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related to and clains the benefit of U S. Provisiona
Patent Application Serial No. 60/891,289 filed on
February 23, 2007, the teachings of which are

i ncorporated herein by reference. Background [02] The
present disclosure relates generally to systens and
nmet hod for nonitoring sem conductor wafer fabrication,
for exanple by inspection of an edge excl usion zone of
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waf er production, masking |ayers or resist |ayers are
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sem conductor wafer. At tines; th
end product quality, speed, and performance However, there continues to be

demand for faster, more reliable, and higher performing semiconductors. To assist
with these demands, better monitoring and/or inspection systems and methods are

continuously being sought.

For reference, semiconductors are often manufactured in wafer format, with
each wafer including a series of layers, including, for example, a silicon and
insulator layer or layers in a silicon-on-insulator or SOI wafer. Regardless, during
wafer production, masking layers or resist layers are often times applied to a wafer in
order to facilitate wafer patterning. Typically, a desired amount of liquid resist is
applied to a top surface of a wafer while the wafer is being rotated. As the wafer is
rotated, the resist material spreads outward radially from the center of the wafer and

toward the semiconductor edge such that the wafer is substantially coated with a



resist also flows over the wafer edge, which can
contam nate an edge normal and a backsi de of the
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applied in order to elirninate the "edge bead" of
resi st and/or other unwanted material proximte the
waf er edge. [05] It is also noted that during wafer
production, various naterial renobval processes are
enpl oyed, including, for exanple, wet etches, a dry
et ches, polishing, chem cal mechanical polishing
(CVWP), and others depending on the materials being
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Accurate placement of the edge exclusion region is critical to maintaining
edge die yield. Variation in film overlay in the edge exclusion region can lead to
yield-limiting defects. Edge Bead Removal (EBR) metrology or Edge Exclusion
Width (EEW) metrology describes a topside surface measurement of the wafer edge
exclusion region relative to the wafer center and the wafer edge. This measurement
is typically made at several points along the wafer’s edge and often ranges between 0
mm and 6 mm in width. In photolithography, EBR metrology data can be used to
determine the repeatability of wafer alignment and the accuracy of EBR dispensing

nozzles on the coat track.



profile, scalloping, splashing, and other EBR |ine

defects. Inproper EBR can al so create residuals on
wotdenomwage surfaces that can lead to PCT/US2008/054913

cross-contam nati on of wafers and handling equi pnent.

[08] The EBR process is used directly after resist

coating to renpbve excess photo resist around the

perinmeter of the wafer at a fixed distance fromthe

waf er edge. The edge excl usion regi on can be created

in tw ways. In a chemi cal EBR process, a solvent is

di spensed in this area as the wafer rotates to create

an edge_ex¢l.ysi on [ An optical _[EBR is, created |
(071 Gur § ng. W PTK 1o AR R 25 B0 BrfiG $088 BRRICHOR provides an

 eiafbet3hod tb Renksr {HEeiR Bbcdsh %nge‘t@c!‘tmg [jgggedﬁss% &BfRe EBR

g
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[10] This manual-type EBR measurement approach is oftentimes performed using

a manual profiler that is also used to measure trench depths. The tool works by
dragging a stylus across the wafer from the center outward. To measure EBR, the
distance (measurement #1) is recorded from some reference point to the point where
the stylus drops down from the resist height to the bare wafer where the EBR begins.
The distance from the same reference point to the point where the stylus falls off the
edge of the wafer (measurement #2) is also recorded. EBR width is calculated by
subtracting measurement #1 frbm measurement #2. These measurements are taken

at 3 points around the wafer, 120 degrees apart, as reflected in FIG. 1.

[11] EBR measurements taken on the profiler can be susceptible to error. The tool

is very sensitive to vibration, which can often result in false readings. The stylus can
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measurenents. This process is tinme consumng, as it
can take up to 10 mnutes to neasure 2 wafers using

wo biog/1ombhod. [ 12] This nmanual approach can al BOT/DS§2008/054913

probl ematic for several other reasons. First, the

waf er bevel transition can easily be m staken for the
waf er edge apex, leading to a smaller Edge Excl usion
Wdth (EEW neasurenent, thus conprom sing the
integrity of the data. Secondly, the EBR |ine can be
difficult to distinguish on patterned wafers,
especially when sone | ayers are patterned all the way
to the, edge. Addit]onallz, be .. .\
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COnding Mst WAfRET VREH r&ult; Rifrcghas sERPLAR IOV 9)t-aRsheedTBR to go
fil madhesi on. For exar?I e, an off-centered EBR
i naimodiced  ((hatofsaee oppiitgeat
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calfed PEPRE TG i PRRAEL ol Rl PSR ERcBofhots can
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ilmstress an

et camgesultsin several different process-

contamination. If the edge exclusion is too wide, there will be less surface area
available for product die. The ITRS roadmap previously called for an edge
exclusion of 2mm. In 2007, this value changed to 1.5mm to tie in with the 65nm

node.

Poor control of the Edge Bead Removal process leads to poor edge die yield.
EBR control and accuracy are important with multiple stacked layers. If EBR is off-
éenter, undercutting of films can lead to popping at the edge. Additionally, there is a
correlation between out-of-spec EBR metrology and edge film adhesion. For
example, an off-centered EBR indicates that part of the wafer edge is under-cleaned.
A larger-than-usual EBR may indicate an edge “overhang” problem in a film stack.
Unwanted film geometry along the wafer edge can cause unexpected film stress and

reduce film adhesion to the substrate, resulting in delamination and flaking. These



reduce filmadhesion to the substrate, resulting in
del am nati on and fl aki ng. Thesedefects can then be

woearabm®psed to the front side of the wafer. TPCEUSR08/054913
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particularly crucial in nmetal CVP where the

del am nated netal flakes can nove fromthe wafer edge
and | odge between the polishing pad and the front
surface of the wafer, causing severe front side
scratches during the polishing step. If an EBR
excursion is not detected in a tinmely manner, product
may need to be reworked or scrapped. [15] In Iight of

th ove, .a need exists for sem congugct f abyi.cation
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r epndisgri¢raritomhdre ngcessany,citarations to therfaopation procdssing steps.
an edge zone of the wafer. An edge bead renoval area

is identified in the represgnt ation, and at | east one
feature attribute is extrac m the identified

area. The extracted feature attribute is automatically

assess esamg 0L iR PR A W&hg%ﬂgtag)éés%ﬁhé bRbR d?{?leogﬁl% relate to

fabrication processing I n gen based” upon
as swsaiedid. méthod exranphicoridghensdoatiugor whier fiattricatiorc processing, for

include a pass/fail_designation for the wafer, as well
o SHBRIFVEIACPPOHPR; K3t MSRLCHOB: { Resomaf PRBadisfs, e method of

pr I N R I . g
C B ) ermediato stage
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i mpl emented in sonme enbodi nent s /th thi
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bas@busn iv sxirenied fram dhesidentifediaong Fheesiracied feature attribute is
E;g%gﬁlggéalw ggsgssle&],f %gBihfo%aE&ﬂ %laa?gc‘ Gh! Ptdfifs Yr BCtabrication
processing in generated based upon the assessment. For example, the status
information can include a pass/fail designation for the wafer, as well as
recommended modifications to the fabrication processing, either upstream or
downstream of the current stage of fabrication (or both). The recommended
modifications are automatically implemented in some embodiments. With this
methodology, various feature attributes (e.g., EBR line widths, locations, centricity,
etc.) can be quickly reviewed and process modifications implemented based on

various factors, including historical component yield information.



[17] FIG 1 is a sinplified illustration of a prior
art manual EBR netrology nethod; [18] FIG 2 is a
waedsedovL, top view of a sem conductor wafer BECT/EHRB2008/054913

i nternedi ate stage of fabrication processing to be

noni tored in accordance with principles of the present

di sclosure; [19] FIG 3A is a schematic, sectional

view of the wafer of FIG 2 along line 3-3 and a

portion of an associated fabrication nonitoring system

i n accordance with principles of the present

di sclosure; [20] FIG 3B is a schematic view of a

portion of another nonitoring systemuseful with or

apart fromthe moniBrigfiDegcripioncof the Dmawingsn: [ 21] FI G

4 is a schematlc Vi eW|IIustrat|ng the wafer of FIG 2

and th tor e FIG 3A in nore det .
171059, ' Pl S ' Sheited ltaion o & BroB o rantl EBR, mytrology

seﬁbﬁgaductor fabrication processing in accordance

with principles of the present disclosure; [23] FIG 6

is a flowdiagramillustrate alternative nmethods of
[18] mom t orFKig Lieri ssbemalee. dep Vighr ofvnsangporsiugios seiferptian intermediate

Wit h e n osur
%? eF?afncji?agr}%tlog pgo%eé%:‘ It ﬁ‘% 8:1\/ Plg%%%gn géc% cﬁan%e %\ﬁ#h }irﬂ%cgp&es of the
edgesernegisolbsmgw red durl ng an i nspectl on port| on of
net hods in accordance with principles of the present

di scl os . [25] FIG 7B is an exa eofa i e of .
(1912 top eﬁﬁﬁ 3ebi %Whgwaw rﬁﬁctwﬁvlsw 933{1% afoe)  FEGG? sionedine 3-3

a

o B L oo Ml S o pordnce with

pr pswpledoSthe pewerd difeBsjrell G 9A is schematic a view

of the conposite image of FIG 8 follow ng
nor mal In% und waf.er

an oxarbict s 2 Al St 2L G maBRal oh Rl i i bom vsefu
dU¥ith @r @phrt from the monitoring system of FIG. 3A;
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[21] FIG. 4 is a schematic view illustrating the wafer of FIG. 2 and the monitoring
system of FIG. 3A in more detail,

[22] FIG. 5 is a flow diagram of methods of monitoring semiconductor fabrication

processing in accordance with principles of the present disclosure;

[23] FIG. 6 is a flow diagram illustrate alternative methods of monitoring
semiconductor fabrication processing in accordance with principles of the present

disclosure;

[24] FIG. 7A is a schematic view of an image of a top edge region acquired during
an inspection portion of methods in accordance with principles of the present

disclosure;

[25] FIG. 7B is an example of an image of a top edge region showing a wafer

notch;



edge inspection portion of nethods in accordance with
principles of the present disclosure; [29] FIG 10 is
wa@2d08a0899k agr am of a portion of another nonit oPCTIYS2008/054913
nmethod; and [30] FIG 11 is a schematic view of a
conposite representation generated as part of sone
nmet hods in accordance with principles of the present
invention. Detailed Description [31] In the follow ng
detail ed description, reference is made to the
acconpanyi ng drawi ngs that forma part hereof, and in
which is shown, by way of illustration, specific
enmbodi nents in which aspects of the present disclaosure
[26] may be Padt i edchemationsiegr afyrrepsposii epfaredtagion of compressed
descr i t: L10d hr oughout
¢ gk B SPGB el P Bed i n
sufficient detail to enable those skilled in the art
[27] t 0 pr acFIG & Aaspectematit at viewprfcthe wonghiositd onageeof Et(hed following
enbodi ments may be utilized and structural, |ogical,
an@r@aggﬁtmé‘élaf@ﬁ’é]n‘ﬁ%%r > be made Wit hout departing
fromthe scope of the present disclosure. The
[28] f ol | owi pug; by Riah @il afBRU aorn@Rlized cohlpokied Riide gRAérated during an
be taken in a limting sense, and the scope of the
pr &tgeninspiction potian pE medfadsdn asadrjanse with npisérercal the present
cl(gi and equi val ents thereof. [32] In general terns,
th Sgigség%nt di scl osure provides various seni conduct or
fabrication processing nonitoring systens and net hods
[20] t hat f aEld.i10d$ & flatv dig@ai cdagottionpfiankthdemenitoring méthod; and
EBR-rel at ed defects, as well as characterizing the
qual ity_of the EBR process. Jn connection wth these
[301 char act %Ir%f Zdt P @n@?e‘gﬁtéc HEHi ‘{fjc?r CUIRQSHE FrRIEIeBIALiQR ggrcrated as part
e ey BerkBRchgbat ed
d(g%%qg%@ogsﬁé%gﬁogléﬂcs l“g?i I{%Ele%mé%g{ggi\g%ss, and can be
used to make necessary adjustnents to one or nore
processi ng steps, incl ubetdledUpstriptiol or "downstreant
of the fabrication processing step at which nonitoring
occurs, and as a basis faor wafer rework, decisions. .
Bllwth solethefelbewingdetpiled dessaption Aplstrngs és Mads toolhe ggeagppanying
th C e : :
el ?rr% n SF@]{Y 0 aﬁspzlﬁt?ijil érrémg acgin W@Eﬁ §Heolg‘glt’ é)g de¥ é)(i:‘tﬂsh’lstranon,
specific embodiments in which aspects of the present disclosure may be practiced.

In the drawings, like numerals describe substantially similar components throughout
the several views. These embodiments are described in sufficient detail to enable
those skilled in the art to practice aspects of the present disclosure. Other
embodiments may be utilized and structural, logical, and electrical changes may be
made without departing from the scope of the present disclosure. The following
detailed description is, therefore, not to be taken in a limiting sense, and the scope of
the present disclosure is defined only by the appended claims and equivalents
thereof.

[32] In general terms, the present disclosure provides various semiconductor
fabrication processing monitoring systems and methods that facilitate at least one of
quick detection of EBR-related defects, as well as characterizing the quality of the

EBR process. In connection with these characterizations, the monitored information
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thus significantly increasing edge die yield. [33] In
Iight of the above, aspects of the present disclosure

w@e@sila®osoni t ori ng systens and met hods posit i BOEUSING/054913

[33]

performed during an internediate stage of the

sem conduct or wafer fabrication processing, for:
exanple followng EBR Mre particularly, nonitoring
is perforned to obtain and eval uate edge i nage data
fromtop, normal, and/or bottomdirections in order to
identify or l|ocate various wafer features, including,
but not limted to, wafer features proxi mate the wafer
edge (such as wafer notch | ocations; various film

| a%ﬁ@r be #gwlovsdaloi Bvsal & gelationshine bpttecn dFRR related @fffgcts and the
|
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| ocations; resist edge to wafer edge offsefs
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Iayer centers war er ce 8r to Fe5|st cent
of freedss allawsl fcn'tthe ewntuall s]imiyatlaﬂ af atitee chds 6f BBRadhited defects,

i magi ng. . f i i ng" f
| Bl BfoiioRedy Bt ting s HERE L st "ot ot tor g

of the fabrication processing; thus, the systens and

met hodsmofigh¥oiTi the rab&e:, 1aBpRECON ﬂl@l’lﬁésewt dhyclob@rePirei€s tmonitoring
di scl osure include i nspectl ng a wafer along with one

orsyftses Bdnaethepe patitiened| orspasfosmed 314{1ng-ﬁ1§ intermediate stage of the
de%g??(%n%g&t%g'\&ﬁelo Eab\@@gf n hx%%%#{ngts fo dll E&%g@?g@}lgﬂﬂ%ﬁm& More

ove, are o
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[34]

waf er productjon., Thus, in saone enbodinents,

o\ /RPUBPTRA aiorebatiogh diections Hn raader ipaidentify g lgrsfg various wafer
" eRLMIG, IRARAIAL But ﬂﬂ%tﬁ&ﬂ QY wABHfeR f\m% L}ﬂﬁfnmate the wafer edge (such

Characterizatidn i's used to COntro processes,
f oas waﬁdrlnqtc}c dmlatloms,, andno ﬁhnolayerpedgeelo;camms sufloms resist edge

aﬁ@ L& oS nglt qr 1;1{}?%}\/\?@/55 Sﬁg% 30' ARt s(é%g f())ﬁ[}]xﬁ]é)focagons layer

f edidkhBssed; 0§uchefa§ rBHKE thiGhessERR dilid ldt}fer' hekikeadsby eWQfer edge
a resist edge ormed during an EBR process. Though

t elonﬁldnﬁeﬁﬁlst e@é@@wafer@dg%oﬁﬁetq; ledge elégeome-tggpg@ddg@pdmns and
0 Breh an Ry o e wr e G S SRR s S ayer conters

Pr dddcwpfice Serfdér tbhesiﬁrc%ﬁt%ﬁbffsets and others), using data collected from edge
imaging. As a point of reference, “inspecting” a wafer is used in this disclosure as a
subset of “monitoring” of the fabrication processing; thus, the systems and methods
of monitoring in accordance with the present disclosure include inspecting a wafer

along with one or more other operational steps.

The characteristics of wafer features, including those described above, are
often affected by material application and/or removal processes employed during
wafer production. Thus, in some embodiments, evaluation/inspection of such
features, including feature location, metrology, and/or other characterization is used
to control such processes, for quality control, and/or to improve yields, for example.

Some embodiment wafer edge inspection systems and methods are useful for
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di scl osure apply to resi st edges and ot her wafer
features forned via a variety of wafer fabrication

w@e@sas®es, inclusive of, but not limted to, pdpesivesas4913

[35]

[36]

renoval (EBR) processes. Regardless, in sone

enbodi nents, wafer edge nonitoring and/or inspection
systens and net hods hel p better ensure that wafer
processing is proceedingly correctly. For exanple,
sonme enbodi ments include nmeasuring EBR |ine position
relative to a center of a wafer and/or relative to an
edge of the wafer to provide infornmation relating to

whet her. th b |
ERepER da LBEin feste; Ji0F depesey: O BEBoLRLes infigaive of a
Asreﬁs@ﬁf@% é’&fmédrlﬁl?ﬁ%tah ERROPocs. @Bﬁ%‘l/‘glts%m 89t 8dge,” “edge of

some I ment nohitoring systens hods | ncT ude
actha i Teisisy” a“eslge | eemdo temb\gti t ]iiies;”rmg e'SEBBolitesinared generally used

por n_of fer r associ.ate

P ohleasinostly 6, ispfion Beimlettioq i BREEPIE o the present
r aﬁécﬁ&s&é fa?ﬁ& tﬁrﬁﬁhtaecfg%ﬁ‘taﬁﬁ StherByifet #anis FSrARA via a variety of
assenbl Y. n"sone enbodi nent S, an entire outer

ci wefenffehrivation @froqeh@s V\H!’Cblswlesf)fb it et |11|mltedc®ntedg¢1 bead removal

e o) bR Renall i e R oy PECR BR5 R oring andror

C OiRSFRicEmRt dy8fRmisNbAd ameBsIO 9n!eIpe beB& eaant aﬂlhp Rvd{fer @rocessing is
i mage), in order to_characterize various wafer

f eRrpefedingky orresilyt hBecxaBmis, iSpEE @Mﬂ@nem@) ﬁn@%@ﬁ@mg EBR
tezlgrgfjéoss{tﬁﬁxcrglsailg% %E@L}t&d&% \%fel; d/ 1)\/% (Bo ?é %F(the wafer 1o

suc 'S op I Ona eval ua
abmruvidannforhatich elatingtd evtetiee tlef whifee ivbdieg propesly oedttred during
of _resist |layers can g present on the wafer, each

r SEPRPTPCEHEE SpEPT Hlty Sporisen BIOCEHER. Thus, where
applicable, each of a plurality of resist edges of
| nter eshs 5 phCoH @loSing @S 66 mdrd Shaidine8abdite dlbodiment
'S contenplated tha? i nTormation obtained by i mgi ng

t hgowigdring se/tstg:ms asaddnethsdsamcbldp ac@uring Reerieenf digital images about

|
oo honf S Sa RAME RO it MR R Pl R s fef2p & opticat

pr&@iﬁﬁ& , §fosiidHe® ¥S4 eAal IRkt ﬁ&ﬁ@b@}ter\/ﬁf £fot&H¥t fige assembly. In
| ocati on_can be used for reporting andanal yzi ng waf er

defoars smbpdimentse dgecitse st nciramyprenem af | the u@,aégr ffpimaged in a
heéo%n?fg 4 i tétgglrzlm?ﬁ Wa e?%’ggé %?E est e efled and evaluated

pro or si nor ma
cumulatively, for example via concatenation into a composite representation (e.g.,

image), in order to characterize various wafer features such as those described above.
For example, the distance from the edge of the wafer to a resist edge, such as an EBR
line, is optionally evaluated about an entire circumference of the wafer. Any number
of resist layers can be present on the wafer, each resist layer defining a resist edge.
Thus, where applicable, each of a plurality of resist edges of interest is located as

desired.

Additionally, it is contemplated that information obtained by imaging the
wafer edge, such as a computed wafer center location, wafer edge location, the
locations of resist edges, and/or others can be used in related monitoring processes

and systems. For example, wafer center location can be used for reporting and

9



edge") to track the normal edge and permt the canera
to maintain proper focal distance fromthe normal edge

wobtooshesaf er. Thus, in sone enbodi nents, i nfoPCHUSING054913

[37]

[38]

collected with the nonitoring systens and nethods is
used as part of a larger, nore detail ed wafer
characterization system or nonitoring nethodol ogy.
[37] Wth the above background in mnd, FIG 2
illustrates a top view of a sem conductor wafer 50 at
an internedi ate stage of fabrication processing. The
waf er 50 defines a top edge regi on 100 extending

annul arly about, { he er 5Q. The waf 50
Rl 2ol Brfeer | QUAEr CRifydoTEPn § ABFURIeHed, fo help an

1Oiﬂ_spe%ti8\@ﬁ:§rheﬁ%§o§ﬁioﬁgcﬁto AndoR¥eprofife 612888 bf #Bwafér edge (“normal
resi'st center I12, a first resist edge 1ll4a, for

exaigeletoatra¢k tte EBRal iedgs and pewwihdhe eshem todyeintein proper focal

( FlL. 9B)., f exa e.a s nd EBR | ine, and a .

o 6o o e THEER! fall vl BE oG ot s, A ooy, cppgaiments,
t higfdrinatibn c6Bdctdd WHB eheldditoriipesybRmsamidenéthedoR ubéas part of a
extends from a gortl on of the layer of resist 108

prlesgeraneredgtailpd wafer charpeerizagign systera or srapigEpgimethedology.
waf er perineter edge 102 about the circunference of

t he wafgf..5 odi. , t r :

and thewlrltalllygehre %@V?ggéﬁlégrﬂ% ar e Ei S‘E‘?yac%gtﬁ ar gi tﬁgovmw of a
s hapdcor{dd8ior F¥dFer 20 fatimhhaterméedinigt stageest fdbeicath®i ptocessing. The
center 2_.at offset fromthe wafer center 104. Thi

t ymfgaé& ARGEna o7 @ﬁ%ﬁ‘yreg@ﬁ 1&5@@1&% FEuBgY @ﬁwr’fh%wafser 50. The
MBGARP 56 &lso hdittes qt’lﬁdf%eﬁ‘iﬁ{é@te’dg@ 162, dlsref &3 t104 CBwafer notch
and/or renoval of portions the resist 108. As

pr 6, alsyey odir¢sisd 4081 mresmt tantert lildna dirstaesisiradge 1d4a, for example a

r ot af | of wafer 50.durin abrjcatjan affects the .

| obit BB Ghe. Faeqing e ePeq B4t G000} 5 GenpTe. el EBR line,
104hd aMaisedhce 11M6 tefween MBS nfert feginthisit clpe & 02 1hdhRE WeR tesist edge
the wafer perinmeter edge 102 and the resist edge 114a

abbifle. t ee tappedaggesiongilrextatls frap acpertiph ©f the layenef resist 108

e ' ' W DUS d (o '
CTHRGTRL S AP ELLR AL ARV AR BRI e 102 abon
asthe rhtymfdrienve \oEthe wafer 5@ BidopmBdémiosdimentof boeh therwafesS0 and the
a center of rotation of the wafer 50 can be m saligned

f ri@Hs i acHRirlop aEf'elHB}glb’cer‘Al?‘r AP%he rel ative center of
rotation is not aligned with the wafer center 104,

resi st piG ot Rgthet BNEEsteohe refiliRRnRF ¢ ENLS bEa: @()m the wafer center

104. This type of inconsistency can arise due to operator or mechanical error during

formation of the resist 108 and/or removal of portions the resist 108. As previously
alluded to, a location of a center of rotation of wafer 50 during fabrication affects the
location of resist 108 relative to the wafer center 104, which, in turn, varies the
distance 116 between the Wéfer perimeter edge 102 and the resist edge 114a about
the top edge region 100. For example, in some embodiments, during various
automated fabrication steps the wafer 50 is secured on a chuck, or stage assembly.
However, due to automation or other errors, a center of rotation of the wafer 50 can
be misaligned from the wafer center 104. When the relative center of rotation is not
aligned with the wafer center 104, resist or other layers are often eccentrically

positioned relative to the wafer center 104 and the wafer perimeter edge 102.
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positioned relative to the wafer center 104 and the
waf er perinmeter edge 102.[39] FIG 2 illustrates the

WO e®B4b39eent er 112 at an exaggerated of fset frpoT/UR®08/054913

139]

[40]

[41]

waf er center 104, such that the m salignnment between
the two centers 104, 112 as well as non-uniformty of
the distance 116 between the wafer edge 102 and the
first resist edge 114a is readily discernable.
However, in practice, msalignment (i.e., deviation
froma desired degree of alignnent) between centers
104, 112 and edges 102, 114a is often difficult to

observe with the naked human eﬁ% [40] FIG 3A

provi deBlCa 25Buiaasdhe tppisheeatertl a@@? @%agggaﬁﬂ&%eq frora the wafer
30%{1?@? 1'053 déu%ﬁtt ag tﬁ@m@a@%ﬁent%e%n%& & QERER el'@)hslf)j afwell as
system’i n ‘accor ts of the present

di mﬂ-mﬁfdmutgsﬁ dbs distdnesd 1 be lbewmeeﬂ' hiee tvafer @dg@ 102 ghd thel O3t resist

i ncl udes the wafer edge 102, the first reS|st ed
119ge 1dfuisaradibisbssmabley 10egien n PrstGHiEieljgmen ?{i.c., deviation

subshang i?édg A8 o gxruifnbxft%f)&%}eté cérQ?rsfm@/ 0k HHRREes 102, 114a is

unmante sur erence betweén
Fl ¢3&n Gffantt t@Abserve witintheenabathueat sye. t he t op edge
region 100 is substantially annular in shape defining

an inn net er. substant.i al | nset. f

cdge T ARGy ideR SR EPa B e B ifeLiO Foilibg I3 ppindicated
of int 113, €X RASEI with Hodipohdls AW Sfstenhen heHrédnce deith l§pﬂ3@ts of the
Al'so shown i s a bottom edge region 134 opposite th

% opresanty disclogirsres Hosrribid bRlovanThe & wsigegegior 4AP ﬂ%glm@ﬂs the wafer
' erﬂegrﬁr%Of etﬁ,asf}rst lgesi?{1 g&%e Jéa!;gagﬁ)r/%{ I%)é}%ﬂ*g% daﬁgg 9{31%1819 81|3|0ywh10h 18

deéubetaﬂné;lyy ﬁfb@ of tﬁehﬁ:sﬁam had/od athee snwhiited eurface materials. With
enbadi nents, the wafer 50 js beveled. pro

W&fe@&d?@t"i@z F&ﬁfé aew %smasop@per%w@erfé'éﬂa lop gdPEFegion 100 is
ﬁﬁﬁgﬁj fi‘e Refia ?a‘ﬂeﬂﬁlar &ﬁ%ete?rb%bit&ﬁla@l?vﬁhet from

or|g|n 14 and nds to the wafer edgé
novam)lus tdge feaheesaf mtereﬂﬂ,gamch(as ripdet 981 emndgrenbihal dxposed region

Ty TN T
L Ui to d}é RegdRitRM devaich k48 a@s%fﬂ)eﬂﬁﬁ)sﬁﬁtlﬂ 2} ﬁbé‘ Oﬁ-MHS@BQ other film

exten to the wafer edge nornal
aI lwens landd¢ pptiewlly apoirmor dmags Oféthﬁﬁm @@ﬁa W@O@ﬂ@@éﬁﬁ%@iﬁn@d by

d| % rg t ? 59 Sgﬂm—fl_ﬂ%ﬂb()dlgﬁngnsiﬁgfmﬁo%gﬁtss wafer 50 is beveled

nore inc
proximate the wafer edge 102 and defines a top bevel 136, a Wafer edge normal 138,

and a bottom bevel 140. The top bevel 136 has an origin 142 and extends to the
wafer edge normal 138. The wafer edge normal 138 can generally be described as
an outer face and boundary of the wafer 50, thus defining a location of the wafer
edge 102. In turn, the bottom bevel 140 defines an origin 144 and extends to the

wafer edge normal 138.

FIG. 3A also illustrates a portion of a monitoring system 150 according to
some embodiments of the present disclosure, with FIG. 4 showing a more inclusive
schematic of the monitoring system 150. With reference between FIGS. 3A and 4,
the monitoring system 150 includes, in some embodiments, a top edge sensor 152, a

bottom edge sensor 154, an edge normal sensor 156, a controller 158, a base 160,
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schematic of the nonitoring system 150. Wth reference
between FIGS. 3A and 4, the nonitoring system 150

WO p@Baa®e4 i n sone enbodi ments, a top edge senBOT/USHAS/054913

[42]

[43]

a bottom edge sensor 154, an edge normal sensor 156, a
control l er 158, a base 160, and a stage assenbly 162.
Alternatively or additionally, and as shown in FIG

3B, the system 150 can include a top bevel sensor 15la
and a bottom bevel sensor 151b. The top and bottom
bevel sensors 15l1a, 151b can be akin to the sensor
152-156, provided as two di nension i nmagi ng sensors,

line scan i nmagi ng sensors, .etc. [42,1, The controller,

1584, % slage asserblo syt AHernatively ot addifipppllyednd as shown in FIG. 3B,
pragr [

oG R b Sa AR YRREIU el {5 EPan bl B R pVTRERR 1510,
SOTiee eopbad beitins betdiasensond 1614, 41516 58n ibecdkird és thensans@ge52-156,
acquisia%on n&dule 158a .for recej.vin lnﬂg& data from
onlioBidethas BV FImeREloR RRsing FRPS. Hrescan BRaginggensers, eic,
conposite nodul e 158b for generating a conposite

repr esephédr@idlief 1 FRATDHESSLEbMIRREG D pPdt eSO vy Slafimed to
modul e 158c for anal yzing the conposite inage to o

| deperate waones oroduiss.eswehf asr progeany meedulesn®r sopgeéing the monitoring

interfa dul e 158d.f or ti onal. j S i ng. t he
conetstt P Bt hittRich s 16 bRt 1 54 LR AOAIS acquisition
usgbda@e 1588 Ghi Redivhgl dvige AR BORMP&E diembrR@Pthetsdigt ensors 152,
158b further includes an |ma§)e concat enati ng nodul e

158 {166, gtqompepity modalei fyer Aeacratng degpinnositp reysscatation of

no f. f [ . i .

oot i, SOTBBS IO ol TBS8: 0 ab8hs e composi
or inape o édextify ond or miorkwafenif¢atutegrandi a wee 8grfacB8godude 158d for
separate controUer(s) otherw se operati r. )
conmtioglly ﬁtiplépi’éﬁgé{l? BATRPRSHiS FePIRIIPR ATy PHRBER infymation to a user

eqiu t ' j YR :
A4 @é@ﬁf)e%ge{lo@. eltqﬁecfo?llgr?gﬁg Fng%a"t 8fule Q5%6 f?lrthe%ﬁflcludes an image

descri bed ow, 158 1s optionally
pr copcatenaithgt modfifeeti8eafor disthengritine dmpgescask an image compression

o BUEISHEES Do E Bt LU HRREHE S conrotler 159
| Nl REIAARE ovidor GhSre NaMsbdbaR Hi@a(wiftd1&Bireless) NB8g to separate

controller 158, is adapted to perform edge inspection )
aneprdsplEn(a) otherwade eperaingfaspontrelingapsraliony) of &byigatigguprocessing

. - . . o -
¢ ap R T R o MR e BB ERA I s ponfgoller 158 s
t opptRAghy pRipsanmed D ¢ffchistedetantasepcds modificatiedgby prompting

normal sensor 156 . ) . .
of the separate controller(s) via the link(s) 158g. The system 150, including the

various modules 158a to 158f of the controller 158, is adapted to perform edge
inspection and evaluation of wafer features according to various embodiment

methods of monitoring semiconductor fabrication processing edge described below.

The top edge sensor 152 includes a camera 164, the edge normal sensor 156
includes a camera 166, and the bottom edge sensor 154 includes a camera 168. The
stage assembly 162 includes a motor 170, an encoder 172, and a support plate 174.
The motor 170 is coupled to the encoder 172 and the support plate 174, such that the
motor 170 is adapted to rotate the support plate 174. The encoder 172 provides
counts for controlling the position of motor 170 (and thus the support plate 174),
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i ncludes a canera 166, and the bottom edge sensor 154
i ncludes a canera 168. The stage assenbly 162 i ncl udes

w@20mt1a399470, an encoder 172, and a support plBCBUSHE8/054913

The notor 170 is coupled to the encoder 172 and the
support plate 174, such that the notor 170 is adapted
to rotate the support plate 174. The encoder 172
provi des counts for controlling the position of notor
170 (and thus the support plate 174), al t hough ot her
met hods/ appar at uses for controlling a position of the
nmotor 170 are contenpl ated. The various sensors 152,

154 and/ or 156 gener al .ed to ca
slother anefds anBRaiichc T&Qmﬁ‘? &2 d0sitah ol dhe mptey 170 are
f YRR I
under st oo%dt gl;}%eel to g%g%gé?ég%z g?%dh%{dr{gli E%Cﬁg&:énsorg adapted o
15®,pulrs4xmag% ofthd ovaddrl §0,0peh atsegaysated amtzjmt colar image data for

vari et ran s, or..categories,t i ncl ydi
fo?xag;é mBBﬂ}P 4 SP?]‘H@ C}??g ’ugier?tggld tﬂag conpenlplfz%ecri1 Yhat the
I n&&&&@rme%uc 15603 sFERAE a&@a&—aﬁ{gow 8 v%ﬁ@ 5f principles or
confocal principles in some embodi ments. [44] The

sumjegomepl dteeeoi,mn@uthgr for terampke epptsxal dmnagm X-ray imaging,
rot th fe troll
SRt SBR[t J RO sy SR st some
t hgrgabedimel®e. communi cation |ink 176, to the edge nor mal
sensor 156 through the communication link 178, to the
bott om edge sensqr 154 through the cg nication |ink

[441 180, andhe suRPRE Riptsdd4 SURRAHS| the f@ﬁertfrﬂ jofation and imaging of

[45]

CORRUPAEAEH Ofmb c&lftreli%g &5§_t§kﬁel% taB) r?'a%ﬁ% th® %rﬂ 9&5% sensor 152

the top edge sensor ge nor enso
t hﬁlrda[ght the eedgeurs eativar lirk5476, andthb fedgs magealasseorbl 56 fiGGugh the

thr ou the co catl | inks 176, 18 182 for
Ao BB, 65 thedgpttompeasrsenise 1 5 OB} g foggrication
r eﬁiﬂ@@S@%d tBeé %gé E@eﬁg@el@ﬂh@d%]tﬁg coﬁlﬂ'ﬂndaﬁon link 182. The

particular, in sone embodi'nments waf er IS
i neqtollet 15 chntrole the mpt @ctgen@nsqrstﬂmm%@dgq nmad) psensor 156, the

0RO SFH R S et B R e

NDIEOT176)0 78 Y80 MBS &t m?fef:ﬁéﬂfﬁf tHeQBp @y regioRSTOBS tHetbbttom edge
of the top edge region 100 (FIG 3A) via the top edge

s efpgim 133 predganrmabl®yst em 150 additional ly or
al t er nat eI y performs

In particular, in some embodiments, the wafer 50 is inspected with the
monitoring system 150 from top, normal, and/or bottom directions, with various
angles of inspection contemplated. In general terms, the monitoring system 150
performs “top-down” inspection of the top edge region 100 (FIG. 3A) via the top
edge sensor 152. The monitoring system 150 additionally or alternately performs
“bottom-up” inspection of the bottom edge region 134 proximate via the bottom
edge sensor 154 and/or the wafer edge normal 138 via the edge normal sensor 156.
In some embodiments the monitoring system 150 inspects an edge portion of the
wafer 50, the edge portion including one or more of the top edge region 130, the
bottom edge region 134, and/or the wafer edge normal 138 by acquiring image data
at a plurality of circumferential image frame locations about the wafer 50. For

example, the first resist edge 114a, the exposed edge region 130, the top bevel 136,
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"bottom up” inspection of the bottom edge region 134
proxi mate via the bottom edge sensor 154 and/or the

wowrdenomege nornmal 138 via the edge nornal senBOT/USHBS/054913

[46]

147]

In some enbodi nents the nonitoring system 150 i nspects
an edge portion of the wafer 50, the edge portion

i ncl udi ng one or nore of the top edge region 130, the
bott om edge regi on 134, and/or the wafer edge nornal
138 by acquiring image data at a plurality of
circunferential image franme | ocations about the wafer
50 For exanpl e, the first resi st edge 1ll4a, the

d th bevel d.t :
%&fﬁ‘& g‘%’i 6‘%%(39 @gﬁ ?Rt}oglﬁ }9 F’J%}ag?ar\{?:egné)&g’ gﬁgﬁfﬁfef Eg with the top
Waé(ﬁge S%QSOWHS@ h{]ﬁn‘ﬁ QRe B&ESN %&g@ﬁhﬂﬁ& anB/dkr %Enedgtehl%rmal sensor

bottom edge sensor 154 and/ or t he edge normal sensor

1565@ar@ appiohadbyalsed te doege e |bnﬁg@ adge r¢gien &34 ardyedge normal 138,
a1 | tivel bout th
nfioplE aPOL REHRS Safisot? dnorEaRRERET 1,0 11

particular, with reference to FIGS. 3A and 3B, the top

edge sehsprtidiiat, Watk reflerenos peElG B AsdndB B, §He topfedgedﬁgﬁor 152 has
normal sensor 156 has an inspection area 186, the edg

bof} BIPEiqE srea B, I‘Bf‘sed?ﬂ‘? NORGALIIF PN 4 ag angSpestien f”i?ﬁ 186, the

beygle reaRP en}o'ill%ﬂ%% g%%ﬁ)%ét@&?&ﬂe?%@r G t5Pbe?l gerf?axelﬁa has

botton1beve sensor as an I nspection area
Asarc anspdptios esma 186, &FidGhe Bttorh bevel ssppec i 5 inharapdnp86ti@parea 187.

e”%%ﬁ%aéeﬁiﬁﬁeﬁglég iRt iah 165 Y Saroatires fglbovel 136 of
138 v@fm daRE 192, dsheell Wﬁ&ﬂsqﬁ tRd &fe &Y 1 3PP %HE@ﬁ&mal 138.

the bottom bevel 140, as wel|l as portions of the edge
noPiveilarlys $heainspactien etﬁgewﬁoqancﬂmpqmnass Ithe befitim bevel 140 as well as

CnESEaRT Bldie 188 rBRE LR e Yad EPHEE 3L 1 GRRE fhodiments
fi st ecfg@&h@iec@cﬂﬁ@ysielﬂdﬂhh@e@%ﬂﬁ&%b e@@aerergﬁgﬂ 000 &,Bale wafer 50

and the top bevel 136; the edge nornmal 138; and the
botncmreﬁj@\é firgtgeeist aiga 1ilAe the ﬁﬁgass%qh gdgsoregiom 138 and thegtop bevel

aceof. gtgxé‘ %dgé’ gbﬁfalgir}% l%ié& o0, g@g}e%uéxgﬁm ]lﬁtﬁudl the bottom

respecti very be  un i sone
enbméil mw;tascorﬂing td de mﬂgetmsregleml mOQS@dBé;mbﬁeptlvely It should be

s.to the ins n area 184. rlghtfle
<1d ot sy Se; %ﬂﬁ%‘ﬁ@eeﬁbot ? nioRt & geaIrFE‘BHgﬂgo generally

daE&r?efs?@ﬂd% fiol fhd %ﬁﬂ:ﬁ&f‘ are@nDMOf B t‘fi@ld’rﬁ}ﬁnﬁ%ﬁdnzﬁ used in some
nonochromati c, sel'ected wavel engt and/ or broadband

i | fmhodistentsn, aldmgh naeikdiel] illumination, any of which may utilize

monochromatic, selected wavelength, and/or broadband illumination, combinations

of darkfield and brightfield illumination, and other imaging techniques such as those

previously referenced are also contemplated.

The monitoring system 150' can assume a variety of forms differing from
those described above. For example, the system 150 can incorporate less than five of
the sensors 151a-156 (e.g., only the top edge sensor 152 and/or the edge normal
sensor 156 are provided). Regardless, the controller 158 is further programmed to
perform various steps in accordance with methods of the present disclosure describe

below.
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of darkfield and brightfield illumnation, and other
i magi ng techni ques such as those previously referenced

wae@sab®es cont enpl ated. [47] The nonitoring syBCEUSAH8054913

[48]

[49]

[50]

can assune a variety of forns differing fromthose
descri bed above. For exanple, the system 150 can
incorporate less than five of the sensors 15la-156
(e.g., only the top edge sensor 152 and/or the edge
normal sensor 156 are provided). Regardless, the
controller 158 is further progranmed to perform
various steps in accordance with nethods of the

present. di scl asure descr.i.be. bel ow. [ 48] r .
a1 cuMare ety o oA TGP ge fgv% figeram of FIG.
f1 9w, hAskoARE Hethdd20® in AcEBRMACO Wil agfRERASH BOGrédent disclosure
accordance with aspects of the present disclosure

i neclvdescapapingrat Aepshend image obthe Wafage0 af desaubedbalew50202. As

as_descri bed bel ow at .202. i f_refer e .

C e PRBEO SR BF RRinionhe rlhol A0 g Prpled B A Smbodiments
enbw therpdTess0 Anntikermiedige stfe af tha Remitoadwatst fabecatiba Peocessing,
of the sem conductor fabrication processi

,f
exBskenpleimmediately follawingERR stets)s tRupthsy, .r‘}gqca#n%;iéé image(s) can
th ' : t :

6 R JRIFRL R30G5 34 4 8001 i some

engabodimehis aglphlityadfiinygeafofithagefer 60 atehmptuaédviabeamwe or all of
capt ured v'ai one, two or all of the sensors 15la- 156.

[ 4 Sﬁésﬁésrfdﬁ &ss1°8f the nunber of captured inages, at

204, image conpression is perforned to generate a

conposi E5en ; ogi ARG ion i
an edgekg%dr’ﬁge%f thg%%grr 6%%&%8%@3@ a ’al%tcze(%f abl'e ?or?gggssmn .
coppfassidn gepohiv geespasite Wprseitigem (eg.ge samppsitreimage) of an

I n_general terns LN _sgonme e di.nents, the.i .
coffher of FhRplr L\ AP S Ser Gl elue: Sombieiait Rdfgianes are
al eagribdeinedefeZB6w ( dn FenerbBRRrhd, 08 in 86ihe lenfdlinfeiE the image
edge, wafer notch, etc.) into a _singular,

t WeRTHPIRESIAY] BpTHertp dpFiedse el eonl Bfc wifer SAcalong ther edgs)zone (e.g.,
Fo I ' ri u vert :

t oEBRIFIRE atPplakhibl Aeet AR, hRh 1E) 58 o YRR, e Bhonsional
t orepregetitutidrl b€atl the featusegs). ( Eogexamplaus aidalay ringnfeature can be

tc. [50] Th [
reegqné(\[ggg; g}]aesg%iegg{jggee; %@I&% fggatrg %ane gg %oéx(f)er}t%dltg a curvilinear or

curved (e.g., sinusoidal) line; etc.

The representation of the edge zone is reviewed and an edge bead removal
area identified at 206. The identified edge bead removal area is generally inclusive
of the wafer perimeter edge as represented in the composite representation, as well as
any EBR lines represented (or expected EBR line(s) as described below) in the
composite representation.  Thus, for example, in some embodiments, the
identification at 206 entails identifying a representation of the top edge 100 in the
composite representation. Alternatively, the identified edge bead removal area can
be a pre-determined feature of interest that is identifiable in the composite

representation (e.g., an EBR line, a wafer perimeter edge, etc.).
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area identified at 206. The identified edge bead
renmoval area is generally inclusive of the wafer

w@eoosireves edge as represented in the conposit BCT/US2008/054913

(511

[52]

representation, as well as any EBR |ines represented
(or expected EBR line(s) as described below) in the
conposite representation. Thus, for exanple, in sone
enbodi nents, the identification at 206 entails
identifying a representation of the top edge 100 in
the conposite representation. Alternatively, the
identified edge bead renoval area can be a
pre- det e, of
Pont | fAairRr g Ratle et i oEEhetbd Mo o igepified odo bead

EBRrﬂdvlbarezaawﬁfSe IThedtitamrtatttibetdgss well as the [Iﬁa‘tﬂlod%ﬂogﬁ@&bhmh it is
one feature attribute is extracted fromthe identified
edgeragted drome MDYk CRTCSSRIoNT £l 3SENE A yarety of forms. In some

aseﬁﬁ‘@t& im@rts ! A6 ARiBIH BAR Y% Wbk tin bR ogﬁé fiffresentation.

fromthe conposite representation, can assu
Y aUn@rythcn‘e diopunstantes, slenfeatmb atdiieatcan be e el tor 2 width of the

" OEPR e A Sl srelict HRiE R S5iubGurrivpecan b 4 mgximum
at f{dthut &nﬁﬁﬁnben&h a@h@ér d Ridh,V¥ febn SfidthDe sERBaldl dRiation in
P

For exarrpl e, the extracted EBR I'ine width attribute
candﬁ@a eic.nelengrthe BBRtline 25 chivasterizadvindhe composifearpigeentation. In

10 BBl Sy ORI, B AR 8 s o

C mmemhﬁceﬂ Ef@mmﬁ rif alid EBRmnet fehtard @AY HandehLd&idtitd of EBR line
feature attribute to be extracted at 208 relates to a

et iEmathc BPRf in tidh con berflesiEppied iane featiry charpaierstic (e.g., the
st %;‘ﬁ@é EﬂYt'e?s' aori}urﬁzfuog'% hie ed'izﬁgra Ellfﬁl FB{%th tﬂg method of
W esli

nated as a ure eharacteri st
( ee)graptlmglmcmdatgﬂ@eraﬂhmg hutatie cEf the featvet cloaraciéridtioet a plurality of

feat.ure_ charac istic with, the nethod of. extracting
i NR9Ri§ |?ﬂ gj&eeﬁﬁknl%a%c%m@ nEe fcgg][paf,lg representation. The

ChahiBelea tatlleC@buft iP kﬁéhQieL i npbgoiﬁ)?%%gaﬁ Bahehieic i3 fnction to

line as characterized int representation.
Th@e drtermined dafuent Eoreexatple, bhere the faahee attiebwe isi stadatlydeviation

to th d
PR a8 i IR e B P s T it = width of
st B AdRRI 15618 (b bdfRBtel Mn ERRchipesitel @ﬁﬂésexﬁaﬁoh;l@t hgﬂmmg of points
feature attribute can include determ ning a
t hé-geBRotei then § peinty itemedvrly morn thap SRmedntsleand then calculating the
! hgﬁﬁ%?$3§5%t%ﬁ) f%{.e &-8 t&{aﬁnéc{ &’al&efs points (e.g., rore

poi N ernative t han 50 poi nt s) and
then cal culating the

~Alternatively or additionally, the feature attribute can be or relate to a

distance between the EBR line and an outer perimeter of the wafer as characterized
in the composite representation. For example, the extracted EBR line-outer
perimeter distance attribute can be a maximum distance, a minimum distance, an
average distance, a mean distance, a standard deviation in distance, etc., as
characterized in the composite representation. In this regard, where the feature
attribute to be extracted at 208 relates to a mathematical function of the EBR line-
outer perimeter distance feature (e.g., standard deviation of EBR line-outer perimeter

distance), the distance can be designated as a feature characteristic (e.g., the feature
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standard devi ation of the so-determ ned val ues. [52]
Alternatively or additionally, the feature attribute

weanshasd relate to a di stance between t he EBRCT/UREN08/054913

and an outer perineter of the wafer as characterized
in the conposite representation. For exanple, the
extracted EBR |line-outer perineter distance attribute
can be a maxi num di stance, a m ni mum di stance, an
aver age di stance, a nean distance, a standard
deviation in distance, etc., as characterized in the
conposite representation. In this regard, mhere t he

tt b t b t t ed t 208 at ;
ottt P PR ol dn Seelith R g i) Rty e et B Sctracting

di igtReme (ﬁ&&hﬁﬁﬁg (value of (iR ke dBNMLEHAR cha %ﬁﬁaah‘cy of points
i ne-outer gerl met er di st ance t he di stance can

dealpugthediBRding a5 chuaptericddainabe epmpesite Teprespntatione The extracted
fe e ' f fi.the f
ch%gr‘tg{c:: 2%51%’( eth%/:\ln’? td%tc rm(é(tl bSrn O‘%ﬂgl%l ea)t( tn?agltl eﬁlcal function to the

| nddterchimgl crelues. m Forngkagnple}l wherof the h&aﬁlm’itattﬁbute is mean distance
characteristic at a pI urality of p0| nts al ong the EBR

| i BréwWeen teaBR tliei andothe utes @eem%sq fithe meafere Seiching dhe feature

LoEyreRld 8t R @M fidhy ) Biafiod BeliiEd dEEBIRTHAE aniihe outer
v gpemimseterH@s refleatedlie thardueimsith eepresantatien)edttar plinatiey oSpoints (e.g.,
nmean d st ?nce be& ween etlhe EBR I ine an

pefPif Fpints, & WQY y Berg thap; Sgé)opﬁg a,nggp?pr %a?culatmg the mean

atdlgth}@dg(gtg@% Hé{gﬂnﬂg&i@aqﬁe%l rnining a di stance between
the EBR line and the outer perineter (as reflected in

the conposite representation) at a plurality of points

[53] (e. g. eraativedn & pdditiorallyal ther wstractﬂél yeafwee aifiibiie 5on be a

[54]

P ljeghg hﬁﬁ%g@(yﬂ%gltﬁ@ls u'fl%%j;) % fug Sngjt ecido;;nspto?{‘gg represengﬁon For
adcddatnp@m dhd Seatir&iecrtd adceot EBRUIMeS, aid the Ritrectéd@fealife attribute
rel ati onshi p_between two r nore) features_ in the

c dﬁél@éﬁl‘feeofraeblf%@ﬁ@ that the. éﬂ%ﬂm@w@@la@ ong jaothers tMpregarticularly,

I r

o e nARa ot ¥ leted Mt Mo 6hER 1 Bl Rization of
| | wsthayver Inap then @ BRN dihé efkatuiled rceogsaovercmﬂeaaﬂlqtherl in #heneomposite
enbodi r{ extra ted feature attribute includes

r@ﬂ’ﬁ?‘%&% 1 2 at g&)‘ﬁ ettll?gr ciracied dratuiepretiribile  includes a
fe@fafﬂc?e%zﬁt’i&?’ Sfo¥ Qfonﬁﬁﬁs&f‘ QFNETdeletmid 6OARRS! defiation in mean
representation. tively, the extracted feature
atpositioning ofcl GuwsEBR line with a determined standard deviation in mean

positioning of a second EBR line, based upon the representations of the first and

second EBR lines in the composite representation.

Alternatively or additionally, the extracted feature attribute can be an extent
of completeness of a feature, such as an extent of completeness of an EBR line
feature. As a point of reference, an entirety of a properly formed EBR line will be
within, and spaced internally from, an outer perimeter of the wafer 50. Thus, a
properly formed EBR line will define a continuous ring (noting that the ring may or
may not be a perfect or near-perfect circle; any deviations from a true circle can
serve as alternative extracted feature attributes). Where, however, the EBR

processing is deficient, the EBR line, or segment(s) thereof, can extend to the wafer
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characterization of a conparison of a determ ned
standard deviation in nmean positioning of a first EBR

wo 20vs/1089bh a determ ned standard devi ati on i n PERNS2008/054913

(53]

[56]

positioning of a second EBR |ine, based upon the
representations of the first and second EBR lines in
the conposite representation. [54] Alternatively or
additionally, the extracted feature attribute can be
an extent of conpleteness of a feature, such as an
extent of conpleteness of an EBR line feature. As a
poi nt of reference, an entirety of a properly forned

EBRIlne will be within, and,spaced internall rom, .
T T8 e ey oS or S pedisies SERpgvely being

f ogyRElafeBiy.L.] A Gisdthlb1dBBRNEAISER Mot Bﬁgﬂiﬁ tﬁé %fe& Rater Plrimeter).
that the ring may or may not be a perfect

nebite gxderft of completsness aanyu@éhmmpmﬂ@lﬁ 2 dﬁvrlatlctnr ofeandidergified EBR

can serve alter ive act e eat

o b, Ot o st BF olHF SRS HiBek i eappe expressed

defor ek£hple, e pEBEAthde ST, the Em@ﬁf@ fund)in tﬂ'&%cﬁﬂéosﬁ@ @épresentation

extend to the waferouter perineter, with th

se@n@qmmag?d TR “complaigt EB%ohli%r Bjewamfefrxaéfpﬂfedhm df yvould be

| - ' .

b8t B A s P ST 1L B R b0 ABR S e

c dﬂﬁ{g@lﬁ’éﬂﬁﬁ@e@ﬁm ithe ledptls of fpvefanierpetmetat(asonrfledted in the

an identified EBR |line feature from a fon‘pl ete ring

( OFOTRROSKEE TBRICRiatioNs WhER @) ackish EBRh lingfeatise i &Ompewc image
eXIn] fen Sthat ﬁefSG)e ?ngeewgf'er oRfr ?Bgle'té?qeﬁﬁﬁ' Nfle ! egltrﬁagd feature
conposi t repr esentation as conmpared to a > conple

EBRtributeecaniye chasactetizekanpl £ eklvanof cdmpletehebs b én other words, with

ex ected tha n EBR |jnpe feat ereflected )
R ), DAttt ot Ry CBaraqigize fhe EBR line foature as
?5%%6&1 Wit h a Iength of the wafer outer

perlmster (as reflected in the conposite

representation); where an actual EBR line feature in
t he cor@bgma@vqlmg @ddm@laélyz m@cﬁa@tnétfeahsrem@ﬂe capéde centricity

] S L B8 SEMASCHER RRLYA, cniy

C Odnfpi RuRRefSative o el Rhtiled esiterwitie Whics (neflexail tli‘e compos1te
the extracted feature attribute characterizes the

| i WRres RN @8 BrerpignyBod (o EpInstEnt Ph ffrnw% rrﬁlaflw é‘P y¢ 100%
Orcd%ggﬂthb %Qéejhlnx arf r%ta%ﬁgﬂeﬁ%ecﬂe &f@ﬁc%cﬁfe@ttu}é 5 o? Cﬁg a point of

be centricity eature, such as centricity
EBRfdrenve, fheﬁBR hne béor tee e ¢eintrid wldtiye te dretwafer ¢opter due to various

processing variables, such as resist or film deposition, EBR processing off-set, etc.

One or more different variables can contribute to centricity deviations of other

features of interest.

Alternatively or additionally, the extracted feature attribute can be or relate to
absence of an expected feature, such as absence of an expected EBR line feature.
For example, the predetermined layout and “recipe” of a particular semiconductor
wafer (or series of wafers) will prescribe the location(s) of EBR line(s) along the
wafer and relative to the wafer outer perimeter. Even if the wafer being inspected as
part of the monitoring process is not perfectly formed, EBR line(s) will be reflected

in the composite representation at or along a location relative to the wafer outer
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of a feature relative to an identified center of the
wafer (as reflected in the conposite representation)

wa@anshasget ermi ned (e.g., percent of centri citRCT/US2008/054913

[57]

(58]

relative to a 100% concentric baseline) and

establ i shed as the extracted feature attribute. As a

poi nt of reference, the EBR |ine can be non-centric
relative to the wafer center due to various processing

vari abl es, such as resist or filmdeposition, EBR
processing off-set, etc. One or nore different

vari abl es can contribute to centricity deviations of

ot her features of interest. [56] Alkernatively,or

a dRATITRESPfa PPREOXINAENG xQT, SemBynfaie With athe r psdgtermiged 198 expected

or t f . : : .
oL B bOpPRERE o REe) il sty gahumoe in
t heonprmsite represenadoh)a Byutefaeantitly tei predetatmivedpar ¢xipeciedEBR line
sem conduct or wafer (or series of wafers) w.ll « .

priosaiFqnyaiqrAatipy ¢ ?F‘Hﬂ?%ﬁteéFPfE@R“}“PHé’@%;e 4PYRYed, haearching” for

\ EBRNAnd Rhkd ¥ethb AxpOfed\REAio UTRE cBSchd®R be lack EH&ROf, of an
if the wafer being inspected as part of the nonitorin

prBBRdine featnust at ey Expetted Idaatioe ds thEBRstablisbed ps thiel dxtrbeteg feature
reflected in the conposite representation at or al ong

a Ttgg’é{ter'on relative to the wafer outerperineter

approxi mating or comensurate with the predeterm ned

or expegiigghati®gbt addifibhallyeineeatucteitgivaededtiaiedtd 208 can differ
waf er outer perineter is jdentifiable in the conposite

r ebpadheteaieratbed abyve (g rfesiurerigtonsity (oF endicaaicpladhagscterizations

XRS5 BT 5050, OB U ) N0 EAPA s
| | reprefsehiiorg chirattbiézativped bae ot moat prenletctinénedsegments of a feature

or, |l ack thereof, of EBR | | t It
oxpcbe @amgégé) BRI e & QPEP_ @%@ﬁﬁ%%ﬁé@%% 4 dtogyency of
f eg{ FBR R fehfahd, ra‘.% ektedd ofNarAlelidtl oelHfe0ddged féaﬁﬂ@]!crélytive to an

th eature attribute extracted at 208 can iffer from
t hoger peiustebefdthabale, ¢te).gln othemecrabedimatnienisia gr thore of the above

mat henpt j ca] characterizations ther.eof .such as a
e, el Apesden pler Biitire AGP Ay AR A B nBRoT gt stop 208
t hEoiC eXmasib,! ficl RRIIGRE BEAAIEN)  exeh@ 0 Cotpldtétics§ ner@f ctBR @rofile of
or nore pre-determ ned segnents of a feature in the

cofysos EER Hepfaagenteflertsa in s eqreppsie smpeecairbeEpiraciedas feature
B i ] AP RO O (B 3 or o
andefault feature attributes to be extracted. In addition or alternatively, the controller
158 can be programmed to extract feature attribute(s) selected or inputted by a user.
For example, the controller 158 can be programmed to present a list of possible
feature attributes to a user, with the user then selecting the feature attribute(s) of

interest.

Regardless of type/format and number, the extracted feature attribute(s) are
automatically assessed by the controller 158 (or other computing device) at step 210.
The assessment(s) can take a variety of forms, and is generated as a function of the
particular extracted feature attribute being assessed. For example, the extracted
feature attribute can be compared to a value or range of values, such as a tolerance

value or tolerance range (e.g., an extracted EBR line feature mean width attribute can
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outer perinmeter of the wafer, etc.). mother
enbodi nents, two or nore of the above descri bed

wo e@BuomIattri butes (or other feature attri butBel/USENS/054913

[59]

be extracted at step 208. For exanple, the standard

devi ation, extent of conpleteness, and etch profile of
every EBR line feature reflected in the conposite

i mage can be extracted as feature attributes, hi this
regard, the controller 158 can be progranmed wth one

or nore default feature attributes to be extracted, hi
addition or alternatively, the controller 158 can be
programed to extract feature attribute(g% selected or .

i nprucompaned te aipesdetermined tangss an eyicied HBR| lns fephige centricity

can _be. brogr rese a. lils . [ .

¢ Sapudl o B Plub RS S BloaBchb by RunfifRn M, ctc. Further,
s edefkpaidliidextfaert witebates forbioedrsthoef featntes rces be cpPhred to one
Regardl ess of type/format and nunper, the .extr

d .
f eanothes (8 rlinsuesmsier piisch sendad idewafign edbute Catogfﬁt (BR line

co . t her. i ; . d
SoRaAL 1P LorkBed B DAL AGRBME RS Rl B of o s
anBBRsligefeateeicds Thé useetinoent afant foghgaentait wl elraracterization or
extracted featyre atirjibute bei assessed. For,. .

e EHASON O rechef 1ecef QRESF GRAEe S T Lo puticative of defects
Coiﬁpﬂéa?-%efe%tsas&ﬁl 345jafednBRI SoaPbpMd] LiAsshirlleBg@ Stréhgth, EBR line
tol erance value or t0 erance ragge (e.g., an extracted
EB&vdriapeetch arofile, orathemiettditicn. t Using: the dlgtepained rpsisteeriges 114a,
to redet.er m ned range; . an, extract.ed [

f e}a\ﬁﬁ‘rp% ISWFSCWﬁs%gP%ﬁanSé ° Eghs%beélg%so ﬁgﬁ, el&ﬁ?,ofog example, or
Pr adedLd ANetod RiribdiBhrésdndiveifthow jaldéd Biesmooth the resist edges
corresponding extracted attri butes for two or

nmor e ,
f eht4n dsdlvisrrapbedotppained. Asidiipmalingt iseontemplated that a basic shape
i ng-.peri net 0 et d a ibut &
BT A B, R i,
| | Wehepe MulisleEBR dindant dewntifdd, anclabd résititedgef 11da, 114b, “criss-

second EBR line feature,  etc. The assessnent can

f UFIORE T PUE T ierecnbmto PEe AR éwe%Fane‘?S/j%ai}aﬁn?le?ff Bt weHgs offset
L kglicboad &;ﬂt%'ﬂ‘feEER e BRRabdvRQistaNaEdic® e not meant to be an
i ndircat1rve o e

ects or near-defects, such as
j agxpdakieskst asd atheopotagial sptdstaragso eogemnplatedngt h, EBR

line overlap, etch profile, or other condition. Using

the determ ned resj st es, 114a, 114 roughne .
neasur et %e?‘e’faiter‘?lé’iﬁ%t’%éed@s&gsﬁﬂtaa? Zﬁﬁ%r,l ?%I}f&aluatmmtype
exaiml s pRifoshaNdar e dtasiel ORatityTRRIbIE Phets geeRdtes/ énformation

of how jagged or snooth the resist edges o i
indicative of one or more of a defect, near-detect, or fabrication processing

deviation. In some embodiments, the generated information can alternatively or
additionally be interpreted or viewed as indicating the lack or absence of a defect,
near-defect, or fabrication processing deviation of interest (i.e., that the wafer being
inspected likely did not have a particular defect or near-defect of interest, did not
indicate a likelihood of a particular fabrication processing deviation, etc.). As a
point of reference, a “defect” can be defined as being a condition that the
manufacturer of the wafer 50 has deemed as requiring correction. Conventionally,
semiconductor manufacturers (and/or their customers) establish standard criterion for

certain semiconductor parameters or tolerances that in turn are applied to the wafer;
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114a, 114b is can be determ ned. Additionally, it is
contenpl ated that a basic shape of the resist edges

wd 1eba/103p94b can be determined (e.g., circul ar, PCT/US2008/054913

(601

[61]

elliptical, etc.). Wiere nultiple EBR lines are
identified, such as resist edges 114a, 114b, "criss
cross" points, or intersections, of the EBR |ines can
be determ ned as well as offset between the nultiple
EBR | ines. The above-listed netrics are not neant to
be an exclusive list and other potential netrics are
al so contenplated. [59] In nore general terns, then,
the assessnent at 210 can be any_eval uati on-type

andiyeaRpopeRtioytsiepighese felcwmeosatilds Teiesietr LU or Aefsp can be a
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demnamﬂannmhﬁmﬁmﬁﬁ enbodlnents t he generated
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i nterpreted .or. I ndi cat |
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r enc

Cadeshfatich | Iﬁﬁga Q&thhf«‘ kHgchR a%&ﬁ&hﬁh@ﬁ EBRaimekhdine width must fall).
manufacturer of the wafer 50 has deened as requiri

coAltemetively ccadditionplin dhe wonellsrcb¥deast be programmed "With default
st an%%rﬁ‘%ﬂ §A’I?fg&§&ct/ % 3 hd & firofidsS | ke opﬁ'géﬂmnke%lr}o assess a wafer

rion r-certain sem con
paexdiibitiag an @bsehcd eﬁammct'edh EBR Ind asrbriray defaypiyb). divendurther, the
t he waf er; any cgrrponent o tside of these.tol eran

e
wi panikpdler dp& o fe Drogiammed ta gPgeT-e 9o mage ghaiher gHormation
haﬁbﬁ’xﬁw@%ﬁ%ﬁ 5 e MndRt @PEJe' eakkd bidbutO'calt BB HASed such as historical

speci l'y generated a particular manufacturer.
[ 6@4ta.The criterion or ot her bases upon with the
assessment i s perforned can assurre a variety of forns.

For exa .the controller can act..u .
user i npﬁfﬁg%}“%f"a el 8 erP%tll nﬁntegg]flaté&rpgp whether the wafer is
at hddepidbR, thd taﬁhebsliﬁenlﬂse@m]!mfc@i MB¢lEy coiretdiinli Nige @xtracted feature
quant I fication of "acceptabl e" feature attribute

( eatiyibute(@k W’rﬁhﬂ(f@kttlﬂlﬁo@ﬁa%h apd/er Jakrcatian ARLFESIAR t igns). More
wh t f
Al t’%r&ﬁgi?ﬁ 26{%%”5039%%8%% tl ong-{& dden%h‘giag%%t rol % tﬂ%S%‘ trggﬁd feature

beatpfinge amﬁﬂﬂ:amd bf peakibild ﬂecrease in yield. That is to say, while the wafer

may be deemed to have “passed” manufacturer-designated tolerance criterion at the

intermediate fabrication stage at which the inspection was performed, the extracted
feature attribute (either alone or in further view of other inspected wafers at a similar
stage of fabrication) may indicate that in the absence of process modifications, the
wafer following final fabrication will have a lower than desired component yield
(e.g., edge die yield). This form of assessment can be performed, for example, by
referencing historical data or information relating to the extracted feature attribute(s)
from other wafers previously generated by the same fabrication processing in
combination with their resultant yield values. In this regard, the controller 158 can

be programmed (or linked to a separate processor or module) to determine a
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assessnent paraneters (e.g., the controller 158 can be
programmed to assess a wafer exhibiting an absence of

waroossamdet ed EBR |ine as being defective). EvePCT/US2008/054913

[62]

[63]

further, the controller 158 can be programmed to
review a gol den image or other information from which
an assessnent of the feature attribute can be based
such as historical data. [61] In addition or as an
alternative to an eval uati on of whether the wafer is
acceptabl e, the assessnment at 210 can include
correlating the extracted feature attribute(s) with
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previ ously generat by the same fabricatio
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hi stori.cal data .suggesting that where a part gcul ar EBR
| i FRATSRIINE PCURRES)AT ah ﬁ%ﬁ@%ﬁl&%&ﬂ the pwpssEreny Pé&iﬂ (25 CABYFYIRE and/or

R S i ) S R S A

thaMomhrmference to the momtonng method 200’ reflected in FIG. 6, the

assessment 210 can indicate that there ére no defects and no process deviations.
Under these circumstances, the information relating to a status of the fabrication
processing 212 (referenced generally in FIG. 6) includes a designation that the wafer
is acceptable and optionally that no alterations to the fabrication processing steps are
necessary, as reflected at 214. The monitoring method 200’ than continues by

processing a next wafer/substrate as shown.

Alternatively, where the assessment at 210 indicates that the wafer is
defective, this condition is designated at 216. An evaluation is performed on the
assessed defective condition at 218 to determine whether the defective condition is a

random defect. If the defect is random (“yes” at 218), an evaluation of the defect is
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characteristics. Under these circunstances, then,
where the extracted feature attri butes of the current

wordosnoded ng i nspected i nclude the particul ar BEBRUB200€054913

[64]

[65]

wi dt h standard devi ati on being greater than X and a
concentricity of less than Y, the assessnent wl |
determ ne that the wafer being inspected is likely to
have decreased conponent yield at the end of
fabrication. Qther correlation factors or techni ques
are equally acceptable. Further, a plurality of

di fferent assessnents can be perforned. [62] Foll ovvi ng

the assessnent, information i s generated rel ating 8
st medatogtetermineribther dhe waler/pestratsicap bg salyaged orﬁ@f’alre at 220. If
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FIG 6) includes a designation at the wafer is

acleph &b ahR30) pani mdsqatlyn tthait the ovafey sibsirate shoyld he,acrapped is

fabric rocessing steps are necessary, as

r P &c{a %40214 The nonitoring nmethod 200" than

conti nues by processing a next wafer/substrate as

shown. [fGB¢ défeticis ni&teirmaiexi,to \bbemﬁ-rmlnk)rm@m% sur@hd), ah e4l@ation is

i ndi cates that the wafer _i gectﬁv his conditi 0{1 ..
| SP?I Aaft et Oato gsi@natw of & et fQ Antagdyp fabrication

@@s%ﬁ%sx%jl ?ﬁ eql ke r&andittd %hﬁkmﬁjcg th® rARlcefid ﬁﬁcessmg in

vvh t her the ctive condi'tion is a random def ect"
t heiedebf dlie dsfectanmbﬁ(p'eyﬁ)shechtonzasmnewnoiébaﬁeaat Fon exﬁmple the

he defect_J smade to det V\:hSt er, the .
woReUED LY et G e R e te et cosigin gfects e
t h&ué’\@é HohSaRddnh %r@cé’é.@‘ﬁraﬁﬁﬁét%?aevm&d oﬁleb’%ﬁe dak t32fhdom process
the need for additional fabrication processing

st epiations b ony “wissigt FBRelinsiserreault &30 PERPEPY Variation such as
t.ygl?’o Qratotr Q?rog % %ﬁgraﬁﬁg aCRRNLE %@qicgu%r,gwhergéssg %X—%gnt?l@ EBR line
dlsplg I'n paper torm etc. 0 5 user

y “screen,
at def2at. islanresdtref eﬂibﬁdaﬂiﬁﬂm proceftevagiation aneidad amosatpned handling

f ur()torll)erAlthr(r:lLtllj\ge(lei o% gc?dltlgrg)ally, the controller 158 can reference historical data
and/or other extracted feature attributes to complete the evaluation. By reviewing
the same feature attribute(s) of prior wafers, a processing drift can be recognized, for
example, and deemed a non-random process variation (e.g., a progressively
increasing EBR nominal line drift is indicative of an offset in handling equipment).
Regardless, if the process variation is determined to be random (“yes” at 226), the
repairability of the wafer/substrate is evaluated at 220 and conveyed to a user as

described above.

Conversely, if the process variation is determined to be non-random (“no” at

226), one or more fabrication processing step modifications are determined at 228

23



and/ or extent or renedial processing required or
recomrended is al so conveyed to the user. Conversely,

wob@saoiows i s determ ned that the waf er/ subst r ap@eT/UaITN 054913

[66]

be repaired and/or that the |ikely conponent yield

will fall below a cost-effectively level ("no" at

220), an indication that the wafer/substrate should be
scrapped is provided at 224. [64] If the defect is

determ ned to be non-random ("no" at 218), an

eval uation is perfornmed at 226 to estinate whether the
defect is due to a random fabrication processing
variation hi this regard, the evaluation of the .
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evassesatnienh mapydatermiieathay hahdlinga peuipmentuhas bacomcbnisaligyed, that
of pripr wafers, a processi dri.ft.ca Lecogni
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de i ne r . v at :

(RIS 080 Lo BTne! RRlantl e ppoler 198 oo
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Pr RO8FRLAGh %{igp v@%i%bﬁﬁﬁﬁterg%eﬂe? pRPLENiSH eQtidtcal ABL194is, etc.).

correcting the process variation. The corrective
pr Byaswpilampntingithd pmcessnsdificationfm), theh.afutwe waders fabricated by the

(" BRIt ehp e te e HEPA oSt B8Rl PaiShy evidgnecd by
VafHRr clRRhh afdsheasd Bdpedrsd (£deuiRel SoalMRE @ai @ “confirmed” by the

controller 158 in monitoring or inspecting future wafers).

In addition or as an alternative to modifying upstream fabrication processing
steps and/or equipment, the process modification(s) determined at 228 can be
downstream of the current fabrication stage. In connection with such downstream or
remedial-type process modification(s) (e.g., modifying an existing fabrication
processing step/equipment, adding an additional step to the fabrication processing,
etc.), a timing of the process modification(s) can also be generated, such as by “smart
schedule” in which an additional processing step is caused to occur at an optimal

manufacturing stage and or time of day. Regardless, when implemented, the current
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wafer is being assessed i mediately foll ow ng bevel
cl eaning (or edge bead renoval ), processing steps

wo 2dosl1y39vo i npl i cated by the assessnent i ncl udeCT/US2008/054913
l'i thography application and/ or edge bead renoval (or
ot her bevel cleaning techniques). Dependi ng upon the
particul ar assessnent, then, one or nore of these EBR
I inerel ated processing steps may be fine-tuned or
ot herwi se nodified. For exanple, the assessnent may
determ ne that handling equi pnrent has becone
m sal i gned, that optical equipnent is operating a
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St ap&tates fo Qﬁﬁﬁlﬁﬁédﬂ?ﬁnmt‘ of Pt AR %ﬁaﬁ@@b&{troller to automatically

renedi al -type process nodification(s) (e.g., nodi glﬁg
an Henlc@pnh@efd@mrmwdumcqmﬂ orasifagatign s teps %@usplml 0 effectively

Cev&n Ad, {‘*i.%%,c%'gﬁﬁlf%’%aga%n%ﬁfan eﬁ'géés&ﬁg' on

nndification(s) can al so be generated, such as by
[68]" snmart Fubedfheheri mflvdts cint ahe askdismennall 0 pandrdisitaghat while the

2: g@gelrz?] gggﬁeefgqt%%, %%C%ur ?g teﬁag'n optaégjgl %g %1(: 1éjatcllvg %f a possible

[T e —
t o steRsiibfotmativimeat 242 caoimobyde mevigwimg dhe detected process varlauon at 230.
In connection with this review, a determination of whether the implicated process
variation is a random variation is made at 226, with the method 200’ proceeding as
previously described. Once again, as a result of these evaluations, nominal
(upstream) process parameters can be adjusted (either via instructions given to a user
or automatically by the controller 158) to better ensure that subsequently fabricated
wafers are less likely to suffer component yield losses, and/or remedial
(downstream) process parameters can be adjusted or implemented (for example,

automatically adjusted or implemented to better optimize the current wafer, as well

as possibly future wafers.
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[67] The so-generated process nodification(s) can be
effectuated in one or nore fashions. In sone

weniwedoivent s, the process nodification(s) are Bel/UsSmogw4913

[69]

{70]

to a user (e.g., displayed on a screen, printed
instructions, etc.), with the user then assunm ng
responsibility for review ng and causi ng the suggested
or reconmended nodification(s) to be inplenented. In
ot her enbodi nents, the controller 158 is progranmed to
automatically effectuate the determ ned fabrication
nmodi fication(s). For exanple, the controller 158 can

be el ectronically connected ( , . direc onne
or i ndi Pediary 28FME e, g at O SR eGP phee present
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I eW n ected procéss variatlion at
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systens, and net hods of the present
processing steps (relative to the processing stage of the wafer being mspected) can be
correlated with extracted feature attributes and, for example, yield data to
automatically identify, and correct, possible processing deviations. Any feature
attribute giving rise to information indicative of a possible fabrication processing

modification can be considered and acted upon.

Image Compression

As indicated above, image compression (204) serves to facilitate rapid
performance of the methods of the present disclosure. Image compression can be
performed using a variety of techniques, acceptable examples of which are described
in US Patent No. 7,197,178 and in US Patent Application Serial No. 11/525,530 filed
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di sclosure facilitate fine-tuning of fabrication
processi ng. Actual or potential processing deviations

wae@snedegni zed and qui ckly addressed. Furt herPCT/US2008/054913

[71]

conponent yield (e.g., edge die yield) can be
dramatically inproved, on a relatively real-tine
basis. In this regard, the systens and nethods of the
present disclosure can act upon not only pass/fai

def ect detection, but also upon circunstances deened
to be indicative of a process deviation. For exanple,
conditions indicative of Iess than optimal film
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Pixel characteristics optionally include grayscale brightness information,
although other types of information, color data, for example, are also contemplated.
For example, some embodiments include using a filter or other means to acquire red,
blue, and/or green light intensity image data. Additionally or alternatively,
combinations of grayscale and color data, such as red, blue, and/or green data is
optionally acquired and analyzed, for example using a Bayer camera. Additionally,
it is contemplated that a pixel characteristic value optionally corresponds to a height
value of the pixel in some embodiments. From the above, it should be understood
that a variety of types pixel characteristic values are contemplated, including those
associated with any pixel characteristics that are representative of one or more wafer

features.
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performed using a variety of techniques, acceptable
exanpl es of which are described in US Patent No.

WO 2008/103b98 and in US Patent Application Seri al POIDUS2008/054913

[72]

[73]

[74]

11/ 525,530 fil edSeptenber 22, 2006 and entitled "Wafer
Edge | nspection and Metrol ogy" the teachings of both
of which are incorporated herein by reference. |h
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references nultiple, adjacent inages of the wafer 50.
FIG 7A is a generalized, schematic representation of
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brj ght ness.inf ormation | th h ot her t.ypes .of .

P RARTCah SPELRER ik ot A B repECtivg HHAEE figme locations about
Cofhearattrad(edIn biBEr W¥RBPhess I0TE iCibadieiRHnsount 61 oketelap between
using a filter or other neans to acquire red, b]ue

antiecicagirebimageg pnd/ion ecisiativgly; Inwgamennt of cABITESi9Rathepe Will be
QR SRR Sl LR 008 Aol RYESPL 2R oGP hepriv
opimagealibmealqationsd dndsomtealeypbedimdnty, imegapt@nprsssign assists in

Bayer canmera. /Additionally, it is contenplated that a
pi SEEIOVEKER PRCFENGIRS jTagy iptorBation Felpie éarw&bdﬁ&g%’ grandom

heygfions in image data, or other undesirable image information. Such patterns or
other random variations can otherwise cause difficulties in finding the first resist

edge 114a, as well as other wafer features.

In some embodiments, compression is achieved in first dimension X alone,
with the second dimension Y remaining entirely ‘“uncompressed” or ‘“non-
compressed.” Regardless, compression, for example across the first dimension X, is
accomplished via a variety of methods. For example, the pixel characteristic values
of the pixel arrays are optionally averaged across the first dimension to get an

average pixel characteristic value. In some embodiments, pixel array 272 is

28



val ue of the pixel in sone enbodi nents. Fromthe
above, it should be understood that a variety of types

w@Roosl103bar act eri sti c val ues are cont enpl at ed, PCT/US2008/054913

(73]

[76]

i ncludi ng those associ ated with any pi xel

characteristics that are representative of one or nore
waf er features.[72] In sonme enbodi nents, the first

di mension X of the pixel array 272 is substantially
tangential to wafer 50, and in particul ar wafer edge

102, with the dinension Y being substantially radially
aligned to the wafer 50, although other orientations

of the pixel array 272 are al so contenpl| ated, or may

r espminresged by averpging thefhrighfnegs Valn@s crfrtbmeiﬁl FFAY 373 across the first
ex 0

oo 1P BRI SR cptuPo YL pAAKs Shcs 1 the second
t hdinfehsish Wi rIﬁn;smWh%t Bi}ffei:erﬁ&&m&se Ithd phllramy o I z&qaicmbs’mages are
t he second di nens;j %n Y (1,920,000 |er s), ough .

ot PREONRH Y EPIRFSSERFS ar@'e&ﬁ%m {OFs S%)E]é 1§ fipgension X,

pi fés&mgg Y &Y&ugg%pmaggyglak xrelfuﬁ & ﬂ'ﬁ%essr]e@%@éﬁ'néngﬁn Y, but

first mensi on pi xel s across the second
di ordpone pixel @vzde()ﬁghé Gdstplimensign X| 7IBJs alﬁmgmtdnapmed that the pixel

co ressign i ncludes c ressing th

ST e Of e pinel Pety 412 SERBRBRAID ORI esSR 5 e than a
arglﬁ%/@cglqﬁm eqsocgmftgeﬁ@g alsﬂeglfég first dinension X
resulting in a plurality of conpressed pixel arrays
I n sone enbodi nents, conpression of the pixel array
r esul t sUtlhzma somprassien.sanelharsctesistia yariasons §hal sig éat of interest

oot oY AR T BRR e of s FoRREED kfogt WOl {@sion X

t heimebd fedasedent ighlela vatintiorsf frau elebizgl fraturesesudthes more regular
acqui red i mages and/or _a rel atjvel ygkow anount of

cofepressheiextend alangihe firsh dmemon % p Aavsh fmagreiopuaresigiealong the
CORRE 81?&&19108'% Eln BY ﬁ@&ﬁ? ?9&9&9 hg‘ig h?/&ﬂﬁd&sﬁa?ﬁ;ggge' Shfpression,

i mage frame |ocations sone
cofgpreeamplien Iasmrstcsmaptlrab PEYSNT) SOImer mﬂmdiimgntis niagage variations or

e G 59 A s e R ARBL Pt 6L iplly reduced
| NfoLRRET Q- oﬁ%ﬁbr@%t fgﬁ'ﬁgl‘i’cr m@i‘éﬂefeaﬁﬁ&d%ﬁwﬁl&@tdr ORSs extend

can otherw se cause difficulties in finding the first
r esiraumfersgtallyl dwut dee wefer ters edgevegiondi08y alffwaigh feajures extending

in other directions/having other shapes can also be highlighted as desired. Thus,

brightness variations, for example, in the pixel array 272 due to such features as the
wafer edge 102 (FIG. 2), the first resist edge 114a (FIG. 2), the top bevel 136 (FIG.
3), a silicon or insulator layer edge (not shown), or the exposed edge region 130
(FIG. 3), can become more pronounced, or retain their relative strength(s). In turn,
more random brightness variations, or features that do not substantially extend
circumferentially about the wafer 50, such as die patterns (not shown) or test patterns
(not shown) on the wafer 50, are filtered or become less pronounced. This can be
particularly advantageous where wafer patterning crosses or otherwise interferes

with an EBR line or other wafer feature to be located.

It should also be understood that image compression is optionally performed

additionally or alternatively in another direction, not tangential to the wafer edge
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[74] In some enbodi nents, conpression is achieved in
first dinmension X alone, with the second di nension Y

WO 0vi10d9pg entirely "unconpressed” or "nonconpPERESINNG/054913

(771

[78]

Regar dl ess, conpression, for exanple across the first
di mension X, is acconplished via a variety of nethods.
For exanple, the pixel characteristic values of the

pi xel arrays are optionally averaged across the first
di mension to get an average pi xel characteristic

val ue. I n sone enbodi nents, pixel array 272

i sconpressed by averagi ng the brightness val ues of the
pi xel array 272 across the Iirst di mensi

. : oh X 10 .
geHE dn eorders fon Fizblighf) epdiotofilten Q&) 2 yeTighit Hoetber, Amags; aytifacts or
th i jjon Al fof : o
GRS hROACTEMNG! ]SS PRt e
c oappliestsie do imagaseacagirad) ofithe wafavalge aormsls13thend/or dbttom edge

di nensi 5 resulting in a [titude of i s, t hat
ar 1B 15285 R P 5 SQrBE GRBOUIBIR Y BRe YoR YIS Ogrfle wafer
Pi 3¢ e W GRelsNnfifing HeS hofh8E TRt Hdudidls, Snd@kBbly show up in a
contenpl ated that the pixel characteristic val ues of

t heompressed ainragy, 2Uch deasuespt dimaivill mostplibskyedateo arseeognizable
gggg?%g%l ?g’!él]% t}%‘g% g@?‘tﬁ%g’ gllba;?gvlra%é %rtSﬁrtlSh‘gf{%gg?a%aﬁc%, it is contemplated
Chaaa@le§r Wil tdhdVRr hifeh©O S at fidlipradsed iRbg®fin ipédRtedfilined locations

(such as randominmage variations or wafer patterning)
acrelaied tonteiriactpl loicationsi anthx veder b Acsendingdy.tthese signatures may

hi ghl_| varj at | s es] t S .
B R s
di reasaDbof tKeseHigitaturkdR@e icvwips thesisoof ahagegetdmition slporithms or
di nensi on X can _be used to perform ngise

.carfn and/ or _
unteelmigygste ially %ﬁp}@g@ SR s1gr&urgg( Mp&u@l aq%(prr%lp)énatlc removal
Coﬂﬁg RicHibe, i E%YE% Pirngﬁ&i%g%tse E&Q&%{) lat FB@fe to be removed from

variations or { hat extend al ong the
f i arslysi, secis aoby Mefinmgsabsgien of altérgstribausiedunds Brei regular wafer

out. or otherwi se highli r.features .t or.

e teaRis furh oot he Penthler 5° Fbisaora e eadp Briror g gon, and
r egintidd Gmagh t BANIBribLabULRARpe XdRi#bRbn Nndloheollowing image
directi ons/ havi ng ot her shapes can al so be highlighted
asceippriessaen astigsised- br i ght ness vari ations, for exanpl e,

in the pixel array 272 due to such features as the

(P& oMo ydipisedimeded Spk bt Bl @1t or oherwie
I nehtradterizel vayiots edge featates Sincome, embodimentexthe sederestiye 102, the
' e?oipoercll,gng:zL %gvel 136, and/or the first resist edge 114a are located using a best-circle-fit
to the plurality of spaced-out, compressed pixel arrays. A location of the wafer
center 104 and/or the resist center 112 can then be determined. In other words, one
or more wafer features are optionally determined from “un-concatenated” or “non-
concatenated” data according to image frame acquisition location. However, as
described below, analysis of concatenated, composite image data is used in some
embodiments in order to locate/identify one or more wafer features, as well as

features associated with the bottom edge region 134 as desired.

Image data concatenation can also be performed, prior to or following image

compression. However, concatenation of the compressed pixel arrays can be more
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(FIG 3), can becone nore pronounced, or retain their
relative strength(s). In turn, nore random bri ght ness

wWo a08a039ehs, or features that do not substant i BtT/¥S2008/054913

[79]

[80]

[81]

extend circunferentially about the wafer 50, such as
die patterns (not shown) or test patterns (not shown)
on the wafer 50, are filtered or becone |ess
pronounced. This can be particul arly advant ageous
where wafer patterning crosses or otherwi se interferes
with an EBR line or other wafer feature to be | ocated.
[76] It should al so be understood that inmge
conpressjon is gptionally perforned additiona

1y or
o SIBPIEEY TGP GrRPORHBEHE 7 drp Jeibiio RPSTAGH PSR JLARICEIO pegform the
t h&n\@@t@ﬁiﬁoﬁ@ﬁﬁ@ﬁs of gix%_[sdfcﬁ‘ chch ﬂ%@lﬂeﬁﬁt comBateRdted id E&hparison
out a variety of other image artifacts or variations
astodbeusandsed pixely, fdrexampke). si mi | ar i nage conpr essi on
principles are applicable to i nages acquired of the

ro R PP e R ShI 7 P e St v
f eadquire$ oFnthé NBp elBrreBdn BOM (sest AIQLFIGSM2S4)i Edhcdiefated into a
notches, flats or fiducials, undesirably show up in a ]
covgmresye cepreRagietion 30k heviag an essoptricdrfingh a4is fbard pispeong axis N
hal Caof B OIDfith Irr? ehHOREhE: M {e?eré&%s ﬁ}es{egxﬂgt‘ﬂf fefing” and
may vary In terns of appearance, it 1s contenplat &d

t hadontdtenatingT |art enndd t mterelp@acabiyn heredw nquide gestaliyragter i to either
predeterm ned |ocations related fo.their actual »
| oAV eHAPRIAG Iagctata ps Wall app jagerfigiain an “edge-to-edge

S| r ! ibef it BR%atcR AN GR] th¥ cBiposite i
na%glglt)#’y%safﬁg?%gﬁge e%‘ggggqn%)ﬁt éﬁ gge&teg%% C renov aIc 01P ostte THage
t haGkissinglyatditodscatayr bikenyise chanacterize af or meage wafer features, such

recogni tion . al gori or technigues to identify_ and
oS CeviaridiGAaL fdhe WAl AVERS 1) he Q0126 (e Water cener
r ep@y atTGTY, the\¥edidenieh 132 RICG D06} BN bher SRIfGChEEsAncluding
regul ar feature to be renoved from anal ysis, such as

byotlierfsienpresslaor weplisiilodestmbagiheseint hat surrounds the
regul ar wafer feature and instructing the controller

158 to | reql e dat . ' .
oo DAL RS AP e P o e et
f otd enw aﬁ@(tjﬂeﬁ&lge sequantielsmander 46.gJesdardidg t§ 4 Janghlbh poition of the
conpressed i mages, are optional | nal yzed to J ocate or

ot WeAgs; Bume sAERion; lpeatipg poddiafiafhey satﬁiﬁ%ggoqtnt ofefer 50).

enpoflAERtiSh id M fotREE usBBIcotlatendtdB algorithm, such as concatenation
algorithms known to those of ordinary skill in the art. The concatenation algorithm

or other concatenating program module is applied to the plurality of compressed
pixel arrays in order to help ensure that the images are properly aligned. Thus, in
some embodiments where the plurality of compressed pixel arrays have been
compressed into a single column of pixels, the composite image 300 comprises each
of the columns of pixels aligned as desired in a sequential manner according to the
angular position of their respective image frame acquisition locations about the wafer
50.

As referenced above, the composite image 300 is “filtered” via the pixel array

compression previously described such that wafer features which extend in a
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top edge bevel 136, and/or the first resist edge 1l4a
are | ocated using a best-circle-fit to the plurality
w@boospesved- out, conpressed pixel arrays. A | ocCBLT/08200$/054913

the wafer center 104 and/or the resist center 112 can

then be determ ned. In other words, one or nore wafer

features are optionally determ ned from

"un-concat enat ed” or "nonconcat enated" data accordi ng

to image franme acquisition |ocation. However, as

descri bed bel ow, anal ysis of concatenated, conposite

i mage data is used in sone enbodinents in order to

| o I . . Qr r I :

r eSBHhAG bcutheBiaR i BieE Bt Bhe ERL U0 %Pe 5 Pigly Hheniiied

desiaretige deiEBlion g eregiohagroviipateehaitju@) feravxahsle, be described in
ior _to or follow ng. i e conpressian

perf or nmed,_ pr ) nma .

HoRE%/Ex eiet@bgﬁéawe A EorBherPodimenisofp _ﬁ{fg%@ sgsRe pxegrMaliegenerally
CadhREpdHRI g»e{hfe' k€ 3hd %éc"jboﬁ&’ ERmERRRR! RERL Sespdbtivedy Sofldhel of the
is ope? ated upon in order to perfornithe Concatgnat 1-on

( nednhpresssd pixepianeyss The fies akisi Meig elebwzibed ic angdbenaitspduch as 0

in,conparisqn.to thou ds of pix ,, for exanple .

[ PR o' B e e D Gpepes S A Rl 12 ERa Pl while the
of sebbif SRS ASREALE HQUnitd bF B¥ENSE Miblogfbtd, ek .

edge region 100 (see also FIGS. 2-4) concatenated into

a conposite representation 300 having an associ at ed
[82] first aWith mfesenge detyeasorfdGax 2 anfl & wherecthe deatereS thist well-centered

sope. enbodi e . For, refere et he [ “stitching"

2 B RAgTE Re, 0p ek FR 0 ol ool BBt 7 s R of other
_aﬂifih&ﬁ’%eﬂﬁ}iﬁﬁbrﬁﬂw whdr @ldpb ern2adtog i Bg reptesdneddpinthe composite
i mage data as well _as aligning i mage data in_ an

" cifpes 300 ag gesubstanialiystragght Jigpr slopeyee Whege alésaneng ggrors occur,
i negr i . |

an%) 37 z%’é&t{? ’o‘gﬁ%rgg{leeggﬁep\g? ﬁgeg%segg cﬂaér %@? Ilgrr@gtge g%ge g?sembly 162,
nothe wedérexdgé é02 wik sakesumnbreasmishiglaf shrape i theicompesigreimage 300 as
1143, the vvafﬁr .egﬁ% 02, tI‘f t op Jbeyel 136, .the wafer._,
ceiicpted cepnprefly, inJK1G. 1§ T lher s werdsy B afisst of | sgmepgmbodiments
Or in@fdks REORF MG if thd ﬁ@ég‘iﬂge& thd §afidicige P8 SFcIEXRERSSI tHe wafer
or Inplicitly described herein. [80] I n general terns,
eagdgeolf02t faking| aimmiré sipusfiddohppedsetd fiextact that dlyes wafes edge 102

align t,0 . pne_anot her .in sequ ial manner (e.g.,
ac cgpr??rfggtottge qre Wlogplep%%?]ﬁ%%ﬁ?g#‘ the i mage frane
acqui sition |location at which they are taken about the
[831 waf er 5@)a similar manner, the first resist edge 114a is also shown in FIG. 8 to have

a somewhat irregular, non-linear shape. Where the first resist edge 114a is at a
substantially regular distance from the wafer edge 102, for example where the wafer
center 104 and the resist center 112 are aligned well, the first resist edge 114a will
track the wafer edge 102, the two having a substantially similar shape. In turn,
where the first resist edge 114a varies in distance relative to the wafer edge 102, the
shape of the wafer edge 102 and the resist edge 114a become more disparafe, for
example where the layer of resist 108 is not centered on the wafer 50. Thus, where
the wafer center 104 is centered with the resist center 112, and the wafer 50 is
centered on the stage assembly 162 (and in the absence of other imaging
eccentricities, for example), bqth the wafer edge 102 and the first resist edge 114a

will extend in a substantially linear manner within the composite image 300. Where
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Concatenation is perforned using a concatenation
al gorithm such as concatenation algorithns known to

wo besaoxb4 ordi nary skill in the art. The concaP€nasi0081054913

[84]

[85]

al gorithm or other concatenating programnodule is
applied to the plurality of conpressed pixel arrays in
order to help ensure that the inages are properly
aligned. Thus, in sone enbodi nents where the plurality
of conpressed pi xel arrays have been conpressed into a
singl e colum of pixels, the conposite imge 300
conpri ses each of the colums of pixels aligned as

de d I [ t

oo BB e PR R Mgt oed i s ssanciny
aC@Uﬁbﬁh@ At HRCEHHO RRciaRRnct RE e Sfer 5@ bﬁt&%ﬂxer@‘%he wafer 50 is
ref erenced above, the conposite i mage 3 00

fmdﬁ@n’@nﬁd during: ireagisig dbr axme,dbﬁpvaef@,rsﬁdﬁ@ };Q?eemcw@l first resist

waf er
Bl 28 B Pl AR ol b S SRR wet with
SOoIﬁar ol © Heaslet, Yasi vaeiability Betwébr tiedfst eketse @Hg@mlt&ﬂﬁhd wafer
regi onQEr oW ng t echni ques, for exanple, as _describ

i nedged 4% ancrepsenithe Barsowlal hrpsoatihe Faber sden a2 ang &,he Shape of the

fi to the
R T T Y

each of the conpr essed pi xel arrays. The first axis M

is des cWifhefbfd:ranwwguﬂw gemiraﬂfz,ed ssohbhmatic O/i@beg]feEEG.t@A, in some

360 deqrees or -180 .d +180 d )
o SR Emeni: B6 coRBoNt g0 20D Of 1 Bp ek Fem 1P, o, prazmple, is

of h il R tHE RhRFBY ?@2 f (F‘IGe§E"§%ﬁfs AnBeXamffid Bf the composite
ref erence between FI d 8 where the wafer 50 is
metepre@emmaom a¢quritgdianagdmg tofsomweembxpi@dgfé andgiogmalized such

et P orEer s 1o B bt B 3R ERBET 6™ 10, 2Tl the i

i nrebﬂ@ﬁe&@"fpp@ Highlighegie wilR @sbolifels bafiid ffst \né tthak@ohd resist

i ne. However, where alignnment errors occur, for

exedagh  l4andidb wre WelrlerinsBlG. 9B f Begardlesss dhe waferpdge 102 is
onaﬁéctb%aﬁ% ?cg:%tse.lﬁﬁbﬁle%;f)é%fl& %ﬁ% Blé Bﬁ)ﬁg\?aég d&g(ggrgﬂttgéth%hﬁ -concatenated
306brﬂisre$sedi ipied eekage amd applyingra EésGmrBls—ﬂtn Int dtRer mbcdhments the

the et_ of. sone enbodi nents | nduc .eccenLricit
{ huafRRE @genbozdfs Qaiedia e comerpsita §pase i 2SERLFS r o the first

th e r d
X OEE%E%C?Q%F] gt;(at% &?&5&?}2 e@cgecfetacﬂ PL1sRl dRbsRARRE 1Bl Bomposite

image 300 is optionally normalized based on the found wafer edge 102, such that the

composite image is shifted with the found wafer edge 102 being a straight line,
although the composite image 300 can be normalized such that the wafer edge 102

takes on other shapes as desired.

With reference to FIG. 10, composite representation generation and/or
analysis can further include Edge Segment Generation 310, Edge Segment Filtering
320, Edge Segment Curve Fitting 330, and Edge Segment Recycling 340. Edge
Segment Generation 310 includes applying one or more edge detectors to the
composite image 300. In some embodiments, a Sobel edge detector and a Canny
edge detector algorithm are applied to the composite image 300 to generate edge

gradient data corresponding to the pixels making up the composite image 300.
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according to the circularity of the wafer edge 102.
[83] In a simlar nmanner, the first resist edge 1ll4a

wo go0al1s9shown in FIG 8 to have a sonewhat i rPEmUBZENSG/054913

non-1|inear shape. Wiere the first resist edge 114a is
at a substantially regular distance fromthe wafer
edge 102, for exanple where the wafer center 104 and
the resist center 112 are aligned well, the first
resi st edge 114a will track the wafer edge 102, the
two having a substantially simlar shape. In turn,
where the first resist edge 114a varies in distance

relative to the fer, e 102, t.he shape of.the fer, .
qu@Pero@dawef i$ %Eitbﬁeg@ﬁ@% el Bo.d frigs are 56l a8 desired
di SARF ah®malillyeHeRRmBINNEG r&dérgg%nlaﬁiéeédg% sei@ehtSdatd OB otherwise

f
is not centered on the wafer 50. Thus, where the wafer
cegrowr on@4r i rsorsepdgsr sxgnwintsh comespprding tio ceatwre 1t be daepted or

t he, waf.er 50 i.s.centered on th t nbly 162
(P e eror B rde Pt Re ok Periiggbased on &
f Odtarixgpixe) . chithrikile Al eAgedarsAdld snllifidie (borittdst in some

resi st "edge 114a will extend in a substantially linear
neimatences), tadgn segraeni® ayso arewny hypddBEOPIxelRde ¢ spgment grouping if

el P B RERIBAR LR b Bin B Bk 20 0 e

entire circunference of the wafer 50, but where the

[86] waf er 5 b@Eme @inboditharts dEdher Begméntelfjitegng 360 iexladed esing edge

(87]

the wafer edge 102 and the first . resist edge 114a w /| |
SPGB dniG s SO PCRR s bER ; g ranas L dBide of m edge
tr i H . . . ! .

V< BLLR P A0RRBAE O L EMEVEY B it o o 1,
wadreVorengee dr@lallonertedseige seeerds tubo disadrdsth ap prefidieredreefore or

waf er edge 5%2 an éhe hage of the irsctl. r.esi st e&iqe d
g pitve S Tt AdEed doCits e Ao BSaTiaRERh pES Her cdge
[ 84dadidht MhregfRdenge t SrchbB® aeBROR] (884, aveedpeMBddeC sadn@dit edge
of FIG 9A in some enbodi nents, the conposite I nmage
30gragienthand/eipsaztyat sizgi thieshalds (foprexamplep? ainingum edge segment

no \ zed E . - ‘
L B S e o0 e v
acfiatudlé idpntificione knbadb renfetmphaet thar thal edpednspection bpdtem 150

t he waf er e\%g_e 102 is substantially straight. O‘h]?lggie,
FI atompaticaliy aeusiseorfselests spels cateria dgygonne SRbRgIANISy LS manner,

whj | t t:he, f4 1 NG 8548 mini
edg&egg %Q{S%bﬁg%d vtlgs,&l1 k#lafe&itunaﬁ“l}?zé’ h?giéé es"I(;{Igggtr H%gg@, fnmtm
t hgradizhevaleelge at@&dirg to other criteria, prior to, Edge Segment Curve Fitting

330, although such filtering may alternatively or additionally occur during or after

Edge Segment Curve Fitting 330.

Edge Segment Curve Fitting 330 includes identifying edge segments of a
plurality of generated edge segments that correspond to a selected wafer feature. In
some embodiments, Edge Segment Curve Fitting 330 includes selecting a first edge
segment generated from the edge gradient and fitting a sinusoidal curve to the first
edge segment. In particular, wafer features extending about the wafer 50, such as the
first resist edge 114a, silicon or insulator layer edges (not shown), the bevels 136,
140, the wafer edge 102, and others are represented well by sinusoidal lines. This is

at least partially attributable to the circular, including annular, shape of such wafer
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optionally | ocated by applying one or nore edge

detectors to the non-concatenated conpressed pixe
waeooagesdand applying a best-circle-fit. In ot he€eT/US2008/054913

enbodi nents, the wafer edge 102 is located in the

conposite inmage 300 in a simlar manner to the first

resi st edge 1ll4a, as described in greater detai

bel ow. Regardl ess, the conposite i mage 300 is

optionally normalized based on the found wafer edge

102, such that the conposite inmage is shifted with the

found waf er edge 102 being a straight |ine, although

th onposi te i e,.300 can. be no i zed ch_th

t e, T guielBS ks ket ts SFRIalR kBB B Gile; W 3fhe eonrally
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representation generation and/or analysis can further
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dotsiamieRt B cive e e pis: Somn | JFof felserises it should be
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nmore edge segnments corresponding to a feature to be

| osbstadtidly oraght,v sisusoidhhadngs sald of phstantiellyteemplitude will be
ar adi t For exanpl e, based on a starting pixe
Chgg@?ﬁéﬁ%ﬁg?g} %eglac%%%e threshol d condition (contrast
in sone instances), edge segnments are "grown" by
[88] addi ng Ji so@heserthbBodimsaig @i orghonesubsequénttddey segnénts bie identified
sel ect ed edag segment threshold condition

.. [86] Ln . .
soffid wgpsat fistnss (agec. Seediamer Pﬁilcl/%’fei*‘?sﬁbltézf{?[mﬁﬂ& st ginusoidal
us 3 0. i
oo P CACHEER Y, bLE bl SO0 BRE e e BPAIRARY fr:
becurmeli Séicry e sofsequent seghere dge gosdiGh thes stgmeertiis gtouped, merged,

resist e 114a,. and/or poise and. allo bad edge
etEneSiEy Gabankiapula B grubith Srmans apg e ieauent, sccond
dugihindiddr Mevd iibtfinge the AKS1 Ak, gréup BT edge BbdANRS t B some
adj ust upper and | ower edge )

embodiments, this process continues iteratively until a potential feature, such as the

first resist edge 114a, is characterized to a desired extent, for example as measured
by a desired number of edge segments. In one embodiment, a potential wafer
feature, such as a potential EBR line, is disregarded if edge segments corresponding
to a fit curve are only identified across some total percent of the composite image
300. For example, a lower bound could be set that the edge segments associated
with a particular fit.curve must cumulatively extend across 60%, 80%, or upward to
100% of the composite image. Thus, in some embodiments, an iterative curve fitting
process for a particular group of edge segments will continue until the group of
concatenated edge segments identified by curve fitting extends across the entire

composite representation 300.
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gradi ent threshol ds, edge strength threshold (e.g.,
aver age edge segnent edge gradient), and/or segnent

wa@2we/103weshol ds (for exanple a m ni mum edge SBUIYERL008/054913

(89]

[90]

[91]

| ength) to disregard or highlight particul ar edge
segnents in order to facilitate wafer feature
identification. It is also contenplated that the edge
i nspection system 150 automatically adjusts or selects
such criteria in sonme enbodi nents. In this manner

edge segnents are filtered to a particular size, edge
strength, and/or nininun1gradient vaIue or according

to ot her ,cr. t rior to e o

et ngadtohdl el st Binele dy SRS s from g myticnta
or cuadlél ittingrspetation; Cfbbl Exdhifle A beihg add ﬁli‘ filce 0 coe e ey ﬁt durmg an
Curve Fitting 330. [87] Edge Segnent  Curve Fitting

i nteraties progesst (a5 yetrgmuied &ys anpthartuseinpyt oF @reaietwrﬁfi “reshold
ge a S

e 201 S g RORRP LY Bl SRR e TP ER ISR potentia
Fi tvhien geaaae lina¢d subbslisegrddd segmentsi Repadigs meqabpﬂtential wafer

geper at r t he edge gradjent and fitting
si fraes 4 erufp%ew tiogally Fosal éa@emgéf'@ﬁlmétmemﬁ the wafer features
pa{ure' r@éihtaédge%f' ¥BH GALYIEE a?f?(El?(ﬁgﬂl 'fﬂm? B%ﬁuﬁlhﬁBMﬁfJ candidates
0, such as' the first resist edge a, l'icon or
i nwbahng tol thgie tota depeesh, (cnotulative wids sttelngthbewﬁhsr fas67s.
140, the wafer edge 102, and others ar e represented
s at

attri ot eegaerl e AT indpigds Biavii e, Bt aitpeater an

of inStikd Bu%fﬁﬁﬁfﬁbﬂésﬁ fias bétnRhdpldtet. For ekitple! Bisohde dnfbodiments,
understood wt eference to the generally understood

r epdgei seawmntp W@é‘th/@éﬁ opmax nethaweprevipsn ber iaperpetstad iglp one of
Zgﬁlggégnggaz%d msu St {891@5 dff:ﬁE\RC ﬁ&gcs)%/\"toéﬂelr %agg rs%g%x%nt_rﬁroupmg are

bafdpﬁbdéﬂseﬂﬁn ansaffopt tcoﬂntli@atstrértgehénl pcténtiabsiasér fedges idedtification
(&ebst antial | y circular, eccentricity_bet en I he

ssEmghiFanidatesy by sogre qrqdimentgionglittad bordprlige, and/or fitted

Si
5&%%%‘;?% e L g B R &2 Pt eroups
Leaxs:brcmgj ap esubsgruient zatveofittirgr lanalysies sudhs agplpy |rec1vaﬂtmtmg edge

fit a rs rve to the .detected segnents. . Howeve

ot Freeplboaihe G e el Tadsiatt of e aisghudtihents in view
COpt £raptRtRChi b d@%&"e@! 81 hiokirhtgtd HearBElAS: &@wt& exE@ble.
reference, it should be understood where the wafer

feature to be | ocated_using sinusoidal curve fitting .
is With reference to FIG. 11, in some embodiments the above-described

methodology is suited for finding multiple, crossing film edge lines, such as EBR
lines belonging to separate, distinct resist layers. In particular, FIG. 11 illustrates
some embodiments where the resist edge 114a has been found according to
groupings of edge segments A, B, C and the resist edge 114b found according to
groupings of edge segments D, E, F. With reference to FIG. 11, it should be
understood that the sinusoidal curve fitting technique helps ensure that each of the
groupings of edgé segments A, B, C and the groupings of edge segments D, E, F are
associated with each other to identify the resist edges 114a, 114b. In particular, edge
segments A, B, C form a highly sinusoidal fit as do edge segments D, E, F, whereas
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substantially straight, a sinusoid having a small or
substantially no anplitude will be fit to the feature

wo eooBaodsecat ed. [88] I n sone enbodi nents, one BCT/IBI0688/054913
subsequent edge segnents are identified and segnent
di stance (average, nedian or and/or absolute) fromthe
first sinusoidal curve fit is calculated to see if
subsequent segnents are a good fit with the first fit
curve. Were a subsequent segnent is a good fit, that
segnent is grouped, nerged, concatenated, or the I|ike,
wth a first group of segnents and a subsequent,

second sinusoidal. curyve is fit tqt fir r ou
ot SBRne B 31 07 S48 St dh e o © ot S1iiba SE88 degree of
C OB gt fit FiRleRhlud®lg/tht Mdsidt edoeRQl A1, feature, such
as the first resist edge 114a, is characterized to a
desired_extent, for exanple as neasured by a desired

92l hunber Bf Walgbesupdmstpad that othe ebevsdlasenied gxamples of image
po I.al ef .f r : ' j
oo B, £ 350 oL Bbn RS AblRladel Sh B present
cudiselosure, amdltiatiotien pprioacheacamwalso beemplyedl Fpeexpile,ef variable

site, i mage 300. For mpl e, a | ower_ bound

t he conpo . EX .
c o%@e%@%ﬁssmdfwf»m canbe ‘%’é’&ﬁint‘\sq HBRFE PATEreRpS tPoFpression
p a r‘. » »
R R e T S R
Thesmpriessi@nismeeduddd nmeimige ornrenidve ray sweerurws aftémns,i cogpression

rqce for .a.particular gro of ed segnents w ||
Coflity e SRtz et Fepe P BB aliauBhaF adan Jueseat mees normal
| dBBRI fin€ dmBirol6 kY URqthitdst 163 @ﬁéﬁéﬁﬁnasé&ﬁe tth&e Rt hé Crepetitive
conposite representation 300.[89] Additionally, where

edpritesingrenttie pdaee ahd arorelios fasg aegudad featones of ther EBRUliza(s) can be

curve fittin eration, for ex | e as bei.ng~L00.far

£ r oifeed b, &5t B AROnR s ST e Rt ObBRusfigg of the
det@npiesssh BythaRALS @bk GMmapPttn WY based df tacdlatatk of processing
threshold | evel, for exanFIg), a new curve fitting

i t 81054 i(&8- dhiouplyith and respiutionngThe highehen dnegals o@mptessed, the

FeALHS ehe pﬂrgges%iﬁgﬁﬂ&la Q.5 &gﬁgﬂeg%oﬁlﬁ%gﬁg‘ ‘it g%%g%r BofS Sitficult to

several potenti waf er Te e candid
opteisalval dry “fit’s uh t estihmategio BBRe riedtoreld saptubhel Wwahgs(s). As such,
features . are resi st Fecﬂges or EBR I|nes.that are, chosen

f r SRHIPIERIEOT $am) begagRiey : ased NP A U8 SHRRRHQR GRyCemineRast results or
t obadkd | ARG Y @ld BBREERRacHLARRE! Mhi® w8 NB¥fined” inspection

factors.
criteria can be defined as a compression level that is within predetermined limits set

or selected by a user. Alternatively, optimization can be accomplished via a
statistical approach, such as by computer-based line fitting in which an objective
scoring bases (summing, averaging, or other analysis of pixel location difference)
can be used to determine whether a fit is “good.” If the fit is not good, a lower
compression rate can be employed, and the resultant score checked for acceptability.
Even further, the relative positions of pixels in the compressed image (or other
representation) can be reviewed to determine whether they are too far apart. If
adjacent pixels in the compressed image are far apart from one another, this

condition is indicative that the EBR line feature in question is highly variable (e.g..,
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[ 90] Edge Segnent Recycling 340 includes reeval uating

edge segnents after an initial curve fitting process
whamshedm conpl et ed. For exanple, in sone enmboRPKCTERL8$/054913

edge segnents which nmay or nmay not have previously

been incorporated into one of the generated potentia

waf er feature lines or other edge segnent grouping are

reprocessed in an effort to further strengthen

potential wafer feature identification edge segnent

candi dates, hi sonme enbodi nents, non-fitted,

borderline, and/or fitted edge segnents are reviewed

e b ol el B s bR PP By SLAEBR tines

J

ashPiing £eNmbtabndtgeedge segnents according to nore
forgiving |l ength or edge strength requi rements in view

of a relatively higher degree of proximity t

[93] part i culmaporae eybodiments gf TaggavprEPIession, th tlﬁvql é!ffeqom@mn is

s Ofli €
me {%c%q (J)Séy a% gtos %g@ﬁ? o?w??e%éﬁﬁ&@ flak?ﬂ%’ eregﬁﬁﬁ ﬂﬁ%&s In one
fi bfibedigeni, iwiese theicéntas drBodjbdt mfsmm:bsn,nggngntEBR lme includes
separate, distinct resist |ayers, qartlcular
117913t}vght higheliequispey @%@Wﬁ%m&hé@w 3 @W@ﬁwed@él be less
11
scnmial IRESAY ARG O IR 118 Feluhle DA of VO be lost. This
ac opiirdiza@oﬂ prq_;;BﬂumHYI dskeoplaed g@aﬂﬁ@nmftwh@g the featurearhobject of
ref ce.to i t. shoul nd rst d that the
B R ouBis - oR e P BEP R Lo e P et (P, ode

eaﬁ&n% bBRoAr QH\FEIH%d oddgRdg6ttiR IRipes Ad/& adifbnt ﬁ)cesses
groupi ngs of edge segnents D, E, F are associated w
eadacatingly, tvherelerigh ﬁeqﬁ@cwe@hgtoreage@ EBRi dine isible lhl an edge

partlclar e se B Cf rma hi

S vt a0 B VR Sotipgrmial o B lfuitbdthdes may be twoto
Vm&fr@@ﬁﬁieb" 86wEOfhah Ifot ke Rkdg®tod hauadd Qnﬁ@@l’ﬂﬁim}ﬁclﬂa rBLatwely low
C, D, E FE exhibit a |esser degree_of sinusoidal fit

f offeaueary fatwg of Kbj eﬁb@.@tngead@%eq 1lgreah tegs, thiyamay) mean that the

W' la%or&ﬁerﬂi%ﬂ@c[ 4 Hoﬁx{bgf‘tjmﬁ%@ rﬁ%ppg <O ﬁ%'sééﬁe%] X BRILSton to 2-3
I mage conpre sion are em1a cept a

t edimn«q:qﬁ;esl icoluams dnsdeadoed one simgtehex ¢l rcohmmts. ditegledsdoe spacing of

L OG0, OB e s e

ut Lokt Sht o 12 ROImPletrRlal L80Ad §1GRed RATRIIEH A SREE lethe like.
t he 1 nspectron/anal ysis process. Because, for exanple,

on the wafer top side
[94] Examples and Comparative Examples

Testing was performed to verify that the systems and method of the present
disclosure can provide rapid monitoring and related fine-tuning of semiconductor
fabrication processing, and in particular the EBR process. In particular, in-process
semiconductor wafers were inspected and monitored using conventional techniques
as well as using an automated wafer inspection system incorporating backside and
edge inspection as described above at several inspection steps. The edge inspection
system scans the wafer edge, acquires a set of images and uses algorithms to detect a

wide range of process-related or mechanically induced edge defects.
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conpression is needed to mnimze or renove any
superfluous patterns, conpression should be optim zed

wowdak/10m3pect to the anount of pattern present PCEUSE08/054913

193]

[96]

1971

[98]

normal EBR | ine netrology requires | ess conpression
because there is no repetitive patterning on the edge,

and nore or less regular features of the EBR |ine(s)

can be "picked out" of the random features on the edge
normal . Optim zation of the conpression in the edge

normal inmages can be based on a bal anci ng of

processi ng speed (e.g., throughput) and resol ution.

The higher an inmage is conpressed, the faster the

proces glmgldﬁ,@eéa pegiprmingedgs ippeand cdap peed inspection; theggytomated
be r. 151 t. "L est |

TP, Sp o SR P Sl R BB SRR R Boad

C aRerh¢vad CRBRY etkthissdon poth wnpdiehed ahdtpaitérned wafers by using an

concerning past results or based on know edge of g&e X
Breihmaen brigk field impgessacqyized bydhe sdae 19 SHBER; s described

E
. . b . . | C
\(/:\Autbtﬁ?%fl (g}rg%g%c%émg elgﬁre?u@ti the QB 6P SedBr cgﬂﬁt/s BBG of Sdjacent

m t's set ~or ‘selecte a user
Al drdfarabdverklppingo xthagesz at Then sgsiem batitelosso these sinegew i tagether and

7| CEGSF g DO SR UGy P ERUBdny Cafigrprint e

avigE ARG Gof e WdTG' cASAlNE! BBRM cldeX@be |@kaldtiéd) along with their
di fference) can be used to determine whether a fit is

" gebationshi to Hbe fwafer sentot. Jddsl compressien ipuwmpyessthieoigsolution of

rate can be enpl oyed, d the r tant score .checke
{ oeRnEedprin Fbs Siestan oot ehe PEERR ARG nfiREES Bimost o
POE thoBA Df YmViXE) Sor-RBRNBaGRATRLES 86 PatkdFR@E dnOthe G¥dTe that may
representation) can be reviewed to determ ne whet her

t hexgengrup todbe pdge effhe wafers Cagplac EBR fsptusassippparaggertical lines in

commr. . .are far. r f - I i

ColB BRSE Rirdile | 91 Bbhe o 2 O0Fer #HIE feaielh Sppear as
quésiisoiial Jiseshi ghly variable (e.g..,jagged) and/or that

nmore than one EBR |ine feature, with one of the EBR

lines having a fainter signature. [93 n _sone .
enbodi nef @%@Paﬁeﬁﬁgﬁe @éﬁ??%@% Syshem P&‘W.é&?.dleﬂl,g}or%fﬁomprehenswe EBR
?eﬁSEOEqEﬁtég% Qhtals3t foh €4 £AnSA riSslCmBRNX tAlkehorl Q%onve_ntionztl profiler.

n of the resulting inmages. In one enbodi ment,
whignoen tHie ifispactione the autvmated odgei mspeation, systegn calaulE®R the EBR

P RO, ESbkEY Rl IR SBEY, B0 AR e sandura

deviation, which gives some indication of EBR line roughness; and the X and Y

center and radial offset of the EBR relative to the wafer center.

EBR metrology data was collected on a set of 14 monitor wafers, which
included wafers coated on two different coat tracks, using three different resists, both
chemical EBR and optical EBR, and nominal EBR widths of 2.0 mm and 1.5 mm.
The outer and inner EBR tolerances are +/- 0.5Smm. All wafers were measured twice
on a conventional profiler and five times on the automated edge inspection system to

compare mean EBR width, within-wafer sigma, and measurement repeatability.

During this testing, the same profiler was used to collect all manual

measurements. Two coat tracks which had historically exhibited the most variation
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desirabl e or necessary resolution of the high

frequency variation will be lost. This optim zation
w@e@sas®Ismay take pl ace regardl ess of where theCct/esio0s/es4913
or object of interest is located, i.e. optimzation

may be enpl oyed for edge top, bevel top, edge nornmal,
bott om bevel , and edge bottom i nmages and/or inspection
processes. Accordingly, where a high frequency

variation in an EBR line visible in an edge norna

i mage i s being anal yzed, conpression of the acquired

i mages may be two to three tines |ower than for an

edge top acquired image in which a relatively low | .
f riaciiRBR overe selecied fQirteSgiBBe Walespaes W@reaﬁ@?ay%%awg jdemfical resist
ter this .may. . 2 d :
noriiaret dud dSBHichF BT, dpldlEe Shlef RBMATIRE Hoootical EBR)
2u|3utﬂ>h&t' échﬁBRptrﬁé' ﬁugﬁ@énw M&re fhké@?ﬂc@lf)emﬂfy sh il &4 piaf@k on the
colums. The period or spacing of . i_pl e co essed

pi RHpmals A TPeFRIHFIoHH OV B perio,pbiNe i Collecting 360 data
peﬁéiﬁﬂ%& [ thb :}%ﬁﬂ@{e? lof gitbiyafBRY ARUEFEEMS Herd bR Measured
selecte eatures such as a notch or the Iike. [94]

Exavipé & euoh vEdemasiag iheecdiventjuinel prbéderj nojlastisg 3 data points, 120
perfornmed to ver{lfa t hat the systens and nethod of the

pr 8RgEFRS 2pP%QngRGR &2fLn provi de” rapi d nonitoring and
rel ated fne-tuning of sem conductor fabrication

[99] Pr OCeSSANGmARLLH &F e ERRCHbArdnhtBhnRhO &@Mateliedge inspection
particul ar, i n-process sem conductor wafers were

i neysteot eandathe reonvensiond puifiler eoveeledt pohigh fesrri ofuesrrelation,
I]. i t . .
Iaﬁ@g %F%f@%zthg%%a%a% egggﬁggegc\éﬂﬁ ﬁgsééerg%g%ygg Qelﬁ%fetr%gﬂlts. The

desgmfledariibednepagdtive examnples isaippisiapiyoitiustaas thal hetomed imaging
I nspection system scans the wafer edge, acquifes a, set..
of Ciigrafpsscxaniplesdhe atomented Khge dnspaEioBCsysipgy aldords fhe ability to

of - T [ ' :
acPREREE R FiR Tt EBR TR0 b Syttt odaR BOE R 8 tvigo por week,
edghilbevelentiosp eesfilencould e astdsiatpidaea hackupspelct Thos will allow
system,is able to performauto [ i gh-resol.ution .
B eREHE AP BEBRF ORI Sy BRUpTFnipa LS Fraeions can
ange RRLHPEBE bt 8§ RYdMs WakeANarR! Bthet Brocesieldr | U run-to-run
field 1 mages acquiréd by the edge top canera. As

d e sapeitbbilityndrelwithidovafensigug saluegof the pelomiatnd, edgp @Séélijfém system
to ensQr coll ects, 360 of,.adj acent ,an r I i
| OB B Gt Ehetes P REuB SRS nIED J1 o PYFRERAD A further

revealed that a correlation can be established between standard deviation and line

quality, jaggedness, unevenness, and centricity.

[100] The automated edge inspection system’s EBR inspection and EBR metrology
provide a more comprehensive data set that can be used to control the EBR process.
In addition to calculating the EBR width around the entire perimeter of the wafer,
this data includes the X and Y offset values and radial offset of the EBR region,
which provide information about the centricity of the EBR placement. The
comprehensive nature of the E20’s data collection provides the ability to track EBR
variations over the entire wafer. These variations are almost completely missed by

conventional techniques of looking at only 3 points on the wafer.

40



conpresses themto forman "EBR fingerprint" map. From

the EBR fingerprint, the |ocations of the wafer edge
war@sEBRI£dge are cal cul ated, al ong with thei rPCT/US2008/054913

relationship to the wafer center. This conpression

I nproves the resolution of features |located in the

expected | ocations of EBR features and m ni m zes

(al nost to the point of renoving) non-EBR features

such as patterning on the wafer that may extend up to

the edge of the wafer. Circular EBR features appear as

vertical lines in the "EBR Fingerprint" map while

obl ong or off-centered EBR features appear as )
[101k nusoi Bee timeneeguirgdéy mpaeirg % Hisfare #siwddée icRupatiopgihprofiler is

sy ravi ded : r | [ 4 : ¢
oL RALRS 20 af SRy SPRMELAR iphion syt
Cc otowE v oreghirgroaly labout Fr mintdiper i wafpecwhizh, gtehy enhances the
aut gnat ed edge i nspection system cal cyl.ated . EBR

i BIORICEP R RIOREREARY FBRAORS %Wg’rhla%?f%ﬁgal Papughput.
360 points; the standard devi ation, which gives sone

1102} ndi cat TR £ ERR HoRRofifY SGES and Mebihd®R of @B hrdsent disclosure

€
center and radial offset of ' the EBRrelative to the
waprerideemtded ifrprdveERRisnexer girejousd designsa s Byotapisdy edptyring and

a set of 1 i'tor wafe . Whi ch . i nclude f

c oA EHEN® %@g{)& i#ef@lree ﬁ{tnfé%gﬁsy:? éeg%%%,suﬁfsfiaﬁ SE ?rgé%d defects, are
di flieK19ntecoesiz&d, S and oddjuseiients c@f feB&s @alé.calFubtBRS process
an% 1r_1o_r9ri neal_ gl%BR V\nﬁ%t hs of 2.0 G?rm and ?@g mm _The out erp,
andeviiaiioas, ERrding dosaripparenlr prosess deviatipns Ahat haifeep correlation to

wer a e ' a vent: I Eher

GRS bIRS: P SRR ANAL B EB o, cn b

Cofgpagfizdtead AdBRsswddinhy vinuilhi aM@hebasds.gma, and

nmeasurenent repeatability. [98] During this testing,

t he sa rofiler was used to |l ect all nyal .
[103}rpas or efAEAPEEH SAREIE GIPORIERTISONAR BIFSHL dTYmEDD Aftefaey illustrated

exPidefbdd RerbRSHt Wil tedlppRitidleEBRINRE Bf SRIIREY QRIlf Bl the art that

testing. Wafer pairs were prepared having identical

r estys erragamenythatiscealaidated taichizBR the stme quemesg alayHer substituted

chem cal EBR or .optical .EBR). .Aut omat ed EBR . . .
o f8 8 o de e taae e MR GRRLBRoGY T foe epin will be
ONaffafer Ub OfkBéE df RfldiRatyNSBRChi B8 &Y St £6008¥AETyA tierdpplication is
of five days, collecting 360 data points around the )
pehitensied to spvemanynedaptatioppRrr yaratians rirfhe iggnion db is manifestly

rreﬂl%éﬁd%g that this invention be limited only by the following claims and equivalents
thereof.
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twice for each wafer using the conventional profiler,
collecting 3 data points, 120 degrees apart, on each

wordsno39pHL9] A conpari son of the EBR neasur enePtBHUS20081054913

What i

t he aut onat ed edge i nspection system and the
conventional profiler revealed a high degree of
correlation, evidencing that the autonated edge
i nspection system generated reliable results. The
exanpl es and conparative exanples surprisingly
illustrated that automated imaging (via, for exanple,
t he autonated edge i nspection systen) affords the
ablllty to nmonitor and control the EBR process on each
2k nore than twi ce per week, while
conventional profiler could be used sinply as a backup
tol . Tl?ﬁe?h&% bf ﬁﬁ)ln %%Qérﬁlcgﬁrﬁﬂkb? ﬁéb@oﬁ??@de%élﬁgtthe method
noni toring of the rocess any excursions can
engrismgver ed bef ore any product wafers are further
processed Th run-to:run

repeat abil i d .
Wi ¢ FARTIBE RGOV RS TSTANERC0 2 HiRR: Gch Sepgigonductor wafer
i nspect i on Wy REREPL PRl REtMRAERMRNt S are highly
conpar abl e. The experlnental dat a further reveal ed
t hat eooypressingt then atc dersh eneseapbired Howeh etonaener e am Rpimposite
deviation and lin it e .unevenness,
and centri df Qrﬁsenfai@g] of X%ﬁf% &%%?g‘ﬁ"z%ﬁe i nspection
syst eniéntiE@Rg ane @:Eéa@ﬁrezﬁwbla%ama{er @gamerﬂo@w de a
nore conprehensive data set that can be use

cont r gixtreeiingreast enccl§aturg #irdwtn femribe @eetaﬁ%r%erhﬁgd removal
the EBR w .around the entire perineter of the

wafer, this ata incl udes the X and Y offset val ues

and r amitarhatichlip edsewing the eﬁBRterde(‘gature, attndbuteh apd ovi de

i nformati on about the centri ci e. EBR .pl acenent .

e C PR FEAGan aPIBEE to 485 ot heaRTE Abh PEEETURE based

provi des th&,oﬁ%é dckdkshend rack EBR variations over the
entire wafe These variations are al nost conpletely

m ssed by conventional techniques of |ooking at only 3

S ek A AL (i
D lﬁﬂﬂltﬂ-gf RinAsHsCthe pataliey bh ﬁn@%b% e @erresent an
y abou

I nspec?| on systemt ool can require on m nut e

ptireiia pEpn ovler eircudaranerimptes o Shrcwafer mad druthes |Vérré<§zn gpmpressing
: oahgl elrpsg t%nte hceapfur% %1?1&@ %ﬁclﬁ\ﬁets hco?n&g&&g'j 't}%h SfurHFtl]' dtncaptured

images to generate a singular representation of the edge of the wafer.

e

3. The method of claim 1, wherein capturing at least one image includes
capturing an image selected from the group consisting of an image of a top side of
the wafer, an image of a back side of the wafer, an image normal to an outer
perimeter of the wafer, an image of a top bevel of the wafer, and an image of a

bottom bevel of the wafer.

4. The method of claim 1, wherein capturing an image includes capturing an

image of the wafer while the wafer is rotating.
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[102] The fabrication nonitoring systens and net hods
of the present disclosure provide nmarked inprovenents
WO@s/1a39evi ous designs. By rapidly capturing aPdI/us2008/054913

assessing extracted feature attribute(s), defects,

such as EBR-rel ated defects, are quickly recognized,

and adjustnents (if necessary) nade. Further, process

devi ations, including | ess apparent process deviations
that have a correlation to reduced conponent yield

(e.g., resist application and/or EBR processes), can

be recogni zed and addressed on a virtually real-tine

basis. [103] Although specific enbodinments of the i

pY eserkthe mowadoSrelaiay & Whernin the e of eaptenng delsast sdimages
R T R S R

cal cul ated to achi eve the same purpose may be

substituted for the specifjc enbodinepts shown. Mny,
fdapt athegnsthed of plaim Ay WhereBcomATEssHE thph aFHOTe dmpBS gludes

Q:fon%rfﬂlg A frchltl Iebaths dﬂé%@nﬁﬁl% in e Wdhdp ngX imaDBé 8t the edge bead

application is inten to cover any adaptatrons or
vambedliaogas of the invention. It is manifestly intended
that this invention be |imted only by the foll ow ng
clains and equi val ents thereof.Wat is clained is: 1.

Ay et hpgt AEHB® BF bR N9wheRCQMI6dsals thaRf icaatdn@image includes
processing, the nethod conprising: capturing at |east

moevérting en pelong ifeagire o apinvidal §he.a seni conduct or waf er
bei ng prepared by the fabrication processing;
conpressing the at | east one captured imge to

gener ati BetBodBOskie 1! SRERELHInAIre@hOthe anlcasigmezniage ficludes
the wafer; identifying an edge bead renoval area in.

taeavertpg asdwreliti ofnadjzcent measen gloag apeatitety RE an oytey perimeter of
i but.e f i deat if i . -
b ittt e § S ch BB 16i8 ARG OF R Khech Bhe cage
dead rdmdva] aigad generating information relating to a
status of the fabrication processing based
9. The method of claim 1, wherein compressing the at least one captured image

includes utilizing a variable compression algorithm.

10.  The method of claim 1, wherein compressing the at least one image includes:
identifying information in the at least one image indicative of a possible edge
bead removal line; and

fitting the identified information to a straight line.

11.  The method of claim 1, wherein compressing the at least one image includes:
identifying information in the at least one image indicative of a possible edge
bead removal line; and

fitting the identified information to a curvilinear line.
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upon the assessnent. 2. The nmethod of claim 1, wherein

capturing at |east one inmage includes capturing a
w@bkasadiovy of inmages, the plurality of inmages POIOBI0081054913

to represent an entirety of an outer circular

perimeter of the wafer, and further wherein

conpressing the at | east one captured i mage incl udes

conpressing the plurality of captured i mages to

generate a singular representation of the edge of the

wafer. 3. The nmethod of claim1l, wherein capturing at

| east one image includes capturing an i nage sel ected

fromthe grou Qnsistjng of an jmage of a top side of

tife wak ﬂ?aﬁﬁgPﬁﬁﬂglbf PLEWPEFPE: of the wafer, an

I mage hiEf 8f

i mage (%?1% gﬁ%go‘r{)&bggé%%f% h% %ﬁwaf er%,&lagérzg&gﬁui ﬁg{e t%?c H% step. of

bot t om bevealonpfessing. waf er. 4. The nmethod of claim1

wherei n capturing an inmage includes capturing an inage

of the wafer while the wafer is rotating.5. The nethod

of3. ¢l aFy® tethoiesetBink NS Whe@sinOdxtasihg! fat Néhsflont BShreO M@ ibute

i mages occurs inmediately foll ow ng an edge bead

risplpdest fabrication processing step. 6. The nethod of

el odgertife 8 BofERaTERR s Felberp BAh ALReh ERE ge bend

the at | easbmetd arena@l at the edge bead renoval area.
7. The method of claim1l, wherein conpressing the at

| east dsHaEminipge vahiel efdefeatisn ¢hiractapstisnat shplyrlity ehpoings along
to a si nuso&l‘g@& e!ﬂegg{ éovagﬁﬁe_net hod of claim1,
e

wher ei n conpr essi ng e a ast one inmge includes
onverting a plurality of adjacent inmages al ong an

c
entire of an quier perineter of the wafer,into a.
sli4ngu|fa}%, Mol af Flae: @nmhelfegbrb&fr@% SFACERTiStf 1s 2 Width of the
ega%g{)@g&/mg{ovgﬂglegdge bead renoval area. 9. The nethod

of "claim 1, wherein conpressing the at |east one

captured imge includes utilizing a variable

CRPr o5 BRSNS, W DS TEO O SLBLE b e et

removal line from an outer periphery of the wafer.

16.  The method of claim 13, wherein the feature is a distance of the edge bead

removal line from a center of the wafer.

17.  The method of claim 13, wherein extracting at least one feature attribute
further includes:

determining a standard deviation of the determined values.

18.  The method of claim 1, wherein extracting at least one feature attribute
includes:
identifying a plurality of edge bead removal lines represented in the identified
edge bead removal area; and
determining a standard deviation of a common characteristic in each of the

identified edge bead removal lines.
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identifying information in the at |east one inmage
i ndi cative of a possible edge bead renoval |ine; and

WO 2ao8i1m3994 he identified information to a strai BPOT/UB2008054913
11. The method of claim 1, wherein conpressing the at
| east one image includes: identifying information in
the at | east one inmage indicative of a possible edge
bead renoval line; and fitting the identified
information to a curvilinear |ine.12. The nethod of
claim1, further conprising: correcting the at | east
one captured imge for tilt prior to the step of
conpressing. 13. The nethod of claim1, wherein
extracting at | east one feature attribute includes:
I@ent iy - bea v i: t [N .
e i PPl 580 i EHR Bkl of THRPRRR Eild mibute
anclatlese of a feature characteristic at a plurality of
poi nts al gng the edge bead repoval line., 14. The
et hod gtHTEa aPedge DeddrPROKELE TPRseRid ipl MepEscedag bead
is a mﬁdth]@ﬁwgﬁgwgpgﬁibead removal |ine. 15. The
met hod of claim 13, wherein the feature is a distance
of t heletuigénibgad exteambvficompletentssonh tha identidied pdge Phat yemoval
of the mafﬁy. 16. The nmethod of claim 13, wherein the
feature i s H%istance of the edge bead renoval |ine
froma center of the wafer. 17. The nethod of claim
13, wherein extracting at |east one feature attribute
2% t hefhei methedesf claion d%rivwherrin dhe teateatiod c@apleteness refptes the

A B e R R A B 21 1

ract east one uré attri bute
i ncl udes:
21.  The method of claim 1, wherein extracting at least one feature attribute
includes:

identifying an edge bead removal line represented in the identified edge bead
removal area; and
determining a centricity of the identified edge bead removal line relative to a

center of the wafer.

22.  The method of claim 1, wherein extracting at least one feature attribute
includes: |
reviewing information indicative of an expected edge bead removal line
location relative to an outer periphery of the wafer; and
determining whether a representation of an edge bead removal line exists in

the identified edge bead removal area at the expected location.

23.  The method of claim 1, wherein extracting at least one feature attribute
includes:
identifying an edge bead removal line represented in the identified edge bead
removal area; and

determining an etch profile of the identified edge bead removal line.
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identifying a plurality of edge bead renoval |ines

represented in the identified edge bead renoval area;
wa@p@sdeoes m ni ng a standard devi ati on of a conP@IUS2008/054913

characteristic in each of the identified edge bead

removal lines.19. The nethod of claim1l, wherein
extracting at |east one feature attribute includes:
identifying an edge bead renoval |ine represented in

the identified edge bead renoval area; and determ ning
an extent of conpleteness of the identified edge bead
removal line. 20. The nethod of claim 19, wherein the
extent of conpleteness relates the identified edge
bead renoval line relative to a conplete circle. 21.

1
e ogd .6f Cla] 1. WhsLEl g I R q@@ﬁro :
;Be)' at ﬁﬂéa{tﬁte%og u(%fzbllﬂ}r?% I 10 des :r&;ﬂ (rzlleexﬁliélh?l%c ?1&5 l%ﬁ@'é’&% e bead fribute
rinctodeat |ine represented in the identified edge bead

renoval area; ang deternmining a centrici.ty of th

| dont (M BER CHenbeaRaRmO Tine EPTPRsRisiin dhe Wontiid fdgp bead
of the waf §tmodd archhgndret hod of claim 1, wherein
extracting at | east one feature attribute incl udes:

revi ewietegmimfiga frequenay ohtheddantified eflgeread xpuovad dinedge

bead renoval line location relative to an outer

peri phery of the wafer; and determ ni ng whether a

rBpr esgEit alkibdl & clain 6d9ehdreindextREBYR lat 1é2RE 0B fSathrel Abtribute
the identified edge bead renoval area at the expected

lisddudason. 23. The nethod of claim 1, wherein
extract] . | e on e tri €.l :
L1 25kl it hS90% 05E 5 AL SRR PLOBHER g bt
the identi frepdvaidgs; hahd
determining an extent of parallelism of the identified edge top relative to an

outer periphery of the wafer.

26.  The method of claim 1, wherein automatically assessing the extracted feature
attribute includes:

comparing the extracted feature attribute with a predetermined value.

27.  The method of claim 1, wherein automatically assessing the extracted feature
attribute includes: '

comparing the extracted feature attribute with a predetermined range.

28.  The method of claim 1, wherein automatically assessing the extracted feature

attribute includes:
comparing the extracted feature attribute of a first identified edge bead
removal line with a corresponding extracted feature attribute of a

second identified edge bead removal line.

29. The method of claim 28, wherein the extracted feature attribute of the first

and second identified edge bead removal lines is a standard deviation in line width,
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renmoval area; and determning an etch profile of the

identified edge bead renoval |ine.24. The nethod of
W@eb@soip94 wherei n extracting at | east one featPCBUS2008/054913

attribute includes: identifying an edge bead renoval

line represented in the identified edge bead renoval

area; and determ ning a frequency of the identified

edge bead renoval line. 25. The nethod of claim1,

wherein extracting at |east one feature attribute

i ncludes: identifying an edge top of the wafer

represented in the identified edge bead renoval area;

and detern ning an extent of. parallelis f th )
8 TR HhRighE 6f5p S| SHOTRICALY aﬁﬁea%%.frﬂr&sr ipaled apluating
hiaeLMI eSS ofeS}agTﬂé%né%t 8048 arfl @Bl ed 68 Rmoval lines based

aut omat 1 cal ssessing the extracted Teature

aipbn ithmtompanisérudes: conparing the extracted feature
attribute with a predeterm ned val ue. 27. The net hod
of claim1l, wherein automatically assessing the

et r actiRinéiBad BF @ladht I ivHiékdn tChHfRREd fepRakthitité Rdates to an
extracted feature attribute with a predeterm ned

rafinigete @fdan vége headnhrsenaypl bnaifeature ashtheetvafer, and further wherein

PR ot RS B e P PR ot ur e
attri whRatdg 8 cbhdifibn bfl €t ddigt ©dad egeo e tide r thBRUAdItibh BElected

with a correspondi ng extracted feature attribute of a
second i derfiqm fthejzwodp copusting eniggeadnessy scallppingrpplashing, edge

met hod of j ' xtracted feature
attribute g%%?ﬁ%%ﬁpﬁﬁgﬁ%§%n§§%§ﬁg identified edge bead
renoval lines is a standard deviation in |ine

i.dt h, and further, wherein the step of. autonnti.cal
2 eoeflitgmetibd RE ARGl crisseia g Biticikd FRIE Figoge gflates to an
Q&S ﬁ@g@&%%@é‘d Beeddertthd 3Howe GaP deREYOOBE W A& RN Further

1 nes base
wherein automatically assessing the extracted feature attribute includes:

comparing the etch profile attribute with pre-determined acceptable etch

profile characteristics.

32.  The method of claim 1, wherein automatically assessing the extracted feature
attribute includes:
reviewing user inputted information relating to a quantification of an

acceptable feature attribute.

33.  The method of claim 1, wherein antomatically assessing the extracted feature
attribute includes: _
reviewing historical data relating to the extracted feature attribute from other

wafers previously generated by the fabrication processing.
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upon the conparison. 30. The nethod of claim1,

wherein the extracted feature attribute relates to an
waeasitmeve of an edge bead renoval |ine featurCDOS1008054913

waf er, and further wherein automatically assessing the

extracted feature attribute includes: evaluating a

condition of the edge bead renoval |line, the condition

selected fromthe group consisting of jaggedness,

scal | opi ng, splashing, edge strength, and |ikelihood

of defect. 31. The nethod of claim1, wherein the

extracted feature attribute relates to an etch profile

ftrihyte o n.edge_ bead rempval .ljne feature on th

o or HisnSod BrERA AT B R natros o bBpry St BE sfftyr e fature
exrihakligdudgat ure attribute includes: conparing the

etch profile attribute with pre-determ ned acceptabl e

et ch profwing etgoldent tmagst for gnfogpatiorh eomesphoding fto dhejeprtracted
1, wherein omati cal ly assessing the extracted

feature at tt?%ﬂﬁn%ﬁbﬁ% udes: review ng user inputted
information relating to a quantification of an

acceptable feature attribute. 33. The nethod of claim
B5. whefhsi method efeleine & Wherainsgsnetiating itHermegtiongeleting to a status of

f , tr] e es: reviewing historical data
rtgfagat%lh%tﬁ}%o‘;r?%gglgg#gl!([:ctég'd feature attribute from other
waf er sdepigamirpushsthgahetvalee th deyeptitde.f abri cation

processi ng. 34. The nmethod of claim 1, wherein
automatically assessing the extracted feature

3§6t ri bfﬁefem!:tﬁ&ll Hfi@lﬁi'm rl,e\)(fh@r%%tnﬁrg eé< ﬂﬁ@rrﬂ.le{e%ﬂfereltaﬁﬁu% go a status of

i'nformation correspondi ng t tract eat
ahe¢ fabbiosténn BbcesTihg inmbidesd of claim 1, wherein

generating.i.nformption relating tq a status of the
fabri %ﬁﬁmmiﬁeﬁlﬁeﬁf&égﬁta@%@ gnati ng whet her
t he wafe@drmifin@ GRRReARBsequent remedial processing will render the wafer

acceptable; and

designating the subsequent remedial processing as necessary for the wafer in
addition to other process steps associated with the fabrication

processing.

37.  The method of claim 1, wherein generating information relating to a status of
the fabrication processing includés:
determining that the assessment is indicative of an unacceptable deviation in
at least one fabrication processing step occurring prior to the step of
capturing at least one image; and

designating an adjustment to the at least one fabrication processing step.

38.  The method of claim 37, wherein the at least fabrication processing step

includes an edge bevel cleaning processing step.

39.  The method of claim 38, wherein the edge bevel cleaning processing step is

an edge bead removal processing step.
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36. The nethod of claim1, wherein generating

information relating to a status of the fabrication
w@e@sas®dng i ncl udes: determ ning that the wafPCT/US2008054913

accept abl e; determ ni ng whet her subsequent renedi a

processing wll render the wafer acceptable; and

desi gnating the subsequent renedial processing as

necessary for the wafer in addition to other process

steps associated with the fabrication processing. 37.

The method of claim1, wherein generating information

relating to a status of the fabrication processing

i ncl udes: determning that the assessnent is

i ndicative of an unacceptable deviation in at |east

o T ARl Sdthlg .rbfpcrlﬁﬁfe?&' %ex%ﬁle&eoﬁz&}egnﬁieﬁga%ﬁétﬁémt R1ddeto an

step of capturing at [east one I mage; and desi gnating

adjuithers tore tdol seledtbkfram the gop cnesiftalgraf @ateidgnpolisher, a wet and

pyocessi ng, step. 38. The nmethod of claim,Z37 rerein .
R S Gt F Bt Bropeiel Pt i PHKEL Bl resist
%Qggsepevel cl eani ng processing step. 39. The net hod of

claim 38, wherein the edge bevel cleaning processing
step is an edge bead renoval processing step.40. The

t hod_.of cl ai.m . rej n the designat.ed adj ustnen
ret at 2@“& ‘&eglﬂld é’(fjg %@Pﬁgﬁtw 3R E?‘Soﬁ%gg Bedels ngarx?%ipﬁ;otcp]séng step
AhElHBPesERANAES bl pratessidg etepol | sher, a wet and dry
bevel etcher, a plasna etcher, a chem cal etcher, and

an optical photo resist exposer. 41. The nethod of

cl,ai m38, ' e L. ¢l ' ' :
S " R 5 BB A RGeS e
Theludat h photofithokmiphy Procevdingy etep stleetedtfrdredlé goow consisting of
fabrication processing step includes a

gy dighagr Pat et BihegeBlY-ng step sel ected from the

group consisting of dry lithography and wet

l'i t hography.

43.  The method of claim 37, wherein the at least one fabrication processing step

includes a spin coater.

44,  The method of claim 37, wherein determining that the assessment is

indicative of an unacceptable deviation includes:
correlating the extracted feature attribute with historical information
generated by monitoring of previous wafers generated by the

fabrication processing and yield data of the previous wafers.

45.  The method of claim 1, wherein generating information relating to a status of
the fabrication processing includes:
determining that the assessment is indicative of a need for altering at least
one fabrication processing step occurring after the step of capturing at
least one image;
designating an alteration to the at least one processing step;

implementing the alteration; and
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43. The nethod of claim 37, wherein the at | east one

fabrication processing step includes a spin coater.
wa@2008/Thew94ret hod of claim 37, wherein determ ni PQT/URZNS/054913

the assessnent is indicative of an unacceptabl e

devi ation includes: correlating the extracted feature

attribute with historical information generated by

nonitoring of previous wafers generated by the

fabrication processing and yield data of the previous

waf ers. 45. The nethod of claim 1, wherein generating

information relating to a status of the fabrication

processi ng .i ncl udes: defernini t hat the asses
i's i ndPEfine HPlyaieq fssmgma&i% grafers | T offe Woricating

fabri cat | ohriliqesskNANIGP RECHEHBGAIAEY the step

of capturi ast I mage; ~ desi gnating an
al ter ati on to the at | east one processing step;
andf. abri.cati.n

B ar ey god st Boh buBtST R RaRar O GO Fsting to @ staus of

ftﬁ@fabﬁ@étidﬂ%r@ée@ﬁﬁ%ﬁicﬂﬂleb :ncluding the altered
processing step The nethod of claim1, wherein

gener alisplayinginsirentionste & esenbised upon thegenerated ditformation.
fabrication processing includes: displaying
instructions to a user based upon the generated

i47f or Medei Agthodtdf cldiRe1,ehdroid geheratigd Mdrmanos F€lbting to a status of
generatlng i nformation rel ating to a status of the

febdeationrprptestrg Mchyesncl udes: aut omatical |y
pased LuRilonl) FREE BlrifimidiBe T (ARIOARAF FRXLlh LER based

nmoni t ori ng @emlmogmm@tadrmfoa:hammtl on processing, the
system conprising: an inmaging device adapted to
capture at |east one inage relating to an edge of a

SR cop (izé:t@:ﬁr fop &itoRRE HEmRIARANSA FRYichitm HRBEER! ¥RNsystem

processi
comprising:

an imaging device adapted to capture at least one image relating to an edge of
a semiconductor wafer being prepared by the fabrication processing;
and
a processor electronically connected to the imaging device and programmed
to:
compress the at least one captured image to generate a representation
of an edge of the wafer,
identify an edge bead removal area in the representation,
extract at least one feature attribute from the identified edge bead
removal area,
automatically assess the extracted feature attribute, and
generate information relating to a status of the fabrication processing

based upon the assessment.
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and a processor electronically connected to the
i magi ng devi ce and programred to: conpress the at
WO e@stioyne captured i mage to generate a repr esROL/EB10081054913
of an edge of the wafer, identify an edge bead renvoval
area in the representati on, extract at |east one
feature attribute fromthe identified edge bead
renoval area, automatically assess the extracted
feature attribute, and generate information relating
to a status of the fabrication processing based upon
the assessnent. 9. The system of claim48, further

rrprl in acotro r.controlling operation of a
ﬁé?osg’?tf gﬁg’%‘é‘?rﬁ?%ngmth at | east one of
the f ai’&drﬁl%‘llbpﬁblﬂfoﬂﬁfgs@e?&o%t SPSwa P @A Atiéh ®ol associated with

processor 1s electronically linked to the controller,
the pr oces%deaﬁlmehnéﬁhmfabgﬁamwdommgiﬁtm m ne an

alterat on | eration.of the fabric
aut ot Paanithe BRORBET B ESheRbY FeFed R SPRHURE thhgrocessor
det erm ned @tth&ibi@fmed to:
determine an alteration in operation of the wafer fabrication tool,
automatically prompt the controller to implement the determined

alteration.
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