the camera. Alternatively, one of

the X-stage and the Y-stage moves the chuck while the other moves the camera. It is noted

that the X-Y stage can perform movements along two axes that are orthogonal to each

other but, alternatively, it can perform movements along axes that are not perpendicular to

each other.

[00179] Camera 1010 is used to acquire wafer edge area images 42 and images of

wafer non-edge areas (such as areas that are located within circle 33 of figure 5). The

entire wafer can be scanned by using, for example, a raster scan pattern

[00180] As illustrated above, the X-Y stage 1020 can introduce linear movements

of at least one of a camera 1010 and a wafer (placed on the chuck 1020) while the camera

1010 acquires wafer edge area images (during, at least, registration scan) and of wafer non-

edge areas.

[00181] It is noted that wafer edge images can be acquired during registration scan

and during another scan — as illustrated, for example, in figure 12. It is noted that the

registration scan is optional and wafer edge area images can be acquired at the same scan

as wafer non-edge areas.

[00182] Processor 1030 can be arranged to process the wafer edge area images. It

can perform at least one of the following:

1. Process the wafer edge area images to locate an edge of the wafer.
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combination of stages of these methods. [00184]Any of the mentioned above methods or a
combination thereof (of methods or method stages) can be executed by a computer that executed
instructions stored in a non-transitory computer readable medium of a computer program product.
[00185]It is noted that the order of stage of each method (even if referred to as a sequence of stages)
can differ from the order illustrate din the figure and that stages can be executed out of order, in an

overlapping or at legst pasiallytayariaaiog meaneheoed fehihilecasr tain featives efifBeinvention
have been illustrated and described herein, many modlflcatlons substitutions, changes, and

equivalents will now oc‘é[ﬁfefol?ﬁgs@%fl%%m%ﬂ TRefices ot 1 WHEFERIFE. T8 dREsdd that the
appended claims are ingagéddeayaica@) such modifications and changes as fall within the true spirit

of the invention. CLAIMS 1. A metho éd for wagar gistration, the method comprises: mq v ng a wafer
by an X-Y stage andiaddiiiHg AEASOLdYE s ﬁ?&xﬁ‘éi"%ﬁ’&‘ﬁr%&% g %ﬁf‘@? IE6§R4RSa images
to locate an edge of that\/}@f@r@naaadlamtéugi according to claim 1 comprising detecting a notch or a
line of the edge of the wafer.. 3. The methqd cco:glng to clalmq%l determlnln a wafer
alignment based orf 't IGSSHIE BPIRSCSHAT PR LA e b O WBge of the
wafer. 4. The method am@r@ﬁngetfmlarmaisdz@markslﬂgﬂﬂﬁmm&s@@g@ﬁ%manmmﬁaésteast one
wafer layer edge based on ap)ocatlon o&;he ed of th fﬁg 5..The metho 33% ordln(%; to claim 1,
comprising placing the RO a @Wuc thli;rﬂte %’ﬁsg tl\/lésgffgﬂ%'nt IB%Sl forféd such
that an inner portion of dhetefectiReadement is concealed by at least the edge of the wafer and an

outer portion of the reflective element.is hon-concealed by the wafer. 6. The meth(f chordlng to
claim 1, wherein thé re(raFéf(?ﬁ?/%S 8’[8%8&%‘}%6%% fprgjifer edgearca images by the process algorithm

vi. Determine a wafer alignment based on at least one of a location of the edge of
the wafer and a shape of the edge of the wafer.
vii. Detect a notch or a line of the edge of the wafer.
viii. Obtaining wafer edge area images of different resolution; and
ix. Process the edge area images of the different resolution to locate an edge of
the wafer.
x. Process non-edge areas images.
[00183] System 100 can execute any of the mentioned above methods or any
combination of stages of these methods.
[00184] Any of the mentioned above methods or a combination thereof (of methods
or method stages) can be executed by a computer that executed instructions stored in a
non-transitory computer readable medium of a computer program product.
[00185] It is noted that the order of stage of each method (even if referred to as a
sequence of stages) can differ from the order illustrate din the figure and that stages can be
executed out of order, in an overlapping or at least partially overlapping manner.
[00186] While certain features of the invention have been illustrated and described
herein, many modifications, substitutions, changes, and equivalents will now occur to
those of ordinary skill in the art. It is, therefore, to be understood that the appended claims
are intended to cover all such modifications and changes as fall within the true spirit of the

invention.
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7. The method according to claim 1, comprising processing the wafer edge area images to locate at
least one wafer layer edge that is proximate to the edge of the wafer and differs from the edge of the
layer. 8. The method according to claim 7, comprising detecting at least one of the edge of the wafer
and the wafer layer edge by performing at least one out of: iterative application of edge driven
cross bilateral filtering combined with grayscale morphologic operators; and application of
differential operators including but not limited to convolution kernel operations and morphologic
derivatives. 9. The method according to claim ClcalMSising detecting at least one of the edge of the
wafer and the wafer layer edge by at least one of: extraction of edges vector data including
configurable segmentation of continues edges according to edge directional information, fluctuation
severity and .intersaatiotheddndwafemeggingibnokemedyal segipesis into a combined edge segment
including polar int%%%ati%nwgpeq gxtrae&l@é n én t eagi  areas rle(a. TQrean}%tg\%d, ac ording to claim 7,
comprising detecting At fehdtone bf the edgegofa{he wafer no%ﬁe m%eferﬁayer%age y applying a
randomized Hougprtreagssiogrihewitierelliggaodd anvages banlinyecutkdps; arible wafgrterpolating gap areas
between edge segments using a polar interpolation based on the emerging circular \elliptic solution.
11 The method e B R A R B RS Cage o
the wafer antithel@cdition of the least one wafer layer edge to an inspection system. 12. The method
according tq claim ecr%rérggrti(iin Osfgﬂldi%;(:ipf.or ation about a location Of\{EQf%r e of Bp%awgder and a

e
; . Gt (i]% .
location of thie least one wafer ayer egdge 0 & metro ggsi/ngys?g%?l%gg The method a%corcﬁng to claim

1, comprising abtastiingewafelocdgm afdbeimiged bk difiénemtdesbhpior; theddgeodebsingliite edge area
images of e difefgat eaelytian o asale A 90c AT e NalEh 4. s MaPf agearding (o claim 1,
comprising obtaining by the camera ron-e ge areas | agegs, Whergin norl-e ge areas images are
images of dreasotitawditfelafioradgabesabgeadreatonaridhsredassiribethafiaon-edge areas images to

ot a locaton of o BN s TR L ST B e S S BT 0 i
1, comprisiggrspngiing wﬂgetiwgeﬂmmthatiemm%ted tochtibat @lﬁ iheeé@géion tbfahﬂa@enti‘@%etrology
SyStem.  clement is concealed by at least the edge of the wafer and an outer portion of the reflective
element is non-concealed by the wafer.
6. The method according to claim 1, wherein the reflective element is a mirror.
7. The method according to claim 1, comprising processing the wafer edge area
images to locate at least one wafer layer edge that is proximate to the edge of the wafer and
differs from the edge of the layer.
8. The method according to claim 7, comprising detecting at least one of the edge of
the wafer and the wafer layer edge by performing at least one out of:

iterative application of edge driven cross bilateral filtering combined with
grayscale morphologic operators; and

application of differential operators including but not limited to convolution kernel
operations and morphologic derivatives.
0. The method according to claim 7, comprising detecting at least one of the edge of
the wafer and the wafer layer edge by at least one of:

extraction of edges vector data including configurable segmentation of continues
edges according to edge directional information, fluctuation severity and intersections; and

merging broken edge segments into a combined edge segment including polar

interpolation and extrapolation in the gap areas.
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17. A method, comprising: moving a wafer, by an X-Y stage, while acquiring wafer edge area
images; and processing the wafer edge area images to locate an edge of the wafer and to obtain
information related to a metrology process or to an inspection process 18. The method according to
claim 17, comprising defining areas of interest based on a location of the edge of the wafer. 19. The
method according to claim 17, comprising defining areas of interest based on a location of the edge of

the wafer and. an erpegtatdocationiataonadan layesepigaidatdifpis fromsthmedgmetetihe wafer. 20.

The method according to claim 19, comprising associating a processing algorithm for each area of
interest, whbfo ATGR Hifo HHUEeIB 4 P AR kR Ao S CEESRE aBhthms, 21.

The metho@atiaerelinewoiaiiil ) wesstimad least one processing algorithm is an inspection process.
22. The method according to claim 20 wherein at least one pro,cessin? z;{%orith is ?%%geérology

process. 23. The ISR LESIAIAG TS WG $920 M ABMEHY WHBhIRG AT LFBRY P $Bn
informationtabtaired fposidilarwafstiedgeiaiea images. 24. The method according to claim 17,

comprising applying an inspection process on information obtajned, from the wafer edge area images.
o The mehloct acis AT SR, CoIRdr OBty e LA AT CGH aren
images; andfoitecessing the witerandn-eslge @ ed inedges tndatefet dafactdse?6. i systettiogomprising:
a camera; an X-Y stage for moving a wafer; wherein the camera is arranged to acquire wafer edge

area image@,’ My a processor that is arranged to process the wafer edge area images to locate an
edge of themafer. The method according to claim 7, comprising sending information about a

location of the edge of the wafer and a location of the least one wafer layer edge to a
metrology system.
13. The method according to claim 1, comprising obtaining wafer edge area images of
different resolution; and processing the edge area images of the different resolution to
locate an edge of the wafer.
14. The method according to claim 1, comprising obtaining by the camera non-edge
areas images, wherein non-edge areas images are images of areas that differ from wafer
edge areas ; and processing the non-edge areas images to detect defects.
15.  The method according to claim 1, comprising sending wafer edge information
about a location of the edge of the wafer to an inspection system.
16. The method according to claim 1, comprising sending wafer edge information
about a location of the edge of the wafer to a metrology system.
17. A method, comprising:

moving a wafer, by an X-Y stage, while acquiring wafer edge area images; and

processing the wafer edge area images to locate an edge of the wafer and to obtain
information related to a metrology process or to an inspection process
18. The method according to claim 17, comprising defining areas of interest based on a
location of the edge of the wafer.
19. The method according to claim 17, comprising defining areas of interest based on a
location of the edge of the wafer and an expected location of a wafer layer edge that differs

from the edge of the wafer.
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27. The system according to claim 26 wherein the processor is arranged to detect a notch or a line of
the edge of the wafer. 28. The system according to claim 26 wherein the processor is arranged to
determine a wafer alignment based on at least one of a location of the edge of the wafer and a shape
of the edge of the wafer. 29. The system according to claim 26, wherein the processor is arranged to
define an expected location of at least one wafer layer edge based on a location of the edge of the

wafer. 30. 20e syqiemracal daeid@statn RenCOMEsiaHdachuckittabcopipciscem a deideikive element
that is positioned such that an inner portion of the reflective element is concealed by at least the edge

of the wafer ridGhABtar BUFtSh SHHE PeHdetnd ErHEn O ISR Ge asiet B R AREe™1 . The

system accprelipgie:clrishieswherein the reflective element is a mirror. 32. The system according to
claim 26, wherein the processor is arranged.to process. the wafer edge area images to locate at least
one wafer Iajer edd TRATSLIBSHFHALS 1 SETBAG BFIRE Haras Ll AHCTSHRENH R AL 8Pthe layer.
33. The sysigpeacsopliegsto claim 32, wherein the processor is arranged to detect at least one of the

edge of the wafer and the wafer layer edge b rforming at least one out of: iterative application
of edge drividn crodCP AREAHG &4 DHEL N Gy leih SO BphAREH O e

application plediftepgrpiateperators including but not limited to convolution kernel operations and

morphologiggderiv Ives. §4 Thel%}(stem accoriiﬁg to claim 32, wherein the processor is arranged to
detect at least one OF tHE™ 88&%%0 T ARl the SWARITAIR %8%?7 HYTEASBERESFSS Mextraction
of edges veigtfordatiannditiiiiegd Gomfigurabler sagmesiatingef continues edges according to edge

directionalti)$ ormatjon, fluﬁu tion sﬁel:verityfnd intersections; and . megl?in broken edsge segments
into a combfried edqé%’ég%t SR SOTAF inte O OTREIGIT A ABPXIE A8 T8I thR Gep afBas. 35.
The systemigfoetdiog dbtaletidn Waereior b processagds arranged to detect at least one of the edge

of the wafer gnd the wafe I??]/er edge b nlg;&g a randomizgd.Hou h g}%nsform, with culling of low
orobabilty Outiers, AL ESF O A BORLSBR LB S oS (RS SIS B herpolation
based on thelgnerginggic ulat \aibipticisg itomfEaoh e gy steninegesrdidgiéot ceientd2, wherein the
processor ia g\rranged to send information about a location of the edge of the wafer and a location of

the least oné wafer I%X/Sé?rgucgoént%nglr%ﬁspection system.
a camera;

an X-Y stage for moving a wafer;

wherein the camera is arranged to acquire wafer edge area images; and

a processor that is arranged to process the wafer edge area images to locate an edge
of the wafer.
217. The system according to claim 26 wherein the processor is arranged to detect a
notch or a line of the edge of the wafer.
28.  The system according to claim 26 wherein the processor is arranged to determine a
wafer alignment based on at least one of a location of the edge of the wafer and a shape of
the edge of the wafer.
29. The system according to claim 26, wherein the processor is arranged to define an
expected location of at least one wafer layer edge based on a location of the edge of the
wafer.
30. The system according to claim 26, comprising a chuck that comprises a reflective
element that is positioned such that an inner portion of the reflective element is concealed
by at least the edge of the wafer and an outer portion of the reflective element is non-

concealed by the wafer.
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37. The system according to claim 32, wherein the processor is arranged to send information about a
location of the edge of the wafer and a location of the least one wafer layer edge to a metrology
system. 38. The system according to claim 26, wherein the processor is arranged to obtain wafer
edge area images of different resolution; and processing the edge area images of the different
resolution to locate an edge of the wafer. 39. The system according to claim 26, wherein the camera

is arranged3p, obtaiRNGRrEHAeBERE 5 aBas, e RIRINGR-eeie @e3RIRATRS algrsnages of areas
that differ from wafer edge areas ; and wherein the processor is arranged to process the non-edge
areas images to detect defects. 40. The system according to claim 26, wherein the processor is

arranged to33end Whﬁeﬂye@geaﬂﬁ@ifiﬁmimm@%Mwﬁ@ﬁ@mh@mg@iyﬁm@gﬁé@rm@ﬁsiﬂQection
system. 41, The SY1em. aRERAIRgIR flaim 28 (‘ﬁﬁ@%ﬁf@rt@fggol SHAf i éﬁUﬁHﬁ?@t&Otﬁee wafer edge

information about alocation of the edge of the wafer to a gy system. 42. The systém according
to claim 26 ohthereifahengibcissspin e adgeditdelbiine areas of interest based on a location of the

edge of the yyafer.743.. ] H&.SYIRMAGGO RIS LM Rfh WMERILG RIARSRRN Haltppgd to define

areas of interest basedon a location of the edge of the wafer and an expected location of a wafer layer
edge that diffestsofte9f the editgeobthnevifafernd4hic Waées astensdaecoydipidoanensint ERsuyierew the
processor ig@arranged to associate a processing algorithm for each area of interest, wherein at least

two areas of interest are associated with different processing algorithms. 45. The system according to
claim 46 wherein atlatise opeppretessiplg edgerititicis aroiispeletionl pfdess, a@ntrinedsysiém

according t%ﬂi i&Hlé‘ﬁlWBﬁé% igb{ﬁ@%&@gﬂocessing algorithm is a metrology process. 47. The
system according to claim 26, wherein the processor is arranged to apply a metrology process on

information obtainapPliettianehferadigbepesatondadyding brheoslisiad e cordivigtiondiainebe,
wherein the,BERGRIRINE AUPRERIIORARL AL Inspection process on information obtained from the

wafer edge area images. _ . _ _
34. The system according to claim 32, wherein the processor is arranged to detect at

least one of the edge of the wafer and the wafer layer edge by at least one of:

extraction of edges vector data including configurable segmentation of continues
edges according to edge directional information, fluctuation severity and intersections; and

merging broken edge segments into a combined edge segment including polar
interpolation and extrapolation in the gap areas.
35. The system according to claim 32, wherein the processor is arranged to detect at
least one of the edge of the wafer and the wafer layer edge by applying a randomized
Hough transform, with culling of low probability outliers; and

interpolating gap areas between edge segments using a polar interpolation based on
the emerging circular\elliptic solution.
36. The system according to claim 32, wherein the processor is arranged to send
information about a location of the edge of the wafer and a location of the least one wafer
layer edge to an inspection system.
37. The system according to claim 32, wherein the processor is arranged to send
information about a location of the edge of the wafer and a location of the least one wafer
layer edge to a metrology system.
38. The system according to claim 26, wherein the processor is arranged to obtain
wafer edge area images of different resolution; and processing the edge area images of the

different resolution to locate an edge of the wafer.
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39. The system according to claim 26, wherein the camera is arranged to obtain non-
edge areas images, wherein non-edge areas images are images of areas that differ from
wafer edge areas ; and wherein the processor is arranged to process the non-edge areas
images to detect defects.

40. The system according to claim 26, wherein the processor is arranged to send wafer
edge information about a location of the edge of the wafer to an inspection system.

41. The system according to claim 26, wherein the processor is arranged to send wafer
edge information about a location of the edge of the wafer to a metrology system.

42.  The system according to claim 26, wherein the processor is arranged to define
areas of interest based on a location of the edge of the wafer.

43. The system according to claim 26, wherein the processor is arranged to define
areas of interest based on a location of the edge of the wafer and an expected location of a
wafer layer edge that differs from the edge of the wafer.

44. The system according to claim 45, wherein the processor is arranged to associate a
processing algorithm for each area of interest, wherein at least two areas of interest are
associated with different processing algorithms.

45. The system according to claim 46 wherein at least one processing algorithm is an
inspection process.

46. The system according to claim 46 wherein at least one processing algorithm is a
metrology process.

47. The system according to claim 26, wherein the processor is arranged to apply a
metrology process on information obtained from the wafer edge area images.

48. The system according to claim 26, wherein the processor is arranged to apply an

inspection process on information obtained from the wafer edge area images.
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