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Cross-Reference to Related Application

[01] This application is related to and claims the benefit of U.S. Provisional Patent
Application Serial No. 60/891,289 filed on February 23, 2007, the teachings of

which are incorporated herein by reference.

Background

[02] The present disclosure relates generally to systems and method for
monitoring semiconductor wafer fabrication, for example by inspection of an edge

exclusion zone of a wafer, including optimization fabrication process steps.

[03] Over the past several decades, semiconductor-driven technologies have
grown exponentially and have revolutionized our society. Manufacturers of
semiconductors have made vast improvements in production, resulting in improved
end product quality, speed, and perfomiance. 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.

[04] 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



[3] Over the past several decades, sem conductor-driven technol ogi es have
grown exponentially and have revol uti oni zed our society. Mnufacturers of
sem conductors have made vast inprovenents in production, resulting in

i nproved end product quality, speed, and perfornmance. However, there
continues to be demand for faster, nore reliable, and higher performng
sem conductors. To assist with these demands, better nonitoring and/ or
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[06] 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.



[ 6] Accurate placenent of the edge exclusion region is critical to

mai ntai ning edge die yield. Variation in filmoverlay in the edge excl usion
region can lead to yield-limting defects. Edge Bead Renoval (EBR)

nmet rol ogy or Edge Exclusion Wdth (EEW netrol ogy describes a topside
surface neasurenent of the wafer edge exclusion region relative to the

waf er center and the wafer ed This neasurenent is typically nmade at
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measur enent #2. These neasurenents are taken at 3 poi nts around t he wafer,

120 deQ'iﬁﬁ S apart Th?ssmwak-%te%ﬂ thehdifement 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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[ 11] EBR neasurenents taken on the profiler can be susceptible to error.
The tool is very sensitive to vibration, which can often result in fal se
readi ngs. The stylus can also give inaccurate readings on non-uniform

waf er topography, requiring additional neasurenents. This process is tine
consumng, as it can take up to 10 mnutes to neasure 2 wafers using this
met hod. [12] This nmanual approach can al so be problematic for several other
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These touch the hardened, brittle photoresist and cause it to crack and flake off, causing

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.

[14] 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



defects can then be transferred to the front side of the wafer. This is
particularly crucial in nmetal CM? where the del am nated netal flakes can
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surface of the wafer, causing severe front side scratches during the
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factors, incrkanplg taset Bpor EBRe bnp drfpaetiop; eltsqmge srbadinggts, the method of
monitoring includes capturing at least one image of a wafer at an intermediate stage

of fabrication. The captured image(s) are compressed to generate a composite
representation (e.g., 2 composite image) of at least an edge zone of the wafer. An
edge bead removal area is identified in the representation, and at least one feature
attribute is extracted from the identified area. The extracted feature attribute is
automatically assessed, and information relating to a status of the fabrication
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.



Brief Description of the Drawings [17] FIG 1 is a sinplified illustration

of a prior art manual EBR netrology nethod; [18] FIG 2 is a schematic,

view of a sem conductor wafer at an internedi ate stage of fabrication

processing to be nonitored in accordance with principles of the present
[19] FIG 3Ais a schematic, sectional view of the wafer of

di scl osure;

top

FIG 2 along line 3-3 and a portion of an associated fabrication nonitoring

systemin accordance w th priBuiefdDesription bftherBrsavingsli scl osur e;
3B is a schematic view of a portion of another

with or agpart fromthe nonitoring systemof FIG 3A [21]. FIG 4 i
ol

schemat (& 1vi ew i | Fli3t } 46t gimem

of FIG 3A i thefRGe detail ;

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

FIG. 2 is a schematic, top view of a semiconductor wafer at an intermediate
stage of fabrication processing to be monitored in accordance with principles of the

present disclosure;

FIG. 3A is a schematic, sectional view of the wafer of FIG. 2 along line 3-3
and a portion of an associated fabrication monitoring system in accordance with

principles of the present disclosure;

FIG. 3B is a schematic view of a portion of another monitoring system useful

with or apart from the monitoring system of FIG. 3A;

FIG. 4 is a schematic view illustrating the wafer of FIG. 2 and the monitoring

system of FIG. 3A in more detail,

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

processing in accordance with principles of the present disclosure;

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

disclosure;

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;

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

notch;

[20] FIG
nonitoring system useful

straflonppfca priog gt tm@u%ﬁﬁ%mq#@%%@st em



[22] FIG 5 is a flow diagramof nethods of nonitoring sem conductor
fabrication processing in accordance with principles of the present

di scl osure;

[ 23]

FIG 6 is a flowdiagramillustrate alternative nethods of

nonitoring sem conductor fabrication processing in accordance with
principles of the present disclosure; [24] FIG 7A is a schematic view of
an i mage of a top edge region acquired during an inspection portion of

met hods[36h accor dBKEeS vié tzhsqheinati¢ yiays offa comapgsite sepresefitaismosicemnpiessH FI G

le of an jmage. of .at i howi f h;
s SLaEReRee vl Bar B Be ol R B SFIEE (2, Ton of conpr essed

7B is an exa

[26] FIG 8

I mges in ac
[27]

(28]

[29]

(30]

[31]

[32]

cordance with principles of the present disclosure;
FIG. 9A is schematic a view of the composite image of FIG. 8 following

normalization to a found wafer edge;

FIG. 9B is an example of a normalized composite image generated during an
edge inspection portion of methods in accordance with principles of the present

disclosure;
FIG. 10 is a flow diagram of a portion of another monitoring method; and

FIG. 11 is a schematic view of a composite representation generated as part

of some methods in accordance with principles of the present invention.

Detailed Description

In the following detailed description, reference is made to the accompanying
drawings that form a part hereof, and in which is shown, by way of illustration,
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.

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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[27] FIG 9A is schematic a view of the conposite image of FIG 8 follow ng
normalization to a found wafer edge; [28] FIG 9B is an exanple of a
normal i zed conposite inmage generated during an edge inspection portion of
met hods in accordance with principles of the present disclosure; [29] FIG
10 is a flow diagramof a portion of another nonitoring nethod; and [ 30]

FIG 11 is a schematic view of a conposite representation generated as part
of some net hoats be renzdeyrdd éncevenl &hrefationship betvash EBR-neladssie defectsvandt then.

Det ai | ed Descri.pti In the fol lL.ow ng. det.ail ed desctiptiqn, reference
e made to ¢ By bR EER pistainid G s eI A S AR R T o
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the present disclosure may be practiced. In the drawings, |ike nunerals
descri be subBrogessingl Figp sitnivhich BmeRilTingnNoecHhr ifyada befie Bevealal roveks.

These enmbodi gERALS, ANGiH&3GEIREdtulbntd bldpt A6 liFhdnitoding B HSm
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skilled in theart to practice aspec resen osure. her

enbodi nent s prgedsailloivs lfoizihd eadiiud lelibéiationlof ah egfiallass af B BR-etdtéd detbets,hanges
may be nmade without_ departing fromthe, scope of the present disclosure. The
fol | owi ng detiys sigaifiraaidy instgagineiedge dip ‘ore, not to be taken in a limting
sense, and the scope of the present disclosure is defined only by the

appendegi3¢l ai M5 apdieQUb Y Hebbde, RBERODS the present disclosure provide monitoring
systems and methods positioned or performed during an intermediate stage of the
semiconductor wafer fabrication processing, for example following EBR. More
particularly, monitoring is performed to obtain and evaluate edge image data from
top, normal, and/or bottom directions in order to identify or locate various wafer
features, including, but not limited to, wafer features proximate the wafer edge (such
as wafer notch locations; various film layer edge locations, such as resist edge
locations, insulator and/or silicon layer edge locations, or other locations; layer
thicknesses, such as resist thickness or silicon layer thicknesses; wafer edge
locations; resist edge to wafer edge offsets; edge bevel geometries and locations; and
others) as well as other wafer features (such as wafer centers; resist layer centers;
and wafer center to resist center offsets; 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.

[34] 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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[32] In general terns, the present disclosure provides various

sem conduct or fabrication processing nonitoring systens and net hods t hat
facilitate at | east one of quick detection of EBR-rel ated defects, as well
as characterizing the quality of the EBR process. In connection with these
characterizations, the nonitored information can be enployed to reveal a
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features proxihate the wafer edge (such as wafer notch |ocations; Vvarious
filmlayer eprpeedddagly icomrsctlysubbr esammsi wmeeetlgkodimentsiinelude messirangoEBBnd/ or

silicon | ayel._edge.l ocations, or other lLocations:.|ayer thickpess such
o5 sttt njing RESuonRBIR 5 softsd o bl BRU BIaiNgI & ol Bt RESEATRLInS,
resist edge pRviwfiafor@daen adlia! o wiedas thevater g@ﬁ@iﬁg préterigeniep@ahirpgs; and
others) as well as other wafer features (such as wafer centers; resist

| ayer cent er EBRanecensgsend os pesist deppsitionipsecess®ft er of fsets; and ot hers),
using data collected fromedge i maging. As a point of reference,

"i nspecii=zng” a waher, i s U i i i u b of 1 Ltori ng"
of the pasmri cati oﬁﬁp% g%gsgf%é,pg%t%%s,én%ﬁgqé%tgvgnge?zfg% met %%g &b%}e@ori ng
i n accor dancmowitbiing kestgmieaehmethods instudeencimicing deseries pé digitaimageafaboutal ong
with one or nore other opera iolgf;al st gs., [34;é The%qiharacteri stics of wafer
features, in&}EBRPTUMDHSE? Fatey 58’8‘1%@ Yath'an, 3ssQeiated, sensere SYGHASIAR GRLCRY i al
appl i cation agHhol pddAiBalar RTARESSES: FBR| QYEHLILY 4 RAaMR] GhePERdNSly! Of:

Thus, in sone enbodi nents, eval uation/inspection of such features,

i ncl udi ng f estne enibodinénts), amentire| @ysr, ciaeifsrenoe ndr the aafar tie iinzged dm aj s
used to control.suchaégocetsses, f}}%‘:\ qualjty control, and/ an tg i rgve
yields, for SYHPHPE 2er SERRER; R whoer "BUEe Mt umraid &g Slalidy

met hods are ugfiildlivdl9f 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.

[36] 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
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measuring the EBR line feature. For reference, an "EBR |ine" is indicative
of a resist edge forned during an EBR process. Though the terns "resist
edge," "edge of the resist,"” "edge bead renoval lines,"” or "EBR | ines" are
general ly used interchangeably herein, it should be understood that
principles of the present disclosure apply to resist edges and ot her wafer
features fornmed via a varleté of wafer fabrication grocesses i ncl usi ve of,

but not |ini tadyaieg veafge dskals r SWpiph) edgeBRyatinmo i opHenaliegeaddfe lp 38 sone
embodi ment s, ‘Q@éu on& %r Eﬁo%& B3 %Ify é’f)rdﬁ@éBFEx‘dég %Haeﬁd%é‘f @ods

hel p better enSure n er processing 1S proceedi y corr
exanpl e, sonedgeiipod rtnaelntt]Se nmmha] tdgermad ey thBRamersetopomirttiio rpropadraffocaile to a

center of a vwafer d/or relative to ed e wafer to provide

i nformation f&RRET IPoth\ﬁh%‘?rl‘féﬂll 9@1?1%‘? "I%’gelbeli SoriBpes g4S-dur i ng
EBR processeg,rantidh c'bﬁédté& w%l%’é IohRBrifY SREIREMd M3bSS We®E baftfof a

i nspecting one or nore wafer features, sone enbodi nent nonitoring systens
and net hods lan:@rumtereﬂiamﬂedmajer@hmcﬂeasatm ststgint amommgie g netimdolagy. edge
portion of a wafer, for exanple with an associ ated sensor, such as an

i cal d ff f
op R AT o P R B b MBI  oRel 8ER |n

wafer is i ”Hgﬂﬁcbﬁmﬂtdf%iﬂeﬂlﬂ()bb% @nﬂﬁ@meaﬂaepwag@ of Fatitication pe@RsdiNBYERhear €
conpressed and eval uated cunul ati vel @O for exanple via concatenation into a

conposi te reprtsShdstinern (0. of2s reginmy entwdergmnuiaélmbawa@? arefere Oy akheous
waf er featurgges ?% %15%%@98&% \98%10 ég 249102 FaP aﬁis‘ @gﬁgeréé)ﬁ, ,F?vﬁgér%ltogdﬂce

fromthe edge © toar5|s suc
optional | y e‘y(aﬂ ,udlager aflresitt 18, & ndsist @erter tlﬂﬁadimmsoédgehe%,aﬁoem(mﬁpiy anunber

of resist ers can be present on th each resi st |layer_defining a
resi st edge % R ipe resceqnd resighndge 12@&%@ 9B)grrFsamRly a second EBK lizgges of

interest is glgfatd%& ﬂ%%eﬂc@gen {3 & af &aédge 102t aﬂ@th@%&ﬁ%@ﬂs?&%‘%fthat

i nformation tai ne ylmaglngthevva such as a conputed
center |ocatiltdn Watdop edlmrdgomat@(bwgtemdsefrbmcaponms Q:t’ftheésyestofeehgﬁsIOSand/ or

th b | at t :
xani o, vl SRR dRe PR AETOrrBaN ot BARaRe ParS A T raes 2082 ng

waf er def ect ge ciiiififerpl@coftREWafePBO] $n Sithé BMBbdihed&EHoththd'whfer 30 ah@sRECt i ON
camera positioned to image a profile or side of the wafer edge ("nornal

edge") to tr@b’kf@ﬁf@ﬂﬁfo}%mre by crsalap &y fHape.t he camera to maintai n proper
focal distance fromthe normal edge of the wafer. Thus, in sone

erbodi P, 1 OFFY! 4 BuePhRELEH L LIS IOThLORHES AYPURTR A TaTE! hods

is used“as part o arger, nore waf ér chara I on system or
noni tori ng nmeohothisagye ot[lii(?dnsiétehby bﬂeaﬁﬁaoiue t@apﬁgfo@unmeb]lmnmamdnoﬂt(ﬁngz
illustrates a top view of a sem conduct or fer 50 at an rmedi at ¢ st age
of fabricati SR &S Serfgsistriis % resgval of PREDD ﬂ't“’o‘ﬁS’S’éHb@ r @PB?’{I%S’

ext endi ng angl iy, é‘f&%&; nt 416 QHeP Bf ﬁa@aﬂoﬂ'& v¥‘£¢f&35"0 c'ﬁQur%' ﬁ&néaﬁﬁh WERSts %é‘ﬁf er

perlneter edge 102, er center er notch 106, a layer of
resist 108, ¥cegen of resisit K8 fe]azweaofthw svtafereeansetr leﬂgevlﬁd_lnan thor, veriasithee a

EBR | i ner. antiotings 66 708eph dht el SrriEhien s 0p are His BRsLEUE T3 BREC( no.
first resistgRdgy regl$if 100P BSOEx4BHEOT L0RceshBalments OMudnd Vatibey) Of

the |ayer of resist 108 proxinate the first resist edge 114a to beyond the
waf er peri rretagpnvettglefamczatmcmpstthewefaré@ms srauekonfa chivek,vrfstagesssemblysone

gimr) gg: g\renit rS] gﬁg} hert He Waﬁomggonagrdothgreerlro% ear ce%fter "ot Fbtation OP th3 Wafty %"
be rmsahgned 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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[38] FIG 2 further illustrates the resist center 112 at offset fromthe
waf er center 104. This type of inconsistency can arise due to operator or
mechani cal error during formation of the resist 108 and/or renoval of
portions the resist 108. As previously alluded to, a | ocation of a center
of rotation of wafer 50 during fabrication affects the |ocation of resist
108 relative to the wafer. center 104, which, in turn, varies the distance
116 bet [3&n t he WEK@r2 qﬂestramtbc r@wgeenl@'zllarwanheagge@rc@tof&@gﬁromltham&sut t he

top edge regio di.nments

aut omat ed f aBf t‘?g;tlt ﬁuc tBﬂﬂﬁ?ﬁBS%ﬁP@Fn%gens@ GVa¢ e%fﬁrsdwlih@g%\égc\;dreﬂs age
assenbly. HONGV BhiforfHiy $f0tha WisedRE 1100 bRfwédhtRE welféroddge 192 c@AMRE fiadt redstat i on
of the wafer 50 can bé nmisaligned fromthe wafer center 104. When_ the

rel ative cenedge HﬂanbxeedﬂDWS¢e§nm Hovgrredinirediice yaisahgmnent €. efeviagion

resi st or other re i §4 [ J t he
waf er center "10: g‘% iﬁggr tf.éhggen %tgé’?éegggét&f@% {{g&%def—i@% ﬁ?’ﬂ?f’%@trat es
the resi st ceﬂ&lemfﬂclﬂttatobémveéwﬁgwmceﬁhmfnﬁﬁeye.fromthe waf er center 104,
such that the m salignnment between the two centers 104, 112 as well as

non-uni formty of e distapce 116 bet.ween. the fer ed first
reS| gtl e 1{4a Fgr%%lamvg&a@%&%‘o‘flsw %%nga 56,2}10515 ias mgécélpeﬁgnlnent
(i.e., deviapf gfcgféoﬁbﬁ‘g dRa éﬁﬂbdi?ﬁﬂt][s]f‘clﬁ“céafs}[/s%érh gn %&rha&%tmasﬁe@ 8f thelO4,

112 and edges 114a”is often di to observe with the naked human
eye. [40] FI ﬁesﬁAdmc&nsudae& dessrietiteter. Thedowédgelreginnf 160 lﬁﬂuéﬁtSdhg wafere 3- 3

as indicat ed n G a| on wi.t h ent s _of stemin ance
with aspects® ﬂ)l?e %‘Feféréhfes 5388%5133% a%sﬁéP?Sﬁgd“’d(y% TSROnT glb elige
region 100 i pedsthl@nily BRe Vc\ﬁftﬁé ré2fi0 €04 Qad/of loehek Iuh%nﬂea%uﬁfhceeﬁﬁen&ﬂs4aw1mnd an
exposed edge region 130 which is substantially free of the resist 108

and/ or ot her refersacs katween Flde 2pad 84, it somepmbodimentsdhe éorhteasegior 1 ¢5is 2 and
3A, in some g ”mugﬁ“taﬁnulsﬁga LORBe SHARH Bhet fagmﬁaers St ldsu gl ar

S
i n shape def Biikt inner I nse om various edge

features of k/ﬁﬂi(ﬁfseéilge fedteids af intersst] sichoay iaret efctge aﬁfedghefd)epmqﬁdedmglmn 130
and/ or the resist e 114a. Al so shown _is a bottom edge reg 134

opposite t helﬁ%en@g{; eriggploniee dd4an e DRWIHS SPaeTs r&ﬁ’f’PdﬁRWPPP@B’: of
resist or otfiglobididh LaYSH S8 WicheaAPhiP B bibktAfIhy HAE dr 188 ot GiihP
0 bel fig i 0

edge region ned by Bout t he sane aries. ht sone
enbodi nent s, ldyess amﬂhe ophéhally abmmzdredxage ok theetbp edgmragm‘new(bbjfg@ de&fnedrig
defines a top bev 136, a er edge nornma Ql]gl aqﬂ gm beve 40.
The top bevePbagt agan% bopRdaris 1451 SRERCeSTBAFTCRES: (e W) eﬁg YT

138. The waf gr 0GR tROWHRE cdR81 (RARAGRARERA top medmawmd e@%e aBrealtieB, f ace
and boundary of the wafer 50, thus defining a Iocatl on of the wafer edge

102. In tur nand hebabiont benehd ¢l Timaoplérsvﬁels%alwsm eigin 142 amdoexésoderieldha o t he

moni ori g SyetBrogeaomRAcal ripe Bl el AR bET gl b Bl s

di scl osure, whtoutdrifize dndhowMdag &f MR eafeNsd, Uhihy Geﬁﬁh@@bbﬂldﬂf oft Me wafer
nonitoring system 150. Wth reference bet ween FIGS. 3A and 4, th

noni tori ng syégeh®2 s fuel tadsitommbeyshd4@ #ﬁﬁ@ﬁsn@nﬁ’%gmamf‘o%ldefdé@@ dadhs 152

gagce)t tlg(r)n Edg%ﬁ&%ﬁgén&éna’ll?@ edge normal sensor 156, a controller 158,

[41] 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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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 inmaging sensors, |ine scan
i mgi ng sensors, etc. [42] The controller 158 includes a conmputing or
processi ng device programmed to operate vari ous nodul es, such as program
modul es for epkaastage@semblydéd.t ddterngtively tos mddisionally, and ae skowv it Eﬁit 3, the

controller 138 incl S an_i e, acquisitio dul e. 158a .f or, recei.vig

i mge data fFPSHYORE OF ‘??Bl‘]%dg‘?eg? F?é’%geéi&‘zseg%%sqgﬁﬂ%) a4 4 bo %Iﬂ,be¥§6gf’nsac’rcl§:1r%osi te

nodul e 158b fRé tgeard bt HRvelogmagss 1614,e1718S@Rt 1 Algh 16fthe eemRoLISBA56,MBgesS,
an i mage anal ysis nodul e 158c for anal yzi ngﬂt he conposite image to identify

one or nore Wevidedfag iyeBReNSRAMALINS SPNSOHY HR¢ 8eER IHBRINE ES1ESBor optional |y
di spl ayi ng the conposite representation and/or other information to a user

as descyg-rhed bel o i I : I an
i mge c[)‘ir%iat enat i \%e %ﬁ%@%@kﬁgk%% @gﬁg&é@%%gg}% ni n§‘§t§
tC(r)]rrpr es fi Olnl np@‘?dgevaiﬁaf rxlmdu_lasp:spxgen prcgrmhembd:dggalﬁar cbptrastmgetlhx_ermtkloniitorg'ngt 3

e controller urt her inclydes one or r L ectyonic links (wired or
wi r el ess) 15®§t?r%q§ép &lag @B}Pﬁ‘#’@ﬁ‘ T Ef?%%&fgglcg‘ﬁéﬁé??ﬂ@g%?cq& Fﬂ%l li ng
operations ofydaler | 5%8! o RecBlAi Rl di0 86 HoRITBAY of Rlor@ of &Y &P%e et 4851 on
server). As described below, the controller 158 is optionally programed to

ef fect uat e déS4r Hitmedeqmmsis snotwdh 15 forogemetafing reoapnposite ceprehrntaizpasiat e
controll er(s% via the |link(s). 158g. The %éatenféw in(il udi 2& t he various
modul es 1582 YBPEEHH Hia8Eh A IHRES oinelysts Rduls S8 10t afelyng 4B sPPae

i nspecti on apfagvialidaitifpRnelor Wahe ivatf@abathes, arCOt: ifietficeiabd @y seatadi ment
met hods of nonitoring sem conductor fabricatjon processing edge descri bed

bel ow. [43] Ynidonadly desplpyingethe spmposte; rapresppéalion angdios ol BYOrmatiOnde gdiseior mal
156 i ngl : ; i d
Ceneor 155 ' IR HHRRRoBRE el Oan R shlG: BRUAATT BIO-RE RRRAIPR, bRseS @

and a suppor tojdatdnetidg’ snoduilee 1684 dor $tAChing theuplages txd taheinage octaiprssdbrand
the support plate 174, such that the notor 170 is ag,apt ed to rotﬁte t he
support pl at 8ofitle 158k forshpaaessingibe gpagesddR se FESofigients ter Gk e

posi tion of mRLRL M?de(sad}g &rhx’rl?ﬁet QEctRIMRP Afks g&]@é@oﬂmless)aﬁ%gfgg%})gﬁa@ r

met hods/ apparatuses for controlling a positi of the not'or
cont enpl at edcorfitrdlev(a) pihasvise npaatingl G2¢ontSHingaonttaions 56 fanwatiem praekisyng

dapted t t. ' h f 0, h. I / I
rage dat a 1 GRUEITERPER CA Foshab Ty erve AR Ra: TR 6F oo £

cont enpl at edoﬁﬁ@{au%?og%%ﬁfeﬂ%o sHeotuak® detcARie®PEdcefahbiBARNE b p@&rﬁ%ﬁ ng to

a variety of principles or categories thereof, including for exanple,

optical i magfighe sepasaje icomtrpllsy(s) viat beflakénel 38gc, Thoh apsterpiakSOmanniuding éie ont |

and/ or confocal. princi.pl in odi S. 44417 u [ | ake 174

SUppor t ot ne i Br mRgt i3se % BHF B TRE TS 15 b S0bred B Blrkorth e
inspection and evaluation of wafer features according to various embodiment

methods of monitoring semiconductor fabrication processing edge described below.

[43] 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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the wafer 50. The controller 158 is electrically coupled to the top edge
sensor 152 through the comunication link 176, to the edge nornmal sensor
156 through the communication link 178, to the bottom edge sensor 154

t hrough the comuni cation link 180, and to the stage assenbly 162 through
the communication link 182. The controller 158 controls the top edge sensor
152, the edge normal sensor 156, the bottom edge sensor 154, and the stage

assenbl y 162akhpughgriberiyectbedpappretspofor|doprelling e, positen afgthe mgor {4} are

i nspection of edge .0 1<h h reqi d/ or

t he edge nor rcr%rﬁtg%g%?&[ 4?%?1’ pcgirstglg%%qggrl ?ﬁ’i f??“?%hrré/% g&%@%&n&%&é@& %@aﬁ%’\’ﬁa er 50
IS inspectedcytine infeges@iithorwafgr $§.stwin d5@rdyeeile tand'pr roloraimaganthtdiforbot t om
directions, with varioqus angles_of_ .inspection_contenplated. |n _general
terms, the nﬁﬁﬁﬂﬂ?iﬁ@d§V§P@h145@0$@rP%ﬁWQWE@BBJB@MH"Biﬁ§$@ﬂ?@@ﬁ'@@tﬂﬁb t op
edge region F ! : S RERERY . ?EEE i.N

system 150 aégdg?ll(go%]%’lléé%)rlgglao glpﬁ%%}gpggg%r?%rns ,%%gﬁ)ar?}ggp ins% '(i:e%si %n of

t he bottom edgegoregi dherdd4 jpchdingatfer véxantphe lbpticad mireajgieg,s ersyr ithddingnd/ or

the wafer edge normal. 138 via the edge normal sensor. 156..1n sone
enbod ment 5 EHEFBRENSr | 1y rBIFL ST PEPbcre S SBHEA pATRR: GF L vt er
50, the edgep@blinRAts. NCl uding one or nore of the top edge region 130, the

bott om edge regi on 134, and/or the wafer edge normal 138 by acquiring imge
data at a plurali % of circunferential imge frane |ocations about the

waf er 50#4lFor exarhpe suppareplpter 54 suppors theawalen 0 during eotetigroansliineagig elgi on

about the. wall Ve APt e et T di o€ EiRRRL B5urth e 1S b Bt g

sensor 154 aggbogh tikecaa@nibgionlinis@neoto tHebedpe nodiphl Ssidbl Y56 si@duglo therage
the bottom edge region 134 and edge normal 138, respectjvely about the

entire waf er copmymication Hak 4 A8.tta dhebatiqma 6fieq senperr kitdhroneh the ¢ommunispti®ice to
FI GS. 3A and3B.iqhh i gﬁﬁ{i' f he
edge nor nal gggslgp’ %ﬁﬁggq%ge ?‘%%2’5 %% ﬂ{a}?%ﬁ%c?ﬁ%t e éeaggga[%?ltggﬁn@%énsor
154 has an i osipesiter d38 aoatolk88e tdfhedgoperisar &52,sthasdge hbimalhmasanl S6nsipect i on

area 185, and the bottom bevel sensor 151b h i.nspection area 187. As
o be seen PAIPTCZSEENIRd SineiL A AE ABSTONS T IRORED oS HaIo B 136
of the waf er 1;809e74.023, 80, Weh lfoPRsiRtibh %Pﬁae%};tehge edash 160 HShotd clife edge

normal 138. Simlarly, the inspection area 187 can enconpass the bottom
bevel 140, asegien I34sngor theedge ndrmahé3®Bdge normal 138 and the edge bottom
134. In some enbodi ments, the edge inspection system 150 inspects the top

edge regjQn 100 of_the.wafer 50 includjn heg fir i 1.14a, the
exposed%esgge regi grh pf‘%ff\,ﬁ?aéh&l t%ﬂlget%’ﬁb%dg\rllgwts’l%; Wtaﬁeé %(ggse%élsgrg%gf Wf%é;qheand
t he bottom edgmitofige @Pstdd41 3N Gohdicpy rHohaalp ahdemboausl ditéfiongcwith diafigud 0 t he
i nspection areas 184, 186, 188, respectively. It should be understood that,

in some enbodP@EEhs nspretiqnoprrieaRlatedyi b sanstel dermes 4he ysioriag syHe® 13 t he

i nspection a e, Bri ghtfl el d: | j [ LS [ khent s,
al t hough dar ?gﬁ% itloﬁﬁllrc])‘lgllri}atﬂll%ﬁ, 1A§Jn{)/flf)ﬂfen§#iegge lrﬁ%&ﬁ'?lg? i@?’ﬁ%@oc%@%ﬁc,
sel ect ed wavelgnginsor &5/ Ghe maddbiapdystehuhihaddidonally artilteatatdy pedbrms

darkfield ang brightfield illumnation, gnd other inmagi.ng techni ques such
as those prevPRHRPPY @@F@F@eapﬁzgﬂ% cOBn TesRt doa T xinthte Via the botiom

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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[47] The nonitoring system 150 can assune a variety of forns differing from
t hose descri bed above. For exanple, the system 150 can incorporate |ess
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 I n accordance with

t hods of th t I d be be 48 | ar|
and vi th_ addAnd BN alPe caRHEb Aol AR ARG R ApRus e reler o0 kb 19 | ny
met hod 200 | @ﬁ%&&%&ﬁ%@e MO@% %ﬁ&&\% E? E%%oxpfﬁlsﬁ{é%rq}éé EdL5HHrfhal %g&des

capturing at st one 1 mge as desc ow at 202. As
a point of réfe m&rm;ﬁmn&]ﬂ]yeumirtohmagm@ert&ttﬂonﬂe@&egmn (84 fand mrégt: nommad AB&,

enbodi ments, on the 50 at a I Nt er nedj. at ge of the sem conduct or
Fabri cart on’ FRBEUBENTEON BF cad iy SHGROiah GoROE ow ng EBR of ep(s).

Further, the captured |nage(s) can be generated by one of the sensors 151a,

151b, 1%} 154 angi pirtiéHes, vathtdefdier®@ B FERO BN SR, the Ripldak istnsoP 52 pRges of
the wafer 50 are captured via one, two or all of the sensors 15la- 156.

[49] Regardl essnapscttqmearmﬂr%rth@ﬁdgﬁammméaensmbiﬁshamn mopectippage Bomphcessi on
|8 horf of ed e AN o) SOMRORL ISk ABLERENSR! LOR BF vl BrbRTBPEHLS

I mge) of an evera acce

conpressi on ue¢ipedioasréd BB5descihcbedombegelarhr 15Eh by anl insgetier ateatl87.15,
and in some enbodi ments, the imge conpression_converts various features of

the waf er 50A§|C@ﬁ§>et8ﬁe1@d@f§ Z’J&Iéhe(le%e iogprea A €an eppamanashie ekl Geefge,
waf er notch, yalg b cg?g%-gwgya ortlfsﬁpoidth ?%Bo%ﬁ@{&%‘a@&%ﬁﬂﬁ 19k all

thefeature(s : rlng ure can be“converted to a

strai ght |i nSimédalpbhoigpéctiah ure tﬁé?ncdmem:onmesstthd botom wwel 140, ne avelloas

curved (e.g., o?t{orﬁg%? tlgeacle gell{o?glal ?3‘8 and the edge bottom 134. In some embodiments,
the edge inspection system 150 inspects the top edge region 100 of the wafer 50
including the first resist edge 114a, the exposed edge region 130, and the top bevel
136; the edge normal 138; and the bottom edge region 134 including the bottom
bevel 140, according to the inspection areas 184, 186, 188, respectively. It should be
understood that, in some embodiments, the top edge region 100 generally
corresponds to the inspection area 184. Brightfield illumination is used in some
embodiments, although darkfield 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.

[47] 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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[ 50] The representation of the edge zone is reviewed and an edge bead
renoval area identified at 206. The identified edge bead renoval area is
generally inclusive of the wafer perinmeter edge as represented in the
conposite representation, as well as any EBR | i nes represented (or expected
EBR Iine(s) as described below) in the conposite representation. Thus, for
exanpl e, in sone enbodinents, the jdentification at 206 entails identifying

a repr elfgﬂt ati on &fore particalariyqed wub additioral relsrRpes fa By dsgrmnet BIG
Al ternativel g, atdi‘&ﬁ’cogﬁﬂtééﬂﬁ&j 28698 J&ﬁﬁqaﬂc‘%ml las c?sa%fg'ﬁi }?x‘éséﬁt disclosure,

pre-determi ned feature“of Interest that is identifia t he conposite
r epr esent at i arehyfdes gaptudmg EBBst bneimagevftee wpfer Stret desceitigd peletveat 202, [AS1 1At

| east one featur ttribute is extracted mthe identified edge bead
Fenoval  ar eas 20T GBICTRFRES theviptosrE R OUs DAl n soute By by
which it is exikAGhRHs0 hOM hiemEMIMRABIGE O HRINCASQMUALbPIAbIEADNGRSEETENS
variety of forns. In sone enbodi nents, the feature is an EBR I'i ne

di scerni bl e ifor exhmpleonposiiatelyrfollowingfiBR step(s). Ukatéher the septuied dmage(ahesss, t he
feature attribute can.be or late to Wi, df.h EBR LLne. .For exanpl e,
ot e r act b B R 23 of B Bhfptt hatnSl 132, 138 rlS s i rand R o
width, an avemde@n¥ntitdplumlifEeMinkeed 6F tha wataBdakdlcgmtd iadthe] fivabrHibef et c.
along the EBR | ine as characterized in the conposite representation. In

this regard, thefepwors helafebfure attribute to be extracted at 208 relates to
a mat hematical function of the EBR line feature (e.g., standard devi ation

char act Mgt e ( o RgBiFRCOr it it O PnfifRa RaBEo pORTH TS pSppRRAIE,

characterirstic (e.g eature at e Is-a ion-o

char act eri st pegfornwdt o gemerateh vochpokite xdprasentation (01g.| acdiongpoditt emage)iafgana
value of the feature characteristic at a plurality of poi.nts al ong the EBR
line as char §68%FeecRf the WHE ¢ wﬁag?rgleaqcsﬁﬁ@eémaa cORproFiEn & pare

feature attrigbutiBed f 38R SELF. MnNRARY t2RB) MdNE BrEBiRMmMhERR thé ﬂﬁ%ei on to
t he determ ned val ues. For exanple, where the feature attribute 1s standard

devi at i on i nc@&BReksioe coirdtts, vasious deatimg) of iee Wefer flealang thdedge zene (erm) ude

det er m ni ng jdth of .the.EBR | ine s reflected in.the c site.
Fapr csent ati SR Bhet i ParEG” S92 e aopd: ) Tgeivail BbaRppSona
al ternativel yeprieftatibRpf ol gl fatite(dNd FoheRamples dl @idulg ridie féhaddanthe
devi ation of the so-determ ned val ues. .
converted to a straight line; an oblong feature can be converted to a curvilinear or

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

[50] 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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[52] Alternatively or additionally, the feature attribute can be or relate
to a distance between the EBR | ine and an outer perineter of the wafer as
characterized in the conposite representation. For exanple, the extracted
EBR | i ne-outer perineter distance attribute can be a maxi nrum di stance, a
m ni rum di stance, an average di stance, a nmean di stance, a standard

devi at i in distance, ,etc. s charact.erized i.n.the,ca ite

repr eseﬁgfiz;ti on. | %tﬁﬁ?sé Orngg%f’l e ﬂ/ﬁgﬁ'%eylﬁeexﬁégt%pf@oﬁt@ﬁlg%%’?efjoed@g }ég?fir act ed
at 208 rel at egndval arelat DESTErhCRAtubd GRS avell RS tHeRBethbdSloSHb L whiRAlit ¥et er

di stance feature (e.g., standard deviation of EBR |line-outer perineter

di stance), t Reiragtashfzere dhecepmpnsitel esprepaateiden, g8n asstogueactfiome inspine

(500 . FBbEegt DR o P SRR SRS )

char act eri st Undet thaseptivduahstdrigeq fthe Ganirs agtibing dahebeERReldt®1@ asvidttaoaticeri zed
in the conposite. .representation. The extracted feature attribute is then

det er mi ned byBRpNS; | Koy example dhserteagied: EBR dine gridihpatirhuteeanchep maripunyes.
For exanpl e, I £ ntikgn Hhe i hSa HRAR W : ERR
line and the“)c{)ﬁt}tﬁ’eg perlﬁgﬁg&bfﬁﬁ\%ﬂagﬁ e(%t%l’ %xtracﬁh%%{ﬁ%d?gawéeh%pﬁri but e
can incl ude uedtby ¢tt.neloggdhalEBRalimeeashebbmeteriz¢dm HBRompnsitearedreséreatonmt eln
perimeter (asg.reflected in the.conposite representatipon a plurality of
ol s (e. g DifygFEndrhees db neg e arEbts, 140y CREE hrdBo TBIEh &) 2and
then cal cul abaRfnifeal AR SR EBROfind RENSO(LE! RAMANE deH@iHESE EBR line
[631Alternatively or additionally, the extracted feature atitibute can be a
rel ati onshi pwh&hjadhe BEBRo line widthr ein Yecdgsignatedi as 4 fieatwo rcharactedstic (e.g., the
representatign, For, ex l e, the features can.be adjacent.EBR |ipes, and
the extract e%@%ﬁt%@&%ﬁr?gﬂ? 19 nﬁﬁagé?t fe\?@r%fChﬁraﬁe %tﬁsh%%‘ a’?‘e{f’ﬁg ‘EER
lines over | apxtedteing Mllidhg dé(@fn@nﬁ%ral vatid @ thy featite SRARCIEARRM REI STty dTe

extracted feature attribute includes a characterization of whether or not
t he EBR |i neppigtst dpes the EBR Byeps chuaeadidein the qommositerpepseseatation. The

representati t i . t . | a0 es a
characteri zatg)ll&(r)ar? @gf f@éﬂ@eﬁ)%%ﬁesxgﬁfég@eg ?& #&Mé gr@#@%&%ﬁ%&%@ uﬁan mean
posi tioning dfe deterinirsd viaRiss.| Focexantphe, avhded e fdaned agtibind s daivd ddvigioni n

mean posi tioni f a second EBR |ipe, based upon the representat,ons_ of
the f1ret anthSBRJmS ARk rsdng Hwtﬁ%mw%@@ret@nr%ﬂﬁ%ww&a.aw1dth of

the EBR line (as reflected in the composite representation) at a plurality of points
(e.g., more than 5 points, alternatively more than 50 points) and then calculating the

standard deviation of the so-determined values.

[52] ~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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1541Al ternatively or additionally, the extracted feature attribute can be
an extent of conpleteness of a feature, such as an extent of conpl eteness
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 rin noting that the ring y or, may not be a_ perfect or

near - per f ect atg%? ¢ & aél%?‘@é\ﬁfla‘@‘ie J%Wr‘g%a&tepﬁﬁ%)’ (Y‘P&’dhé @ﬁhocggf\%trggmg
alternative featder i . r ﬁg&
processi ng igfégféi?fgélg%ﬁt, i e§g%l'|g&|c{fﬁlg% ?éo%mg\gggn%aﬁ%e{%@\?%g%%%?@can e1§<1ttsend to
t he waf er osaloeg theeEBRHirer 3s ahiatabtetined set)aentpedite’ mptrestriationaf Bre exttaeted

perimeter effectively bein ogig'terat d (i.e., a discernible R | ipe does
ot exi ot at FEHE® VPR, Bt gllamd Y hiffinis E af bRl FattoReos e
attribute thasemBREESAMeS. aFsie¥kahplONwhbreathel fRAkE fiueBulBR Hiche digatddr e
froma conplete ring (or other continuous shape) and can be expressed, for

exanpl e, as betperxére EBR life anbtheBRitdr pesinfeternef tha wifer, catrpaivigtthe feature

epresentatt g SOTRAARHE b BARH e TG B SRl QTR

conposi te repérif€st @kireflectdd in the¥emposite eAGE EntfRATRNS PlusdlRy W bbing (egngt h of
the wafer outer perinmeter (as reflected in the conposite representation);

where an actmare 5| nodets fadiginatizely marp thapodmredntsband hge ceewlating degreent hat

is 75%of th 's%&@é%tﬁ%‘%&ﬁet%ﬁﬁ%n@@%ﬁﬁ%é.ength’ the extracted feature attribute

can be characterrzed as a extent "of conpleteness. In other words, with
this one exanple, the extracted feature attribute characterizes the EBR
line feE3lire as bAltagail8eky c omdditienallysStheAekteaatat ifeatise attribadi tamortel lay, t he
extracted featlagre attribute can be ce?triciw of a feature, such as

centricity of® IonEiER her‘ﬁ%enr% dnoteh featues 11 & %?WQH“%&FWF?“&‘WV“MF‘?&
feature rel abianié,ahdedrdeibad b&eje&nt EBROfindsD EndVHeCxtladiSd T8 GhtfiBuden t he
conposite representation) can be determned (e.g., percent of centricity
relative to mdieivs cHhmbikelihood thed sled EBB)lings dvetapadyiei anhthdr. aMordpartislady.t ed

feature attrjbute. ojnt, of reference, .the EBR l.ine can be non-gentric
relative to e af @?mggﬁeptsr% ueg@agte@{?z}@%ﬁsat%b&eeg@uﬂas 36?}%?%59685‘1?10% h as
resist or fiwhettleposidot Ale HEIR 1pkOReREdsNEoss bvaebne @h6thetORE tIRY cHMp6site
different variables can contribute to centricity deviatigns of other

features of TeRfeseration. seAligraiively: i thel yexdacteddifeatsreal ptiribuit e inslidenceed
feature attr] e S e . e - fe such
as absence o }Rgén&eer%{elg?e%oéBwﬁ?goé 3)af? grcge?&%fr?gde%'ﬁg%&g, 8%"&%1&& @53{1 eg“?“rri ned
| ayout and "pesitiquetig of @ fivstr EBRUlias widhiac detdtgined stakderd (eviatéer i Sneih
wafers) wll prescri bg the locatigon(s) of EBR.|line(s) along the wafer and

relative to PHEQHRSPT 3icernd, EBR IR Mased wppy therigpreieptaiions af ihe fhg 0 ed as

part of the ggggﬁ&ggkqgmgrhg%%ng,gsi Reshgn y formed, EBR line(s) will be
reflected in the conposite repr senta?lon at or along a location relative

to the wafer outer ) .
[54] 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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perimeter approxinmating or conmensurate with the predetenui ned or expected
| ocation (it being understood that the wafer outer perineter is
identifiable in the conposite representation). By referencing the
predeterm ned or expected EBR line | ocation information, the conposite
representation can be reviewed, "searching"” for an EBR line feature at the
expected |l ocation. The existence, or lack thereof, of an EBR |line feature
at the expecPsr p@Engierwithdbe premeathint| thearpigsoutparaimsteraivglivdy baing
attribute. [ raat i, v I ri

extracted at é@)@la%:egn&gi’ ? fcggrox r c%?n%é%é)ggéssc% g%%\.e %11{)%1\% yé?%. cglttér q‘egﬁeﬁer%
intensity (oTherettherafticonpleteaiess atribatd thas reprsenth ardeviatisn oharaglentéfied] EBR

intensity, standard deviation, etc.) as reflected jn the, conposite
representati ﬁﬂe,?eéﬁa? ? Completsiiing 206&@%@%‘%‘@“513@’&@?%4% CXPIEITEMt s of

a feature i ”fdrh:‘imﬁ@ﬁPth?@rc ﬁ%gg{éﬂ% BIPfine 30urfel i th@ tothbd e FEpeRRBdtIoRe
feature, a frequencCy o n EBR'l1ne feature, an extent of parallelismof
waf er edge t apcémpirad do reel‘@niplete’t BR linat By peryi ofeteamplé, thhe Wwaferdd betc. ).

I n ot her enbodi t t . re of fhe.above described feature ,attributes
(or ot her -1 catisPEa L ApiiIE e Bafird e legen 2R A RpS oSSRy LAY o

t he standar d«@gphatdRhen@irite Withof lef QAP eeSRBBS outdNpbrRhdiet (BS RfflebiRd o tHRVery
EBR | ine feature reflected in the conposite inmage can be extracted as

feature attrt@upesite representation) gdert an spdual SR Hne éaturs &n Bwrropwopitogragened

wi th one or re.defaul t.f ure, attributes t e agte I tion or
al ternativel §* ?I%%lg@'bﬁla& o ?%%" Ofége a'ilﬁerb%utt%r e&?%e?rﬁe%éété’ g’)?tes(gg?t%?l 3%%“111”%

at tri but e('s) attithee t&ObOShardtpHz@ds BYSP exs@n of EompRIcas @n otHee woedy, kathl er

158 can be programed to present a |list of possible feature attributes to a

) p > :
user, with tHes oreoxampls thepxiasied deatyre attahyty chargeterizgshe EBR) lingtfeatiregsest .
1581Regardl e $ mat and nunber, the extracted feature
attri but e(s)ﬁgngegé%/‘%gﬁﬁ{@%al | y assessed by the controller 158 (or other
conputing device) at step 210. The assessnent(s) can take a variety of
forns, B is gendltatratvely oa aflditionallyn thef exthaeteg deatineudtaibutextandest euitrictyt ur e

e compar ed. PhiATaF. s PEHEE BT PLERRLn fehiths Mort BRUPUANE. toaisab, °°"
E glner ance r apgg fdafurd relati 18°h idtieidd B8k dMBe Wadd Y4ereNBaRd W Mk BoAPbsitdut e

representation) can be determined (e.g., percent of centricity relative to a 100%
concentric baseline) and established as the extracted feature attribute. As a point of
reference, the EBR line can be non-ceqtric relative to the wafer center 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.

[56] 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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be conpared to a predeterm ned range; an extracted EBR |ine feature
centricity percentage can be conpared to a predeterm ned m ni mum val ue;
etc.). Further, corresponding extracted attributes for two or nore features
can be conpared to one another (e.g., line-perineter offset standard
deviation attribute of a first EBR line feature is conpared to the

| i ne-perinmeter standard deviation attribute of a second EBR |ine feature,
etc.). The apsésetarrpproaimitingt iecommensirate shthr thet pradetarmivad oo expactedt i on

of the likeljhood of .one or r BR.line.conditions. indi. ' 0 fects
or near - def e80Ty (Lallé (Peg Y%%‘ﬁggg"d’ e@%ﬁt}%ec‘gﬁf%&uﬂ% ,pegng y P’srﬂl{l‘;'i nlé‘,%deﬁéglee gnt g%ngt h,
EBR | i ne ovegddpositetrepretn@dtiohf Bypfef@thehg ¢ignghietiétOininéd on gxpdateddeBRliriened
resi st edges 114a, 114b a roughness nmeasurenent for the resist edges 114a,
114b, for exloeplien infprmptigndthe GORBOTIIRTERTSTRIRHNDY CandIsITEvisHESt 1Soa N &%

j agged or s I Ab 1 .

Addi ti onal | erQl? {E?l% Qg%geﬁ“‘tﬂer%f ggg%‘%’?‘f]%‘?%é’a%é%i The ﬁgi%{e%ng ’ ‘?ﬁ%&ﬁ&%@? AL fBes
114a, 114b caBRbEndfhritdrhithe exgectd, locdtionls dren establigitel @althe etiracled fWteree
multiple EBR |ines are identified, such as resist edges 114a, 114b,
"crisscross” 2HPHE-s, or intersections, of the EBR |ines can be determn ned
as well as offset between the nultiple EBR |ines. The above-listed netrics

are not Fmant to DeeAieNG M alidiBiohdlBL tRNaRESMriRAL extdcald A¥BI08! G d@frer al so
contenplated. [59]1n nore"general terms, then, the assessnent at 210 can be

any eval uat i out thpse dasatiyesli abopetef s fealturomtansisy éortmatbereaichbehapacéerizetionsut e

that generates information .ipdi.catjv f. one or re af a.defect .

Dear - def ect , ﬁ}? lerIle?B?}f %SafPF%]rimgeP%@e§J?Pﬁagradigviagfnil’oeﬁa})?snmgg%%d enosd Pfrlrlgﬁ%l? t he
gener at ed i ntyresehiaftn, ChBradietigdtivatdf\oak Yor eora geb-ddt@fahddyscpmentofapegiad or
viewed as indicating the |lack or absence of_ a defect, near-defect, or

fabrication Bt Becosinesitespresentationpfncttheprofle a1 EBR linerfspturg,@ figguencihef ng
i ted |i i-d RO ' r f ect:
ntorost . ol TR il byl bRl bR SFLERE ol 5 Hafie Byl an

processi ng dewuiedpedeteLbEth wabdr, aicpoilbilet embbdineneeiwaot thefeef the abovede
defined as being_a_conditiqn th?t t he manufacturer of the wafer 50#225
turers

deened as r_eé}ﬁ?"i‘?’ﬁ% teahip TP YRS _%@mﬁér{?e}%‘i‘faﬂ _}ﬂeé ‘Fﬁnctlf’n‘a‘l‘j@f;@ﬂ aﬁﬁtﬁﬁ
(and/or thei Ml&&%%,r e aaﬁ&?+ 'd%ﬁaﬁ&xﬁ”&ﬁéxﬁ ST édnsh1ERRest Oind BichahBfile of

sem conductor paraneters or to erances that in turn are applied to the
waf er; any ewverpdiBRiine ditatird ecfidctadhingbe conpositedemgact by extrasiealcasegatulthus, a

e e B, S H LB B RBLASER sl Yoo a0 °

default 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.

[58] 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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[60] The criterion or other bases upon with the assessnent is perforned can
assune a variety of forns. For exanple, the controller 158 can act upon
user-inputted information relating to feature attribute, with the user
information providing a quantification of an "acceptable" feature attribute
(e.g., the manufacturer can designate a range within which a determ ned EBR
mean line width nust fall). Alternatively or additionally, the controller
158 can be pbegompaed i 4 iprafefeamined asnes save pxtrastadalBReline featyye, cenfyisity

controller 158 can be ogrammed to assess a fer_exhjRiti a nce of
an expect ed E‘gﬁeqtf‘g?ec%fg{’ﬁg?ﬂ‘@aﬁ f8ct ip_{/eéfefe &W%Ya?%eé}g%nﬁ%ﬁ%gr 158
can be progr mgoﬁ(ﬁn% B¥tr RV dPat @R Tot FRUEr RbrdfhRiFesi dah Wempared foaniewhi ch
an assessnment of ‘the Teature attribute can be based such as historical

data. [61] | ancibeti feigonlina-peximeter efffset stradardedeviptign aiviirigaef ®AirsfERRdISer t he

oxt 1 act od 1 SHAIRE ‘S FOPPRSH 46 G WEReg gl SiRRs AF14RR AERLE ORI

processi ng stEem $he MR, BRI | QUt alsbagsmédiecans fehsmentil cacharacibtigktion or

eval uating whet her the extracted feature attribute js indicative of

possi bl e deceeduationpfyhelielihyedef pre qrgnerg EBRyline gondigongandicatiygptideiegie ned
to have "pasged’ r - | I rdqbe ' tgBRE;

|t or modi at o0f QB iy a o] B EHERER Pl e SPRAG SAE SO BB | e
extracted featertsp, atchl profileg of eilicheonditiome Uning thef deterimémedvicerat edgestlide,

i nspected wafers at a simlar stage.of fabricajio indicate that in
the absence é“tbrao@@g%n%@ﬁaﬁ‘gﬁlﬁlF@ng‘{r tpﬁéeﬁ)v%{f c% gl)lflg\?ay]ﬁb’ g & RBr Peat i on
wi Il have a Isﬁﬁ@e{rdt(fé@ﬁtigﬁﬁhﬁlﬁgr LRFRONNe ¥ Bl ]ja(g%e(g or sBH6® tHk gesrdt@ladds This
form of assessnent can be perforned, for exanple, by referencing historical
data or i nf oil idd,ilddb istaathentpiarminade Additierallydit fseeanigneplatied thay athagic)shepeom

ot her wafers previousl e at by the . sane. fabricati on_ prec i in
combi nati on @f ¢the lr‘F?ésﬁ r%ggssgﬂaarﬁ%i"}éf]db‘?/g?tﬁ'érgme‘ige'?hicérc}l a?lg?ﬁ?sﬁﬁfe&g')’
control | er 153,480 RApRrIER 3HE drd Alentifiok aflch Qs FeSanaias €14, 00€5SUriser
nodule) to determne a correl ation between one or nore feature attributes

and conponentragFepeintsf oF ingsrsaetipes, 9y the BBRJines spn Yo deteppigsd s el asoffsel
conparing yield data angd.f t d i nd
ol ati ngt i Lot afs BEHEREE Bnll; Thedhdheidh Iehlls UL OHR IO HSRETE
currently beieRguiins A&GInedtheBpbtentid mettes dre alsbicogtemphungd. e of this
correlation is historical data suggesting that where a particular EBR |ine

wi dt h has a standard devi ation of greater than X _and a concentricity of
| ess t hdPly, conpdnamie genera e, B5Rd eb%ﬁ@%%@&&#ﬁiﬁé&ﬂ&ﬁw petonfype

exhibiting t Qﬁﬁg&s rRBRIACHR' bxithdcfed: S atthBERC AL TehTBa NARTmatiBEN,
where the extracted feature attributes of the current wafer being inspected
i ncl ude the maditativel af oBBR inmee widah dsfeetn deeartdefedt; i Gbribatiang peecesdieg t han
X and a concentri.city of |ess,than Y, .the assessnent wl|_ d [ Im at
t he waf er beidt‘?&aflﬂ%pelﬁ‘t B %mP?(E@eVSt g_’%ﬁ?ﬁfr%%(i P@%ﬁlogo%p%ﬁ?%ﬁgi épat
the end of fapgiteakiPhe ifdPRicdor vitlaliagndiasin! the Qickt @CibIbMsas” Adefeaigual | y
accept abl e. Further, g@gl@urallty of different assessnents can be perforned.

[62] Fol | owi mgart-defeets rieation predessing dpviation ofimtrsesh(ieqs, thal dieiwrfer ring

status of the_fabricatjon.processi n}g Al 1Ak neteadieft il [ can

assune a var i“éstpfic%‘f‘ Q%Sjry ldéﬁ)g?ﬁa‘ée & unctﬁl%ocﬁef%cpa’? ﬁlggtg(gses go(r%edr%{g&éﬂ(? ﬁlg?

step 212 can jhdieaty delikdinebdiofi garciotiae gibricati@c broeadsi)g deviatiny eta.pspensi ve

to the assessnent, as_well as_canveying and/or autonaticall .jgpl erreﬂti ng
r

the correcti woicef apferepoe.Far “defesipien B dlefined 259B5PE oo Mtdhe o the
moni tori NG Mk Rda B of B WELCH Wil BldhodCas [RBIIBABIRA S ABNAIKI cat e
that there are no detects and no process devi ations. Under these

ci r cunst ancesemidvadictbomamtfhamrersefand/onthefraustostes) gstaldishtstradamlnriterian fon
processing 212 (referenced generally in FIG i ncl udes a..desi gnation that
the vafer | s CAERBERIADINIA BEERGRE TryoleFances ek 1 Wik pie grBlivd g fbg Wareh
fabrication processing steps are necessary, as reflected at 214. The
nonitoring nethod 200" than continues by processing a next wafer/substrate
as shown. [63] Alternatively, where the assessnent at 210 indicates that
the wafer is defective, this condition is designated at 216. An eval uation
is perfomed on the assessed defective condition at 218 to determ ne

whet her the defective condition is a randomdefect. If the defect is random




made to determ ne whether the wafer/substrate can be sal vaged or repaired
at 220. If the wafer/substrate can be repaired ("yes" at 220), the need for
additional fabrication processing step(s), along with the existence, and
optionally type, of the defect are conveyed (e g, displayed on a display
screen, printed in paper form etc.) to a user at 222. In sonme enbodi nents,
the generated information further includes the type and/or extent or

renedi al pr oemseimppnertwiitsidelofihesedolsranseriwill besreiected. dbHway dafech’ qaRdedser .

Co ly, where it i.s d i ned that, .t. fer/
Fepai rod andrerith btife SRET RS m RS LT e PR i D R oF %
cost - ef f ect i ygkivulafi@hufactir. at 220), an indication that the

waf er/ substrate should be scrapped is provided at 224. [64] |If the defect

is determ ned to be non-random ("no" at 218), an evaluation i erfornmed at
226 to Efimate wHEE HEHeriaReor other bases WRRR Faihathe atarsPFEbfS Bafergied can

processing vagd gl ng?ri%tﬂ dko E.e%rdexba}r{b?e,ec é‘lcUﬂ%élﬁi? 188 EdeadtalfonCadel-on

processing in view e defect can be performed on a variety of bases.
For exanpl e, inpnéted arfomodtionnelatif wafkatoee gtribyteamithdh¢ osezinforrastiaeproyiding

designate that certfain defects are. dye_.to non-random pr.ocess yvariations,
whi | e ot her ér@a&ﬁ}é""mﬁmr 8B mpBEL fﬁﬁﬁf%ﬁ“ﬁ‘h&te( é%} :‘heamaﬁw\égﬁlﬁed" “BBR
line is a reﬁé’éi%na@é of ARPOWiBEQGRESh A lBIhiAS FEH rdsinafind RRAM! Rluse 1Y i N
operating a resfst applicator, whereas a non-centric EBR line defect ' is a

result of a AdtermatindynompadiitegellyatheatontnlleutsB san e miregeingredawhhriafauliy

tool). Alternatively or additionall e ntroller 158 n.r I e

hi stori cal dﬁ?sﬁssé‘??a‘}/ B?Ia%’r‘ﬂfj?ésr {e@*ﬁgg%’@@t@éésg ra ‘gﬁ PP gﬁﬁ%ﬂ%%é:@oasé%fﬁglvgat g the
eval uation. ByhibRitiz@W aBSench 8f &abkbctRABBICliAé by b @dfSotivel. Budrofurthef, &ies, a
processing drift can be recognized, for exanple, and deemed a non-random

process vari aeteniler d 5§ can beregemmsdy o] spvichict €alsien JmEsRoR GHch AROFmAoTy j f ¢

process. var | SERbNIL b BErsefbah BF B, RSO ALARRR ohn HEARGD S5y bsidled

repairabilitya@f the wafer/substrate is evaluated at 220 and conveyed to a
user as described above. [65] Conversely, if the process variation is

determ ned to be non-random ("no" at 226), one or .nore fabricatio .
processi®ld step rrg‘éliafjfh@gf‘i%n%s _%‘l"@ka@%?’ffn')“_hé‘a eé’ta&?%%n “?p‘?’h%%‘?rr@&‘f’#@r the
process vari atiblel Nhe CRELEREAVA PIPCEA ShBRdERLEt6aE 188 (Sora6R8 ffre
relative to processing steps before ("upstreant) and/or after

(" downst r eanajtribite(sy uvittenteld tiafpemetion aipdior afabdention prieecswiagestep(s). ngMore

i nspected. For _ex I where the wafer.is heing assessgd i [

fol | owi ng beP&tc ﬁggni O o) a1 (Sarbé%cﬁ'uqeeﬁ%@%f‘tﬁng ‘ﬁﬁ%@e s |en%xrﬂsg§%82}eﬁuieel y to
inplicated byitibiecas sRSGIRE bf bOGiB1EAetreideanadgily TARPIsI t6 &by, onhidd theokafeege
bead renoval (or other bevel cleaning techniques). Dependi ng upon the

particul ar asesyskmessmedithdaye Oprssest’ merdacitrer-Aesignatedrioleranse Cateatoapt the

processi ng st Lhe- - ot 1.S6: | fl r t he
Pescsoment miyCoufs Mhrlort SuBEH PhisB e R ROMHC Y Fhmmb e R
that optical femuepmEbitei(Sitlepaloationth furthessietwhdotiomp inspadted imaterpetrd tndlar et c.
In this regard, the contraller 158 can be programmed to autommti.call

correl ate a [Reeiokdnbricatienymry indisats Higt & Q?s%g mr% eSSt fn(iﬂilr?‘ﬁ‘“&ns’ the

particul ar pr %&$§>11B%%Ttﬁhﬁr faﬂnglt{ohC@ftlLHQVeaQ%@frl fuon 'RE R BGEpYRAT yRIM er ed

process correlations ernatively, e controller 158 can reference
hi storical d4¢.g., tedgeldieeyiaidhe Thispioornasassisapernehde egvinpednfor ekamaply, by be

t he cause of a_ particular process variatiop, and.iteratively deterni a
desi ragl e prde C‘H’IS uﬁft?%‘%i‘hl%tﬁ o ét.’f\éq?ét}ﬂnlzfe%‘flg fq Gﬁleﬂ‘ F‘i’f%?ﬁ%g ﬁ%‘é&%&?
probabi | i st ?ro?ﬁ Ath&t kaftrs PRAVINRLS gefibiGrell- bPYhé MR RBELAbN! BRcBERGL S

nodi fication(s), then, fixture wafers fabricated by the fabrication
processi ng wichinbpmtibe g6t fhiielrgsultenteyibidovaluesh dn dhigseganhdbe aentealieddpt ean by

th t f bei [ t des] " [ d"
by the cont r 1 BPerBeih (R RRERE 6 of PSRk eoPRll blRedR) e acfhihe" ™
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[66]In addition or as an alternative to nodifying upstream fabrication
processi ng steps and/ or equi pnment, the process nodification(s) determ ned
at 228 can be downstream of the current fabrication stage. In connection
wi th such downstream or renedial -type process nodification(s) (e.g.

nodi fying an existing fabrication processing step/equipnent addi ng an
additional step to the fabrication processing, etc.), a tln]2§FOf t he

process nodi FEAEHBHESYcRaRC LT anprp &ayuR aHEbEES agq)qgmpgglegyylelg €exXgBpledul e"
i n which an @attl'st?&ﬁk d& C}S}S? IEJ&Q?E% B’mb%lxg"y%ﬁgcsiﬁs@ aﬁ\}g%ﬁm&t tﬁﬁbu‘?@ﬁ%ﬂalt o

manuf act uri ng’ s Ime o en |rrp enent e
current waf &bm pisvmed wafess éndtm]aeng\/dﬁecmalaftlcsﬂmhewmmdtedﬁ’mtsze amirilbhtetdfus be

nore likely to exPl bit e haglced conpoegené%iyl el d. The so- ed
process nodi fec MRS npuyentiynbejae e‘PF}E’Gf at eeil Hn%n’érb g FKALHIE Sn sone
enbodi ment s, .4,88,@506 %?s?orﬂﬁijﬂ %e %ﬁlaﬁ&lﬁe&i% al’t?du@éii EER ﬁnb‘%ﬁ'&th(‘rﬁsg
di spl ayed on a screen, prlnte |ns ructions , h the user then

assuni ng r es ptondard idbirlatyon‘ of greater thainny) andd croau@l‘m@tyt Wewg@aﬁ expngponent

ded f ti b ted,. In th
Controror 1881 (AERasoR) 50 ClupahL VD) Fgfest (it bR MR BiEed
fabrication pRAhdiéestics.ONUsler Ht¥se iRiBlsBincdsh) ah&n Nivhede! {:He t2@acka fBfure

el ectronically connected (e.g., directly connected or indirectly connected

via a commonai@buies ofghe geinent W@d@gﬁmfpwqdhnéué@ﬁ)&rﬁf@%rﬁﬂ%Illlﬂéf‘?‘ﬂ{l‘lhat i's
th
ot opy equi predratd B HER Nl gfoBEhl K Bhe WPILERILEY FIRECHINER e

to aut omati cadskynienswill déte@iing iRKte Whier beipg impectedistlilaly &rhdve decreased
automatically inplenent the determ ned process nodification. Thus, the
system 150 ef9mRenepbyigldst g andofatrication. Olsp cemrlition fagipry orrteghniqugs ign

processi ng. %&%lyl %pta%lé L{Tﬁl% ap%ﬂaﬁgicﬁdﬂﬂ&%nttéé s8RSRS SAFBY cdn

i ndicate tha I’s “not ective e extract eature
attlibute(s) are indicative of a possi bl e process deviation. Under these
ci rcunsf@ices, t hEolj;@miagah@wbsé&smehtémﬁonnatWIﬁSgsmratgd s¢latingstoi métausaf iten  at

212 can incl ude revi ew te ss. variation at 230. .In
Comnoat onowiBRCRT P Ring = 218 T SerBieE e iioiaf eftond Heriedh ofy
process vari &rhRhnt $s @fdr@ﬁ&?ﬁf e lakbkdrdht | Fuﬂﬁ’éi‘est@fl 2 PP6an intlube HBermiminpod
200' proceedl ng as previously described. Once again, as a result of these

eval uati ons, cmntwalact(mﬁ@t if anyyrespopsize & ﬁb&ﬁéﬁ@é&n@qﬂé asarellns coayesReend(@ t her

via instruct on n.to r by ro 58) to
better ensur8&" ﬁa\siﬁ' %%Hﬁ’enﬁf f@%r lcﬁet% (é) arle:&IheSS B{ +1y to&lsuffer
conponent i elidltibeg SeSoremrdiIths QﬁBl(iitc&ing( dmtmﬁt pe@nrefiucagiess FI@, afetiey s can

be adjusted or inplenented (for exarr&lp rautomatical |y adjusted or
i npl ement ed AeHBIeNE 210 Fan indigate hatclereepie RmAelects AndyRq pr%?gsspé%'@@tm

future waf er g der 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.

[63] 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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[69] In nore general terns, then, the systens and nmet hods of the present

disclosure facilitate fine-tuning of fabrication processing. Actual or

potential processing deviations are recogni zed and qui ckly addressed.

Further, conponent yield (e.g., edge die yield) can be dramatically

inproved, on a relatively real-time basis. In this regard, the systens and

met hods of the present disclosure can act upon nothpq%é?pass/fail def ect
ag

det ection, butadatsdeterpune whetbemtbe safasisubriataenths sp raapaited £2& Hrocess

deviation B it o . ; . : b
Saheat on can Heavy pLnbara SBEb TP OO 28 MealeER il PRGRE fafRbarleh T,
EBR | i nes Caﬁrd@@ssﬁige&i%gg,i%l&@ Wih #heOEsedes and 0ptieeilly ,dfvthatdefeot fe. g. ,

tools generating the R lines are off-set); .etch profile inconsistencies
can be vi ene@omreyeb{asy dipnlpredtanadisplay s, PEnted ¢i PERAE fob chrel ot Yssha
(e.g., poor esi.on): . S .30 he
present di sc?gg’ufﬁel %ﬂ:ﬁl ?’%‘?%‘Pé’%’é%t ?ﬁhgé%gaﬁ%(ir]g}fé%%%@ a nu%bg?i%grﬁll%a I on
processi ng t aad/sr eXtert @xampdial procedsing epeedd drcrecanmendedofs AR dnivaged to

i nspection, tools such as spin coater, ed | i sher,, t and dry bevel
etchers, opt Flk?al_lseéft C ‘é“r‘?,fs_e& é’%}er‘fcétnlsb etE‘@‘HP?‘gIﬂ{)agdi}e Refey/ S}A}E?T&% GRSy ence,
any bevel cl FaRiied et i ABE GRYPERROrEA] IR GAMER!HeRAY 2édsofthifiveRy M

"bevel cl eani el ng inclusive o ther, tooling/equipment
relating to itevsl §tnoipgpl 220t ammndicationl that the wafiet/subistrate, shonkd belisergppledyist ype

| i t hography equi. n nd i nrersion-type |ithography equi pnent. A variety
of different p&ﬁ'%‘%%;éh?‘gnd/ or downstream processing steps (relative to the
processi ng stage of the wafer being inspected) can be correlated with

extract gelf eat ur e 1pdhtdeltidt RSdeMFhinddoto BRX@EPlaBdon (Bt A218), 10 dluafigd iscal |y
identify, and correct, :gsossi bl e processing deviations. Any feature

attribute gi verermedset 245 fneefimeiei wretheidhe slefsrs iptug tpassdngr faRBEAEAY | on
Conpr evsi on Drocelsil VARGERT RS R0SE e S AUACHe MMtagh] BlockiBilfin |

facilitate rapw ofahé cleflBhcan Gle peréornetl ada wirietyhef passenForliesathplsy the.

| mage conpression can be perfornmed using a va{i eté of thechni qugs

accept abl e efanFss 18% cgihbe Arograsnmed foy auiermatically depgats thafgertam defects a2 ang
in US Patent I G | 1ahi ; Je | PiL PRRIOE Q06 and
entitled " Wétfd é?pcédg%t flagg%lggﬁo%ssm a%{lsr?g‘? %lgigtééﬁeﬁge%hi% ngqu}i_%1 of %g% h of

whi ch are i nverigomat(@g., hémissingf\EBR fiee eneesult nf godemgirotess warjationsutloasm of

i mage conpression references Itiple, adjacent images of the. r..50.
e 7AYo SR SH oheEiae & eisp ARBRE: pHARET 3 Rhrobfio RBLAR e
plurality of JefBgRSa tRKRRSf Alno-fahddth pPréREE vaeaishuth @ al Bialiged Handkid ng

i mage data acquisition (e.g., inmage capturing at 202) according to sone
embodi nent s. tgd). Adteimativelzior rddisioasibe theeantrofer 158 exerafsrangst istoricaldatamge

of the top ed region 10 qui red .accor di I . i f the
present i ﬁveﬁg&/(%,o If é’.(&afge‘g ?fl %ﬁgl\?\ﬁ?\tagg é&%%]%%h&gfggﬁ%éﬁ?%&lnﬂgwﬁg&ﬁoG
7A, each of thesapldifeatuid sttridhutd(SYRIPSioL Markis, 2qFocessihx atifiatn &Y recvichized,for fi r st

i mge conprising a first pixel array 272. The pixel, array 272 is described
in nore det aickamplej |qndsdeemed [ nQBIHIIOE tIFACCSAr BTHHRN| (b & PEOBEBHCSE t he

plurality of ;pixe %ﬁg | :he A | _
general ter mﬁ&ﬁ@ ﬁ}%%l}ﬁ%g@%aﬁ% cbsvrf%zrdlag%% %fpp (15}?45:{ ﬁ’};ﬁggfng}a@gg@g ez!ggr anged
in andagI ray, Reghildsheif }ﬂh@(p:!ocas}sr\a?iaﬁi:?im&rlngn@i foi bcgta;ldﬁme(ﬁsd:sﬁmt XZé);dhead
oo characsaabii Bl b B A, 55 SRR
features, su B6ofel FSt resist edge 114; the exposed edge regi on 130,
the first regassc?fbggge 114a, the top bevel 136 the bottom edge regi on 134,
and waf er edge normal 138 causing variations in the pixel characteristic

val ues. [pFN1] Pi xel CGrmaemelyeifitbe prosesspiariotien isydefermineddo peapsgandony(inghtehess
irifounation

'226), one or more fabrication processing step modifications are determined at 228
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al t hough ot her types of information, color data, for exanple, are also
contenpl ated. For exanple, sone enbodi nents include using a filter or other
nmeans to acquire red, blue, and/or green light intensity imge data.
Additionally or alternatively, conbinations of grayscale and col or data,
such as red, blue, and/or green data is optionally acquired and anal yzed,
for exanple using a Bayer canera. Additionally, it is contenplated that a
pi xel char acferdostecting/theproaess vanriony Ther saaspbvalprocessinghepdificaticui(s)ecanf t he

pi xel in song enbodi ments. .Fromthe. abgve, it ,should be understoo hat a
vari ety of {Tgf)é‘ggb‘fe)(ttglprﬁ?ﬁ?lﬁ%tsgpf‘ g?ﬁoﬁe eéfpﬂée?ma? 8“‘#8%?%%%?‘3‘&8%‘3%0 di ng
those associ gfrgsht Wdsh AMHbRIal6h of M Fatepbemip ifiSpebhal RirexarplepsaRtatbeve of
one or nmore wafer features. 1721ln sonme enbodinents, the first dinmension X

of the pixel wafarais baingi assesatsh timmediately follawang ibgyelt eleging r(osedegnbeadn

particul ar wafer edge 102 W I I i tyd

radial |y ali GHed? PR gl @5,&1?’2? ?‘hﬁ%‘%ﬁéd&g’h@e{? BEEA Y IR 1%@é%élypi xel
array 272 ar gppilcafiort OiHIRIFDbddes bead! reffyal g6t dthetubetdd viahsing ofcthetiuar i ng

i nspection, for exanple. In one enbodinent, the pixel arr 272 _conpri ses
an array of Pepeplingrpomiheaparfrulan assemeal there @Fr%tm%en%ﬁé’ie%EﬁRb ner 200
vertical pix . I gE_ Y : i hough
ot her pi xel g‘%@%@ﬁ%?%%%ﬁ?@%%ﬁ%ﬂb or hg’g g%@sgﬁgdgﬁ%é&%%%pg%ﬂei S
optional ly 12828nenkehsy ddemsse the Handkhg dgnpmshiohasXbéopnie Giidligheds|thatacr oss

the second dinension Y (2,069, 760 pixels). [73].1mge data ressi on 204
(FIG 5) incIPH Iﬁ&‘&ﬁﬁ@éfsléif’ﬁam{lﬂ%ag"!&s)éﬁ’lﬁfze@qg‘i‘é]gj’é‘%? P?gfr?dﬁ’a‘?t?-i 21& ,fe%&iﬁ

plurality of 4o x@boAET BScaR R RESHMARIARE @8R Achtichlly BGrdlate Sl pattidiaFealreX,
resulting in a plurality of conpressed pixel arrays. In sone enbodi nents,

conpr essi on eftribute agiesselenhrasaly withespdrtienlanpro¢ess puapeiss swdifiiafien aad/paips

bei ng spaced art fromone, another at their,respective i fr

| ocati ons abd reflﬁeeu%Teél%r%dOPr"lcﬁsso‘f%’éeﬁat%ﬁds@tﬂﬂﬁé"s@b’ ttﬁ% rcggl?(_gueénﬁgg%arnene

amount of ovestRACPREVEEA dafiGo AeRHhIRG ProREe sied BEH/OF eqiprRéra likvig !ty bl e

anount of conpression, there will be sone "spaci na"t bet ween t he conpressed
P&

pi xel arr ays case®f & nratiqudartnieqess yvearigsiont andeiteratialy fetgrping gcdesirehie Pracgsssome
Thodi menty. i . e TIPSO =y T oS
Pt or mar i on’ FERaGE0 BRI QAR iBicideRed HEMLIBACASANE RAENIE)

or ot her und@siihgli¢Reritigghe prdcessmbdidicatidio)h thea) fignmeswafersofbieatedabyl dra
variations can otherw se cause diffigulties i

in, finding the first resist
edge 114a, a§ahﬁéﬁﬁlélh§r96?§ﬁé}g ‘Wélfléfrlef%glffﬂ}’é%?ﬂ[l{;‘&]thq ??n?p?ﬁ?c%ﬁ‘?‘ﬁﬁmdﬁ’é‘ﬁg},y
conpressi on g aghie\fde 9&&1% %e&é%%b%d?cﬁg%’caﬂ‘ HedoRBra&L OBy the

dimension Y remaining entire unc resse r "non-conpressed. "
Regar dl ess, compolks$5®in mboitormgamphspeatorgofatire wafdr)r st di nension X, is
acconplished via a variety of nethods. For exanple, the pixel

h terjsti | of th i xel ' .£.0pt i | | d_ag
Che f1r4601di mensi O 200 0gRPT ko lradiye P T S Sttt SR AEScelii e
enbodi ment s, sRhXend@i’ &piphdeht] $he 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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conpressed by averaging the brightness values of the pixel array 272 across
the first dinmension X to generate a single columm of pixel brightness
values in the second dinmension Y. In somewhat different terns, the
plurality of acquired i mges are optionally conpressed by averagi ng pi xel
rows, across the first dinension X, resulting in a nultitude of inmages that
are full depth:in the second dinension Y, but, only one. pixel wide in the

first di mensMsferxas pellias Bifuse wane dnpomae senbofdpenis il thus be magre dikelyi ot j ¢

val ues of th ! ptionally conpressed to nore than a

si ngl e col unﬁx@#ﬁ%@(ﬁc&@éﬁ%ﬁ@{@e@é as desired. [75] UWilizing
conpression, pixel characteristic variations that are not of interest (such
as randéf]i mage vdheabigensraied pradess mpdificetion(sygandmr effectiaial ini ot ordinneensi on

X can be redyced to_highlight variations fromdesi.red feajures, such as
nmore regul ar '}l‘fs T &8 SOTHG € thé??&tsaﬂ@riﬁo?%équféﬁatlﬂ?(g%?@i‘%ﬁv%?af‘hﬁéfseri mage
conpressi on gl eNQishGed bh St scicAERASHON instaBiorRE etd S EHith Grd BScr IR AQLBengand/ or

undesirabl e edge suppression, for exanple. In nore conceptual terns, In
sone enbodi meespensibitityyefovaredewings and abesingt thenssugbestedd oomotecemmendedal ong

the first dinension re.substantial ly reduced to bri ou 0 EW se
hi ghl i ght mfréqﬁi?c@gp%?;g%o tbﬁdfnp&r%?eélt%' I)f%sogheéx%qﬁog I%Fq’t%u_ er éﬁﬁl‘?ﬂ f%;geésoout
the wafer topr@aafameedb abtodfdbicall éffutlke ftealdrRSneaxbbrchtiog hediataRin(s).

di rections/ having ot her shapes can al so be highlighted as desired, Thus,

bri ght ness v&er sxpmnle, thercoatalgs E58 ican thee elsrixenicalyr ggnneeted (e -+ dirgeibh
features as th f.er. . 0 I ) e fi resi (FI G
2), the top 881\%@%113(% lgg?%ﬂ%'é)%ng é;ﬂ%cé IVilzdc%rcl&g'gnolgn%ﬁ{eétogik}ﬁgygé&gﬁé%%%o{
shown) , or t RkepaeatpapatoBaomat &0otherisé opblating 3p, conanl hegatignlam fabrication
pronounced, or retain their relative sfrength(s). In tur g},’q nor e g}gnijsogm

d

bri ght ness v&F&ETH Stepgraumeetr e Vith, 4his geyskst COOYBIHAR: FORQL
circunt erent 'oﬁ%llayesquﬂfongaﬁgs%%%ué% P%%Hgﬁ i se&%a??te RbhESINS t6 AefonnfieNmy or

test patterns (not shown e wafe are tered or becone |ess
pronounced. Thpkreah thzedgiantinaiuprarctsy aatlificttmge clmisyhier systeaf €50 pettarehi ng

Crosses or other.gvi se inaqrfer%e%sgith %E R line or other wafer feature to
be | ocated. PFofdes? darsariaonsabronave fehicetiB LRSI e nage conpression is
optionally perfornmed additionally or alternatively in another direction,

not tangegitial to HiesWattBér RHABEs tAllZhe iaBscBEhiEt 210 dahdinbicaft thanwhile thd | ter

out a variety of other inmage artifacts or variations as descri bed.

Fur t her mor e, véifen is ot idpfgelives dhpperasied fepnrangiirpugals)aze indipative ] pessiblerages

acqui red of g g a t i . Jor
ol o 1 Qs aSRR AR Hike HiCu IS, BOILARRIIRAGHLE P ckaind O
streets, m ssiang iflf@matiod et cafi iralhsieaevibwiligathalstectad gesbssatatigtianat230p in a
conpressed i mage, such features, often will post ave _ a recogni zabl e

i kel h
si gnature. WP [COTReeE8R Vel Hat (R fageteampation 9%?":1?%&8‘%/ th&p‘ﬁé%‘tcétﬁgé’_,m‘ieﬁs i's
cont enpl at ed ﬁéﬁo& fgeayraﬁa(&+ vtaﬁgﬁjc%r% ﬂt B 8RNk Nwith STRIERDA 00! PRISediRy as

predet er m ne ocations relate r actual |ocations on the wafer 50.
Accordi ngly, préweslsidgeattedes Omy fmnin,ean\eedesuli bheahesautaitiong| hgmonal

manual ly. In _sone epbodi nents, autonptic rempval of .these signatures may
vl ve. f he GERTSRTY REEESRIETHRIF CBnDS FUBTFY [RLCH e R el S BT | 1 y
and remove SughuRintRhIW B9 thé\@ﬁ%helamyf) Q6 bBHroABreGhatNBYRLedtBY fabl¥AbY e, 1N
sonme enbodi ments, selecti ngwa regul ar feature to be renoved from anal ysi s,

such as by defafeisngrea lessgiltshofto sufere stompeasnts urield utesses hand/eg eaediaaf er
feature and iRstructi the controller 158 .0l r.e | t hat
regi on, and r(g%’{ﬁlﬁwam?%ﬁ %e?%ggraaﬁg%r%rca?gb G ?r(ggsé[&g%?fplr% gés}]?eglgedgﬁ%? 51;"5%@"? oW ng

i mage conpr esgiddntiasllyl edjusted or implemented to better optimize the current wafer, as well

as possibly future wafers.
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[ 77] Al though conpressed images are optionally analyzed to | ocate or

ot herwi se characterize various wafer features, in sone enbodi nents, the
waf er edge 102, the top edge bevel 136, and/or the first resist edge 1l4a
are located using a best-circle-fit to the plurality of spaced-out,
conpressed pixel arrays. A location of the wafer center 104 and/or the
resist center 112 can then be determ ned. In other words, one or nore wafer
feat ur ef6%re opti bnanery eevewl nierey thebmiley SydeRt Andnmethgds g3f the present
"non-concat e " data.acc i tQpi . LT STaL 0 Welch
tovever . as. degrupcRbRuRe it B 'RAGHH JBoRERY AohBl OrBRRBT. o
i's used in sepreeesidpodéviaivng ard) ravogeized and quivkdy adiredsed.y Famtheqrcomproaentaf er
features, as well as features_associated with the bpottom edge. regian 134 as
desired. [78}ieldrgy®, adgeadie oprid: earabs g’ﬁm@gﬁal %prﬁ?éedgé’Pf%F 8’,31 Fq%!ﬂ‘mteo or

followng i ”Bgﬁs.cﬁﬂﬂfs???aix&’,rihe ERIEYEind HORGR Sa l;ﬁ@eﬂ%fdistcfb%u&%%_@ts@ﬁﬂ pi xel
arrays can be nore e ci'ent 1 n sone enbodi nents, as |less data is operated
upon in or denot onlyepdissifail tdefect aleteatiemabutoalsg mipohi cresumsfanpésx deemédito dwch

i mage being copcatenated in c ris to thousands of. pi xel s or

exanpl o) 7oy B & ogeh RERaPR - dar SehBfmprunrrReliAfYoRt I e

conpressed pipX@haPfil@YehedfotWah B8 Wéwdd s bR 8POSiBIEHRRANE desRboR| 0. FI GS.
2-4) concatenated into a conposite representati on 300 having an associ ated

first axis MsetindBR liwssan baxievad anbeing arphssible, gpmectiblméevaziivmd(erntos!ls For

f ., th "stifching” apd. ting” .
|t or changeaBry U SRRy Sftn e stfShy SRETADARAbotisBb et B siawsd i g

i mage data agemglihdidgivel dfgissible] bRGRBRE devidtioan (£.g0g6ort aihedgs); dashkan, as
appropriate. As described in greater detail below, the conposite i mage 300
i s anal yzed toultobgtwsismsgndanetheds ofhhe peesent disclasee &ciligtecontimnal copdk ur es,

such as the fj S . f t . 136,
t he waf er cer(l)l'éléelfEtl E@ﬁﬁ%rﬁ%lg%ﬁ%?n 1’% ﬁ%ssrurl ?oso\t(@c%%rt%rqglﬁ%%fmeég 8%§”1?F&8{r?@§éﬁ{)/f ot her
waf er featur @BR hift iuthpagion; twlssiekmses sjiy coatet, adie pblisher,destcaridodry Heselei n.
[80] In general ternms, each of the plurality of conpressed pixel arrays are
aligned to ofthgioPPiER! Fishers.seigu &t B%\ICOWE‘H{? r g2 gglté’ié HRfgY W%fﬁg]y
angul ar posi t.jQRinef ol Abrtfolle@NwitACRE 8fn atheW)i SBadiliey are
t aken about {cLe mgf%‘%ep%b? i%%rrie%?g%rﬁtat{éo%%ﬁ?q%g’rfor med usi _ngea concat enati on
al gorithm sbeingascluuvcef BBR: Forther, tpolingleqeipineotvwelatiog thssist epplisrtdemenny

skill in the art. Th oncat enati on al gor.i thm.or other ,concatenati

program m)dul"jlgoi'%e 8?)‘%{(1?18 %ﬁ\aﬁlg g’iyffl}'g‘??%?%?phgo%ﬂg%c@gi Ky 5@?%?%3 in
order to hel miﬂﬁ@éﬁhg thapmbRe | ARGESet} 6f RIABRK Yupatréa81 &thd/oFhdswnitieagON®
enbodi nents where the plurality of conpressed PI xel arrays have been

conpressed | mrasessieg stepsdraddtiviertn thsf prpesssing stagp el teyrder edng insrgsteddoan be
conpri ses each_of . t.he.col f-.pi xel i.gn as_desi iF ugnti al
manner accor dPng aEeg ' ae%{gpﬁ%ér) f|5305| iagtﬁl%{é#egt %gil’rforreggéelﬁc@ |g’v ‘?@mé@gf {r%grre
acqui sition loeaidtionsy adwtfy,tdd swfeet, msible processing deviations. Any feature

attribute giving rise to information indicative of a possible fabrication processing

modification can be considered and acted upon.

[70] 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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[81] As referenced above, the conposite inmage 300 is "filtered" via the

pi xel array conpression previously described such that wafer features which
extend in a substantially circunferential manner about the wafer 50 are
nore readily identified via edge detection and regi on grow ng techni ques,
for exanple, as described in greater detail below In sone enbodi ments, the
first and second axes M N generally correspond to the first and second

di mensi ons XSeptempers gac e iapd ettitled cfWafer tiideec Biwpection candyiMarolegy aths. The
f1pens ol S . =y . s
degrees o - BoHESSELERLEBTE BtodBld gatibyAB e BT Ppb A s

N i s descri bede formuwflitnageéomipraésivicieferenices onitipde, adjatan inxgespifehe Wa2E SOV t h
reference between FIGS. 2 and 8 where the wafer 3% i.s well -cggte_ed during
i magi ng of t &Gt bh iy gecraliged schematicrigpregsaaionof adigf imeee E thegdwitity o

ot her imagin (= e} . I A4 the
conposite Hﬁ%g&g}ot éélsé}za gﬁ%?ﬁaﬁ?}{ ?(I;u y stgoglg% tpﬁuﬁgg%gg\(/%%%ﬁ%}%&

al i gnnent er (og.s imagaicaptiing ek 20P) ecconthiep etot svmearambodib®niss &bf sdditibpalsone
extent on the stage S ly 162, the_.wafer e 02 will take a mar

ol nusoi dal - SFEBENTH Fifie 15 gh s PETHIAGE St i ot degERaPaRPIII Fi G
8. In other we§ing id\R1AEd SRbodHneDo TE 1RITROLhTRNERi NPT B FSE SHYwWihEtHey 1N
the imagi ng of the wafer edge 102, which results in the wafer edge 102

taking a nor 8oishri@§oiReaimisie FIGuAt eachins thepluralinaof inmrgeagpmprissgepizel

ding to_the cirgularity of the .wafer edge 102..f83] | i m
manner . he FPee PR ine sl aire RS T A7k che hf gl
somewhat i rr@edsriBed i @dbre IRRAT toSiliaPRate \BHRE 1etshﬁatfarw§pﬁa&ﬂ@to eageoflia is

edg

at a substantially regular distance fromthe wafer e 102, for exanple
wher e t he wabbralgyef pixehgrays associatedreith Sie pbapligrof imagesy dn gepggpldarnpethe t he

first resist | . C e . j

subst ant 1 &l | §00Y A T aperibes A iphaltty $EbBeICRRel  of Moy P 00
vari es in di atrap@@2 heviag iafesit dimichdondf end #deend @dnedsiver ¥haizeh ixd lof thwaf er
edge 102 and the resi edge 1143 becq nore, di sparate, for exanpl e where
the |ayer of p}@iiagﬁy 738 s %%?SE%?FFgrPé’EF dﬁa{aﬁ@%‘? gfg 8o st BRRBIESS he
vl er center vifig iy SN GEfstokichbh i\ KRS Aot GBI Plual b expi'igo VI SO

is centered on the stage assenb In the absence of other "I magi ng
eccentriciti @30, thorfiretxasipl edge lddahthetep havadrl3édhe batddmpdde trégori i1B44 andesi st

edge 1140 W Ll 2xhend L0, 52ubs ANt Akl | ISat o TRAel M Phlht e composite

[71] 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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t he di stance between the first resist edge 114a and the wafer edge 102 is
substantially constant about the entire circunference of the wafer 50, but
where the wafer 50 is not centered during imaging, for exanple, the wafer
edge 102 and the first resist edge 114a will have nore sinusoi dal shapes,
each of the sinusoids tracking well with one another. However, as
variability between the first resist ed%e 114a and wafer edge 102

i ncreas€Bl t he si Husemgasmediperisother fest\timepsienige ofotheapigck paay Hdgeisof t he
first resist 114 i) I r ihsparat g [ 84]
Wth refer encs:‘go%?% tl% ﬁ;ﬁ%ﬁ%@?ﬁgg‘gé@ ss?h gﬁ rr‘ggi %a\%@@mi\?%ﬁ%«iﬁgi?ﬁi ﬁy@o&rrlg

enbodi ment s, dirthehsibanPosdine subvageal @adiblly hkgriedptoetig ewafey 50Nalikiigh fakier
exanple, is naormalized to the wafer edg}g 102. F] G. 9B shows_ an exanpl e of
the conposi t STIFHEAHNSH ihe Pigel 2300 20 Alea cartemplafsdy Of Bay sepltaisdaimadst s and

nonual i zed s t t r dﬁg{gnq’ i b alsd i not e,
FIG 9A shomgﬁgﬁe&@hgs?%égg?%tfozdge fﬁalﬁi%ﬁﬁ% ttgg,éﬂt{/%}llﬁs ﬁ%%vb%?nzgzts of
the first andompesesancndyroddiE0 ledigestall fitels attbdd therferstvdisienkion X0 bFIL009B.
Regardl ess, the wafer. edge 102 is qgpt.ionally, | b plying, o or
Tore edge. detBUEl: Bixpls HeHEs 6% sedmd apmeanon % ShGAL 6 AR L ptieidn e
applying a bgfxtei Girhysl fe fzbﬁtembﬁtéat. hedr &ARPH MBIl abBf 292 iebpidaty 1a20 S

| ocated in the conposite inage 300 in a Simlar nmanner to t%e first resist
edge 114a, agixglssasrossdhe first drmernsem Hdiyal.07Hpixsls. acresg dhelbevond dithenstanifosi t e
i mage 300 is Q{;S%Z&fll normal i zed based on the found wafer edge 102, such
that the com()% ’ %ég)'is shifted with the found wafer edge 102 being a
straight line, although the conposite i mage 300 can be nornalized such that
t he waf ¢gr3jedge 10Emhgk @sta con@iréseions e €BIGASS)dsiuded comBreksiiy tthe aeqéfednce t o
FIG 10, conposite representati onigt(;ner ation and/or analysis can_further

i ncl ude EdgeiWagpiern Degivelan: the pluralty ef kel segne ate gach capiprssesbn the

Segnent Curve: Fitting 3 : Edg WE&{ ¥ Hng; ge nt
CGener ati on 3§HE%rfﬁ£oF1ug(ésl%glg|to ﬁﬁgqoﬁlgﬁgr mrggg‘%ggege?lgg?%?gggo thﬁgsgﬁE
conposi t e i magbodiitdnts| corsprersi@nbbitie pird srrays BSalislin dageonsteed pixehadays Canny
edge detector algorithmare applied to the conposite i e 300.to generate
edge gr adi enPeELRICHPEL GORUPHEIT b I BT REATRgC LR oA GO Yle

i mage 300. WRDRLfeASE! 1R WRler R BMbss thERSOM Bfren@SaiSilt ofSvalpHetednt €T i a,
are set as desired either automatically or manually in order génerate edge
segnent dat ather aaguired Wnsges gmd{or onrelasivelyplos emgmtgﬁémrsssm tegpovitlibeg to a
feature to be | ocated or thertgi se chear t.erli zed far opthemetggi% ra 'Lveent
data. For exaMPrePd5d&ed 6" A ?gmpﬁgs%f REPT TRAP ST U o R 4R E
threshol d conghgd FranleC Wthtias! 1A S dotldanens) imHRgConpRTeH Sasaiks ngr own”
by addi ng pixels to a segnent grouping if they neet the selected edge
segnent t hr e&¥Bodng gidiedpeing . infage] informegiape 1elibisgi oo eker pajtpaninggfagom
Filtering 320Q_i ' e C{olpas [ i - .QR '!

anal yzed to g’(%{fl%ir:ollr#glg% E!ro ?’Iog%g]?&an e%gagieg%%%%#%?@ﬁ gg‘%ﬂée m%?rcati ve
of a resist edgerasivahvasatione chh rslierwesi iseedidculfidain findihgrthe dirsteresing

al | ows bad edge s%%nents to Ee di scgrded or prefiltered before or during
curve fittin§d89 H43ed Wellias ofherawafer fealfgsoned to adj ust upper and | ower edge
gradi ent thresholds, edge strength threshold (e.g., average edge segnent
edge grgient), angdkehe SRGBBMent, Z8mbRIEGSN dehiévearin Rr8MhRnFoA 0 aH4E) edge
segnent | ength) to disregard or highlight particular edge segnents in order
to facilitatevithafthe feeertdurdimention i Yi cemsiomg putitely dlugeproprassedpl et edon-hat

t he edge inspection . system. 150 autonmatically adjusts Qr selects.such.
critora i n COREHo PREREER CRPRe ohegth &b g oS BB EPT R b5 o 10
a particul ar agdoashlisBEDEa Sl vaeiRE1 6F mBREANT FéH dxaniplp, BicAstk@nbhat@teriStic Pdlues
according to other criteria, prior to, Edge Segnent Curve Fitting 330,

al t hough suckffthe pétel meratmreapéendlyi avsraged raceasdithe dusll dinepsionrtodgdti @y or

after Edge S%%FEE& p% Véafdcldisl9 w8 m some embodiments, pixel array 272 is
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[ 87] Edge Segnent Curve Fitting 330 includes identifying edge segnents of a
plurality of generated edge segnents that correspond to a sel ected wafer
feature. In some enbodi nents, Edge Segnment Curve Fitting 330 includes
selecting a first edge segnent generated fromthe edge gradient and fitting
a sinusoidal curve to the first edge segnment. In particular, wafer features
ext endi ng about the wafer 50, such as the first resist edge 114a, silicon
or insul at or cérapresseé byeserpgiog thhbmghtness velubeokths pixdb array 872 adressibit dirstedge

102, and oth ted .wel | i i dal. Li This.is_ at .l east
barti oty n feSoRok e e wrPesiconmg REPRGl RLuRR ot dhaph Sefhd ch°
waf er feat ugRsensiol Parti sodheWhat diff§refite@tthd, the plieieyséOduired Rmagdsesrence to

the general |y understood rel ationship between circles and sinusol ds _and
that an eccepptiangly | spumsessed diye aveEsEng | pigelwiaws, germss dhe b démensien X

sinusoid in the.con S¢.110 i that the
iret resi ot FanyBe TG GolRE fultd mt e EpAita e BRI MR GLY B8 | 12
waf er 50 andohlj@mneayedl vifle iretesirstldithension X. sItiis aRo sbnapladed thabdpepikel t he

conposite representation 300. As such, sinusoidal_ curve fitting, for

exanpl e usi ngharesgisticyaliesef tsmixal AHAY 342 PEApioRbscomRIessEd e BT hanpr 4
first curve t: : ﬂggs}i r, other types of curves or
line fitti ngglggngg}‘%g{%%égﬁgﬂe%te %oarslé(%\{r?%//(g fitting the edge segnents. For
reference, it should be understood where the wafer feature to be |ocated
usi ng s{#lsoi dal Chitiviagfdontpresgions pisebshasartéristit wagatians ghat, arg net pligwderdsthavi ng

ocat ed. | 85| Tih SomscemmceRaAREion & YHenRpEritpitha ife B &SRS ar e
identified apgh 5&gsmRbEd & ﬁfgﬂngﬁ R8BI Bom BHirad fkurdd) Bhel ad bRk weglarf r om

the first sinusoidal curve fit is calculated to see if subsequent segnents
are a good f faatwps that ¢xterfdi aleng the firg imensiamdr dhus, smBgeepapressieypent thes a

good fit, that segnent J.S ou . ke, W th
20Tt or ougres Ak Saf G Bl BCHE Rpist aRFBE GRRLGHu, et Mpptesn, 1 [
to the new fifdrSdxafip Pin0hoRAPBcEREHTRENS, i1l Sorsdsmbeadihedis/mige, variatisnspsrocess
continues iteratively until a potential feature,, such as_the fgyr]is?tg resi st

edge 114a, | §b<z,rraéipa%¥f@1£ Ao mgt exyend aleng theglimsy dispansiop gt agssybsiential 45 ed by
a desired nu . Qf %{;ﬁ%t s b | tenid.al er
feature, suc ﬁpg{srm% Bgt?gﬁtcl?[g R%f%hlrlllgfl piqgaf i sfdg‘gg$ 3%% ?}&gd(geiég gg?r)éee%ds

cor r espondi ngirtwmfzrdntinlly dbog the evafmltyp iedgntegianetDla eltbeghsieatmrasotxédndpmr cent

of the conposite inage, 30Q0. For exanple, a |l.ower bqun ould be.s t hat

t he edge seg%ﬁﬁ’é’réérgﬁtq YOG T 5 ?St?a@u?lﬁqm%?ihﬂgﬁ‘@gw Hudgsed, ively
extend acr PS%ﬁgﬁ?{%ss&a%aﬁ&{s HRVRE G0 inl @R Y1l afBP 20D RO HRhifBBRARSs ades, (N
sonme enbodi nents,

an Iterative curve fitting process for a particular group
of edge segrmmafe edgt 102 GAG. Bhche firstiresisiedge blgr GG n e tondere B4JEIG.

" eor esent at 1 oh se0cot Be i bRty ThERIBoR 08 GIELOERIERT °

di sregarded {FEmM33, Rardecomb aqﬁoregwmuﬁbédt, ongetsipends redativel siengtkes)pile has, bei ng
too far froma curve being fit during an iteratjve process (as_deternined
by anot her ugare iTaRdem diighinesre vVaiaHansd of Healdngs|that] ¢ aiot spbstaniiallmexdsnd 5 new

curve fitting.iterati. [ b kd i ature
e to such aviRsEint Bl S8l Bt 20, chith b 80 pR AP LAY e e Hleri ™
feature |ine(gandoda) es tiapivhfRnaD] yrerfiisutd or betoarniesseprbnolimedt Thid tem eaf er
features are resist edges or EBR lines that are chosen frompotential EBR
li ne candi daPadicglaglyr aivapagepus nehere (wafar PRESTRIDR, CTEERTE 0%t Gt %V“E%Fgglt%rf‘?r%sngt h,

or other f aCAfSan EBR line or other wafer feature to be located.

[76] 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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[ 90] Edge Segnent Recycling 340 includes reeval uati ng edge segnents after
an initial curve fitting process has been conpleted. For exanple, in sone
enbodi ments, edge segnents which may or may not have previously been
incorporated into one of the generated potential wafer feature |lines or

ot her edge segnent grouping are reprocessed in an effort to further
strengthen potential wafer feature identification edge segnent candi dates.
In some enbodfeint erden ém highlightd andfor dider o2 nighopl Piher dmage getifelgrsnt s

are reviewed_and. i ncaorpor ated | ne. of. hmr
accordi ng to’ %@8& g8 n@escé%bre\%}é ;Fn f’#ﬁ?rﬁ.ﬁ)?%tnéin;% grnggg%ﬁggsg%gﬁ rpg{en\%%?%aﬁeng
edge segnent gpgieabledb righages BRYuerell WThY ivider thvroal ¢8gems/or dogbih edge

requirenents in viewof a relatively hi g,her eg};ee of proximty to a
particul ar cirgien 134 forrezpmplea i iseme porbpdippants, whersiegelar fegturgson the wafst sone
enbodi nment s e.ab -] i Lt i i lLtiple,
crossing fil ﬁp’eﬁlge%%ﬁsggﬁ%ﬁﬁﬁ%a? @%&!%aﬁg? t@fl %ﬁgi ﬁgd‘{sgagl p%ggv?g? rﬂéliasti nct
resi st | ayer sompresgedr trhapel atuch Fe@uresl oftbn usillr atost ety hanb oadimerpnizableer e

the resi st edge 114a _has. been found accordi png to.groupi ngs .of edge gnent s
A B G and SREHiEs Dlcdhrse SEPATIRIRALN Y b RHRRGE EHEBt g courmally
segnents D, (:t t; i qQH ! FedRe MRS $cafshst hat

t he sinusoida at%?wl?it%rﬁ E({;% ec r%?q{g&‘ﬁ%%%sgdeﬁr%agge tlﬁgt eeach of%ct heS

gr oupi ngs of realgé ts dgireartisl caBons®mthe wifer §0.chgwiondisglyf thestysigeaigmeemay D, E,
F are associated with each other. to identify the resis dges 114a,  114b.
In particul ag? r@’ﬁi‘@@‘i‘i;ee@tﬁﬁrr\?‘étoﬁfauﬁf‘l?yco’f 5?%“51){% gnfY"%s ieﬁ%gglin%egl%s,ﬁu{orgaémdo
edge segnent serbhvalof fhesdiShfa®s nfyBlol¢e MY k8 lof @G DfecbHftiesl gRoSABMER S A,
B, C D E F exhibit alesser degree of sinusoidal fit for evaluating the
resi st edges techuiguesitoddentifip 20d remgvie|sugiesignpiaes MNatrat s/ on gwompgipsmMesalcr i bed
exanpl es of i i I t J I

aceor dance wih Fa BHaaRe e sl FRABRh ARG RO b |
be enpl oyed. aflysigxaoplae byadefimingab lrégibirag énteespihas sireoungs tlee spubiarwdfer
utilized. As a point of reference, conpression speeds the

i nspect i on/ akeAtyrgiaad ipsgueiang thgeenigalier 168 io agngrgingagesizta em\ihtdegioBpang de
conpressi on | e Wa el : % iV dioysn Rk €S
conpr essi on gﬁ%ﬁﬁggbgnat tiq?nﬁzgg%\?vi ?)L 1?% peg?ﬂé}gss?ﬂlgegg{mungéof pgtter Y
present. Edgeompressibn EBRsiredhe netrol ogy requires | ess conpressi on because
there is no repetitive patterning on the edge, and nore or |ess regular

feature f the EBR.line(s) can.,be "picked,. out' of.the random features on
t he edgiTﬁor mal . Rthlo _é‘?‘%‘?ﬁffs filmﬁ‘ggsc?fﬁp(ﬁpgggaﬁlg'nar}a}?'z?ﬁéo i%f& 3 ?fo‘?et "$rages
can be based cRita@eta) *dHoud SvaPér RARERSH §ins BEBSUIfren; thetWdferadeuto2, and
resol ution. The higher an image is conpressed, the faster the processing

speed. But, & ¢dagibevelddapandéithmErst rasist deebld 4ppreclogated neing e beg-diiskofive or

"fit" an estimted EBR |i.n he ¢ red.j ). | tj A zation
can be achi e\tlégghebgl %ﬁﬁgﬁgﬁéegéote% %m?’%%%le?ﬁ%%g%g%&%r rﬁ @g"%gfsi?“ frglg u‘*’é{%lzor
based on knowk@egE00ind/drehERRIsE baitact ¥y ¢astthesbe détesninedeln obbr werlls, one
inspection criteria can _be defined as a conpression level that is within

pr edet er ni ne@? IMae @iy patyres s&y piepllyylelermaned. oM gpreapraienaed” @t PAtzat i on
can be aCPO'T%ﬁ&%%Qte b ath E&c@:}diﬁ t& a}}nagpgfaﬂ%c chsuﬁz'ﬁcgh f5af¥n.CORWERE, - ased
line fitting rn which an objective scofing baseS (sunmm ng, averaging, or

ot her anal ysidssonibegibrleiw, |anelysis arf wintitenaet; epmpasitdanagsedhts ¢s dstdemnsomnes
whether a fit is."good."” If the fit.js.pot good, a |ower. conpressiaon rate
can be enpl o%’c!?,od’é‘%&%t H’e(’f‘{% JPﬁBFﬂte/é‘_i?BPg’ BB%@EéBOIFoWa%%ngEﬁP%B’i A3 P Ben
further, the g8t hy6ciRRd WithARS bR & Rgiod 139s @esRgessed i mage (or ot her
representation) can be reviewed to determ ne whether they are too far
apart. |f adjacent pixels in the conpressed inmage are far apart from one
anot her [78]hi s condinagodata sonaatiingtien van alkmbe peréorERB, phiprelofos foleveinEg AmagRest i on

I's highly Varc'ol%%lre%sigg.' gldvvever, concatenation of the compressed pixel arrays can be more
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j agged) and/or that nore than one EBR |line feature, wth one of the EBR

| ines having a fainter signature. [93] Tn sone enbodi nents of i nage
conpression, the |level of conpression is selected so as to maxim ze the
resolution of the resulting inmages. In one enbodi nent, where the feature or
object of interest, e.g. an EBR line, includes relatively high frequency
variation, very hi gh | evel s of conpression will be | ess desirable or
necessary res@icignt nsomie erpodimgnfss ssdgwseiatayis\waetated; upquyip prdepdo perderm thei s
optim zation r
obj ect of i nt grg 8%1@@0“”&%11&%%g)f%k)?eqseforreetg?{mﬂlzl%t%is%eﬁg%ﬁ% f%n&t'@& qucl);elglélﬂ rogedge

t op, bevel tapthoﬁagasdmﬂmk,,fom;tah@mmbevel and edge bottom i mages and/ or
i nspection processes. Accordingly, where a high frequency variation in an

the acqlied i mgBL iy ETETIRG SEHERAE: RTaBngr o Eairted RPRyge Fop
acquired i mg@m@%@eﬁg& @gr@dg%tf ﬁﬁnylb@"{’séer%qfl% fegf %ﬁca@hrna&@l BEd al S

bei ng anal yz I's may nean that the "af orenmenti oned edge
nor mal i magesompgsitoacosHptation 800ihavingemssticiaet fishaxis MaBd disseandcaxipNxel

colums instead of one s i | e pixel. col ums. e ng of

mul tiple conPtASOLIfnGF >?Vé* g%{l%%{@ofl@ﬁ“ﬁ(? Ve {%erexé dé? ﬁg?Wp%ﬂd| phery
of the wafer f‘c&fé&teﬂﬁﬁgbeaﬁsﬁmlﬂté@ %mylr&r@ﬁl aed eg@nélﬁny W€ fUchhas a
notch or the |ike Exanpl es and arative Exanple Testing was
per f or med t oaligring 9vqrhapmgh@ag§/§@te@§ V@Hdis elighiBg Bree ¢ada f m gseadtzede-sdEdsur e
can provide ¢ fase

fabrication 6r8§i(?§’sg%¥d) rgélnaggl %ggdaers |b%§ﬁ§rgfr %aﬂ‘% %@ @%%‘gétshg %%gg‘?% gc)%l ar,

i n-process seaol aoadletdio lmﬁtero‘i oW&ﬂrmsb rRE@pecttett @fﬁbrrmmetmfeﬁfelaﬁirm such
conventional techniques as well usi ng an_aut omat ed waf er. i nspection

syst em i ncor B@F@tﬁfﬁfgfeﬁié‘c@@dé‘%rfbe é’é&i E% b%tth‘bWPa}%eVE]e% thserateh geerat
several 1NsPenh i m;eﬁl% e e%@&eu CH). OF ey SHRAPABN ReabiiEs HRTRng2dae,

acquires a se es and uses a r|t etect a e range
process-rel abﬂﬂrs)ﬂpmssihamma]hdmy deudnbaﬂhmreﬁge def ects.

[80] In general terms, each of the plurality of compressed pixel arrays are aligned
to one another in a sequential manner (e.g., according to an angular position of the
image frame acquisition location at which they are taken about the wafer 50).
Concatenation is performed using a concatenation 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.

[81] 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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9] n addition to perform ng edge top and edge bevel inspection, the

aut onat ed edge i nspection systemis able to performautomatic

hi gh-resol uti on Edge Bead Renoval (EBR) netrol ogy on both unpatterned and
patterned wafers by using an algorithmon bright field i mages acquired by
the edge top canera. As descri bed above, during edge top inspection, the

edge top sen ects 3 f adj ace d/ o er| appin

system st tcﬁ‘%&@ﬁ@b 8%‘3 i”%’tg: ag%tg%ﬂ ?%3 easretnﬁcg rgacﬁfﬂp'da?ﬁs‘% 'EBR
fngerprint” Oﬁpedg'ér&%?éétlbﬁ 4HaRre ?{dﬁgg‘rowmgttechhﬁaed deAlkAApleOfas tdrscriliah edge
and EBR edge are cal cul ated, a with their rélationship to the wafer

center. Thi sgeeiepdeisid pelawi riprswegnﬂohélmeeeoth@tﬁrsirﬁndfsecfoeétaaﬁe% Nogererdlyi n t he

expected | ocations B mnim ze poi Rt of
Caioet na) nofoeapsndly FRERE 3hd SR nER AR, X6 - R ko B B oo
up to the edgempressclivélaetys. OThe diré axEBR fs&wswib%ﬂ iadgalar agity,enth eab | i nes
in the "EBR Fingerprint" map while oblong or off-centered EBR features

appear as si AegFBisd@l 344 ﬁeeeeq%]lwh@gawdﬁaﬂ@@ degERes; f%p‘é‘@-fqpéﬁa vyile the,
provided a ”9&%&%5#1‘3%@%%&%&%&1%@9{ r%mt ek n@e manual

measur enents taken on conventi onal profi pection, the
aut omat ed edge i nspection system cal cul at ed the EBR wi dt h around the
peri met §82]of the WitlerefersnaecheingednoF I8 2paidrR, svhdrétﬁlesxt/aﬁadéﬁdls dellicattiersd,

whi ch gi ves sone jndication of EBR l.in oughnes dt andY enter
gt ar S of il Baih efesnepieh 100 RO CTaE. BB 1 dbs BsRE o

metrol ogy dapg, d@ﬂhﬁ@ﬂ‘st ekt QRAfE e‘(fg‘é a2 Qltbuﬁﬂ)'ﬁbt@?re\t‘»@f'c@d $n tH@'cGﬁ béi'fé' uded
wafers coated on two different coat tracks, usin hree different reS|sts

bot h chem calmmFS%)mji &)ﬁ)thstﬁatlalmal@tﬁquod{mveﬁmm dhmn@ﬁ eprofs egpuand 1.5

mm The out et _and nce waf er

osur ed b o1 BAmBl Shol e hALE'SONS B soine pisBI TN HEc g R Th et e
edge i nspect tervaySEdpe 100 mﬂmemﬁnﬁ%ma%w,mmdwmmmé &hagd Weas and
measur enent repeat ablll}’ﬁj%ﬂ é During this testi n& t he sane grofl | er was
used to col | B€icaigd) geng innBK=u$-enanether waksise ther ofised dssoprs embpdignents

historical | ym%@ésbéctz&gn&ﬂﬁmrtﬁé Emyg%é 8f n@%afer edge 102, which results in the wafer
edge 102 taking a more sinusoidal shape due to the fact that the wafer edge 102

according to the circularity of the wafer edge 102.

[83] In 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 disparate, 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), beth 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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in EBR were selected for testing. Wafer pairs were prepared having

identical resist coatings and identical EBR techniques (either chem cal EBR

or optical EBR). Automated El 3R neasurenents were taken once per day on all

14 wafers on the automated edge i nspection systemover a period of five

days, collecting 360 data points around the perineter of the wafer. EBR

measurenents were al so neasured tw ce for each_ wafer 12115| n t he, co nti onal
tedee A2 HEHD stantil

profiler, cofheslistimeg batwpsn shesinstiesist edzg 1ddyrmdsile Fpier Iy [99]
A conpari son t Mely
Systom and et o AR ARGl T bl o B W oot o,
evi denci ng t heit cmtmachdumt@heagmgigm ierapples thenws&sbégn @@hendittwflmlrasaﬂl e

results. The exanpl es.and co aratlv exanpl es il lustr ed
ot aurt om: e6ee T il BRvs Sord ghoidal aiaee Brd o bt Rapshidiing Rl b
system af f Opfls affiRerabitbiEver! & Mbﬂﬁy bemeﬁ% ek b JABR 1049 GRS Wald each

coat track nmore than tw ce per week | e conventional profiler could be
used sinply edgeal Bavknepses,dbé smiml@l\ﬁhflples af thewafor edgerldd ved theshdpe ohtiest ent

nonitoring o ces excur si.ons can be di scovered before
any product ‘?SésltES&eeplf@Pt“ﬁ eﬁquag%cg@ewg aPEH“QE% PH%Fepeat abil ity and
wi t hi n-waf er sigma val ues of the automated edge inspection system and
profil ejg4reasur emgyitis refeRnéd ghlie onrali8] echehtiic expeT dMBIG.abAgal &ofner t her
reveal ed that a correlation can be establ|shed between standard devi ati on
and |ine quapmbwlqeaﬁgﬁwﬁéwos%@@@rﬁ@é)sﬁth%éPPc@ﬁFrrP&lPFQO @ramhlé s
aut omat ed edﬁﬁnﬁdﬁi&?% wark teﬁ %oEB'%IEJ”%e F{ gé&gx frovi de
a nore conprehensive data se at can 'bé use to control the rocess.

I n addition teprﬁsahtaumeD@gcqmdelBEomngtm gono ek bo dieneatst andencprmajhzmt suchof t he
wafer, this data inc he. X and Y offs es di,al t of
the EBR regi tﬂWﬂVé rﬁ&%ﬁxi%lﬁ sianall Yoﬁﬁraé%’&u%# 62‘*2‘?&9 FI%%WS e e eeR
pl acement. Theiqe @h@ﬁl&;ﬁ %1{1@& UiR1PEmbAEmERS’ o?tﬁ@&ﬁ‘st%'d' tﬁ@tsbéb‘ﬁd%ﬁ?s’t' des
the ability to tra EBR ati’ons over the entire wafer. These varl ations
are al nost cedgeset ey 1t swel Wsibleomy EHE. 8Bal Rtegvldlﬂwu@ls whfer adige niP2ais onl y

3 points on the fer. 101] .The tinme requi,e re2vvaf rs, usi ng
t he conventi 83%?%?’3??#@{}”( §11%¥1H &P %%Eg\ﬁgg?l(a%tegtﬁ ﬁlnﬁatcggca? %y the
aut omat ed edg&npm&a%kaw§taﬁanabpx?lngcamegt%uletm oni Mthabemboamfmmym per
waf er, which greatly enhances the efficiency of rmnltorl ng the EBR rocess

with a much maéeﬁ@rig@l%lsﬂocpaﬁechﬁrtb@gnpmsﬁe[@@aq 30fhia o Bmlpcmeness todsifisl i ng

systens and t. i nts
over previ oubeifb g 148 SRR inchBibO JULE phloR  AGeRICKE Pnt acfﬂ@éﬁ%’éat re
attribute(s) imsef 300tis opﬁ@tﬁlﬂly&%nﬁﬁﬂ:eﬁ%hﬁd&ﬂl tile fasidsyafer &lgquioz kiugh tiet dgni zed,
and adjustnents (if necessary) nmade. Further, praqcess deyiations, including

| ess appar entopPeiEsiEnage s g sWith ghe Iﬁ%ﬁﬂéi wafeheAgs 02 deine 2 rsaight dine,
conponent yi g égm%g tHe co §§1t%tmﬁ be@% 8p n@HHa!tdI&red @E&Sfﬁa?ﬁ?es@ﬁ%) edgednobe

recogni zed an resse on av rtua y rea
takes on other shapes as desired.

[85] 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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[ 103] Al though specific enbodi nents of the present invention have been

I llustrated and described herein, it will be appreciated by those of
ordinary skill in the art that any arrangenent that is calculated to

achi eve the sane purpose nay be substituted for the specific enbodi nents
shown. Many adaptations of the invention will be apparent to those of
ordinary skill in the art. Accordingly, this applicatigon is intended to
cover any adRpper mwshiovesr sradienit thensholds. ashwell rﬁ*@éﬁ]@ffro‘iﬂtef[‘% e shaft flediely

i nt ended t ha | t and
equi val ent s %Iﬁ%ér?e% Oh&\ﬁ?m}; G oc}hgl}n %ﬁ?&#f#%eé%rﬁégm gﬁ\c&%tg?)rgdé rr?ygsgt I on
processi ng, gh)&v Rt Imdnmmrpdges isegment@pbrrespogdiag toeasfeatoree to feglecated atri ng to

an edge of a m conduct or, er hei n” _prepar e b e fabrijcati
processing; ECORPYiEsS %r@ctﬁ%e\ﬁg%r { gr@ﬁl&flhﬁéfa-yi#argéxwlge el on 4
COMpOSi t & I eph ARG ”ﬁ»&tel OthaflctéfRii 8 IR Zeﬁ%@ fbeshbR WBh@fion | @8Rk Vi GoaR edge

bead renoval are he repr esent atio
instances), edge segments are “grown” by adding pixels to a segment grouping if

they meet the selected edge segment threshold conditions.

[86] In some embodiments, Edge Segment Filtering 320 includes using edge
segment intensity cross-section is analyzed to determine a profile of an edge
segment, which can be indicative of a resist edge, such as the first resist edge 114a,
and/or noise and allows bad edge segments to be discarded or prefiltered before or
during curve fitting. If desired, a user is allowed to adjust upper and lower edge
gradient thresholds, edge strength threshold (e.g., average edge segment edge
gradient), and/or segment size thresholds (for example a minimum edge segment
length) to disregard or highlight particular edge segments in order to facilitate Wafér
feature identification. It is also contemplated that the edge inspection system 150
automatically adjusts or selects such criteria in some embodiments. In this manner,
edge segments are filtered to a particular size, edge strength, and/or minimum
gradient value, or according 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.

[87] 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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extracting at

r enoval

based upon the assessnent.

area; automatically assessing the extracted feature attri bute;
generating information relating to a status of the fabrication processing

| east one feature attribute fromthe identified edge bead

and

2. The nethod of claim11l, wherein capturing at

| east one inmage includes capturing a plurality of imges, the plurality of
I mges conbi
t he waf er,

i ncl udes compres§bAY rbBBoRhlY %Mg:\én QircfRPAdd @ﬁu&ﬁ@%%ﬁdttﬁaﬁﬁﬂe&@&ﬁﬁ@ally

si ngul ar

a

representation of the edge of the wafer.

in

wher ei n conppesitomeg BBR line Wikl gsneralieappraryass 4 siohseddir the ¢emppsite imgge 300.

i nformati on

| e Buhdardton fSmEP b e Fectio R ot 1A B B er b Gt Sirme.

renoval

[88]

eccentricity between the wafer 50 and the layer of resist 108 results in a sinusoidal
shape in the composite representation 300. As such, sinusoidal curve fitting, for
example using Least Squares optimization techniques, is applied to fit a first curve to
the detected seglnenté. .However, other types of curves or line fitting are also
contemplated for curve fitting the edge segments. For reference, it should be
understood where the wafer feature to be located using sinusoidal curve fitting is
substantially straight, a sinusoid having a small or substantially no amplitude will be

fit to the feature to be located.

In some embodiments, one or more subsequent edge segments are identified
and segment distance (average, median or and/or absolute) from the first sinusoidal
curve fit is calculated to see if subsequent segments are a good fit with the first fit
curve. Where a subsequent segment is a good fit, that segment is grouped, merged,
concatenated, or the like, with a first group of segments and a subsequent, second
sinusoidal curve is fit to the new first group of edge segments. In some
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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The method of claim 1,



4. The nmethod of claim1l, wherein conpressing the at |east one inmage

I ncl udes: identifying information in the at | east one imge indicative of a
possi bl e edge bead renoval |line; and fitting the identified information to
a curvilinear line. 5. The method of claim1, further conprising:
correcting the at | east one captured inmage for tilt prior to the step of

conpressing. 6. The. nmethod of claiml, erei t t |

f eg}[:)ur eféﬁq ? ri but eA%EH% -where edge segtncelz&lghhavgIbrcl,eiga }s;eag%rdeg%rc?m a Igaaartsléulé)rne
curve fitting operation, for example as being too far from a curve being fit during an
iterative process (as determined by another user input or predetermined threshold
level, for example), a new curve fitting iteration can begin for fitting a new potential
wafer feature line to such disregarded segments. Regardless, several potential wafer
feature line candidates optionally result. In some embodiments, the wafer features

are resist edges or EBR lines that are chosen from potential EBR line candidates

according to their total length, cumulative edge strength, or other factors.

[90] Edge Segment Recycling 340 includes reevaluating edge segments after an
initial curve fitting process has been completed. For example, in some embodiments,
edge segments which may or may not have previously been incorporated into one of
the generated potential wafer feature lines or other edge segment grouping are
reprocessed in an effort to further strengthen potential wafer feature identification
edge segment candidates. In some embodiments, non-fitted, borderline, and/or fitted
edge segments are reviewed and incorporated into one or more edge segment groups
according to subsequent curve fitting analysis, such as by reevaluating edge
segments according to more forgiving length or edge strength requirements in view

of a relatively higher degree of proximity to a particular curve fit, for example.

[91] 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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I dentifying an edge bead renoval line represented in the identified edge
bead renoval area; and determining a value of a feature characteristic at a
plurality of points along the edge bead renoval line. 7. The nethod of
claiml1l, wherein extracting at | east one feature attribute includes:
identifying a plurality of edge bead renoval lines represented in the

identified edge bead. renpval area; and deternini ng a standard devi ati on of
a conmon chatoghefé?’in WEOQSrP%éQ%ﬁggﬁsegﬂ@nﬁSaAerﬁ,mﬁ,i e%@’éhlg@&deﬁsé%%?e ?f nes.

8. The net ho@mﬁé&.&h%ﬁ%ﬂ GV&%ﬁﬁg{H& rggﬁtreagési ﬂqa,altlldleaSt one feature attribute

i ncl udes:

[92] It will be understood that the above-described examples of image
compression are but a few acceptable techniques in accordance with the present
disclosure, and that other approaches can also be employed. For example, a variable
image compression process can be utilized. As a point of reference, compression
speeds the inspection/analysis process. Because, for example, on the wafer top side
compression is needed to minimize or remove any superfluous patterns, compression
should be optimized with respect to the amount of pattern present. Edge normal
EBR line metrology requires less compression because there is no repetitive
patterning on the edge, and more or less regular features of the EBR line(s) can be
“picked out” of the random features on the edge normal. Optimization of the
compression in the edge normal images can be based on a balancing of processing
speed (e.g., throughput) and resolution. The higher an image is compressed, the
faster the processing speed. But, at higher compressions, it can be more difficult to
resolve or “fit” an estimated EBR line to the captured image(s). As such,
optimization can be achieved based upon a user’s intuition concerning past results or
based on knowledge of the EBR characteristics. This “user defined” inspection
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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I dentifying an edge bead renoval line represented in the identified edge
bead renoval area; and determ ning an extent of conpl eteness of the

identified edge bead renoval line. 9. The method of claiml, wherein
extracting at |east one feature attribute includes: review ng information
i ndi cati ve of an expected edge bead renoval line |ocation relative to an

outer periphery of the wafer: and determ ni whet h i
an edgg begd?%géﬁﬁ/% o1 that mgre than pne EBR ﬂﬁer:] %eamrg, W?tli’l c?ner gP Eﬁsﬁﬁkafnlleosn of

having a fainter signature.

[93] In some embodiments of image compression, the level of compression is
selected so as to maximize the resolution of the resultiﬁg images. In one
embodiment, where the feature or object of interest, e.g. an EBR line, includes
relatively high frequency variation, very high levels of compression will be less
desirable or necessary resolution of the high frequency variation will be lost. This
optimization process may take place regardless of where the feature or object of
interest is located, i.e. optimization may be employed for edge top, bevel top, edge
normal, bottom bevel, and edge bottom images and/or inspection processes.
Accordingly, where a high frequency variation in an EBR line visible in an edge
normal image is being analyzed, compression of the acquired images may be two to
three times lower than for an edge top acquired image in which a relatively low
frequency feature or object is being analyzed. In real terms, this may mean that the
aforementioned edge normal images may be compressed in the X direction to 2-3
distinct pixel columns instead of one single pixel columns. The period or spacing of
multiple compressed pixel columns is likely to regular around the periphery of the

wafer, but may be asymmetrical around selected features such as a notch or the like.

[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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the identified edge bead renoval area at the expected | ocation. 10. The
nmet hod of claim 1, wherein extracting at | east one feature attribute
i ncludes: identifying an edge bead renoval line represented in the
identified edge bead renoval area; and determining a frequency of the
I dentified edge bead renoval line. 11. The nethod of claim1l1, wherein
automatically assessing the extracted feature attribute includes:

[95] In addition to performing edge top and edge bevel inspection, the automated

edge inspection system is able to perform automatic high-resolution Edge Bead
Removal (EBR) metrology on both unpatterned and patterned wafers by using an
algorithm on bright field images acquired by the edge top camera. As described
above, during edge top inspection, the edge top sensor collects 360° of adjacent
and/or overlapping images. The system stitches these images together and
compresses them to form an “EBR fingerprint” map. From the EBR fingerprint, the
locations of the wafer edge and EBR edge are calculated, along with their
relationship to the wafer center. This compression improves the resolution of
features located in the expected locations of EBR features and minimizes (almost to
the point of removing) 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 oblong or off-centered EBR features appear as

sinusoidal lines.

[96] The automated edge inspection system provided a more comprehensive EBR
metrology data set than the manual measurements taken on a conventional profiler.
From this inspection, the automated edge inspection system calculated the EBR
width around the perimeter of the wafer using up to 360 points; the standard
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.

197} 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.

[98] 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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conparing the extracted feature attribute of a first identified edge bead
renmoval line with a corresponding extracted feature attribute of a second
identified edge bead renoval line. 12. The nethod of claim 11, wherein the
extracted feature attribute of the first and second identified edge bead
renmoval lines is a standard deviation in line width, and further wherein
the step of automatically assessing further includes evaluating |ikelihood
of overl ap bit BBRrwerhaelected foranstinge (Waftr pdige worsapteparad having ideascdaesds upon

t he conparison., 13. .The ne of .cl.aim wher ei.n .t extragt ture
attribute refoRiogs t@daﬁe’étfcéﬁw% ftF‘"r}E‘lciﬂef ré%]ﬁ?e&t?fm&ﬂ E@g‘e"%é’&ﬁ"ﬁ%@% line
feature on thgioMafted EBRN thehbllrbh@its WeE @iken VO RE daRlohyalP$5 esdieR Gort 1R
extracted feature attribute includes: conparing the etch profile attribute
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method of "¢l 8LllaroMPHR! frBHQ TR thE Wekeh. AR IR Bkehldfivs SdrE ARSHedsGRI|" ©

twice for each wafer using the conventional profiler, collecting 3 data points, 120

degrees apart, on each wafer.

[99] A comparison of the EBR measurements from the automated edge inspection
system and the conventional profiler revealed a high degree of correlation,
evidencing that the automated edge inspection system generated reliable results. The
examples and comparative examples surprisingly illustrated that automated imaging
(via, for example, the automated edge inspection system) affords the ability to
monitor and control the EBR process on each coat track more than twice per week,
while conventional profiler could be used simply as a backup tool. This will allow
more frequent and consistent monitoring of the EBR process, and any excursions can
be discovered before any product wafers are further processed. The run-to-run
repeatability and within-wafer sigma values of the automated edge inspection system
and profiler measurements are highly comparable. The experimental data further
revealed that a correlation can be established beﬁvveen 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.
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review ng user inputted information relating to a quantification of an
acceptabl e feature attribute. 15. The nmethod of claim1l, wherein
automatically assessing the extracted feature attribute includes: review ng
hi storical data relating to the extracted feature attri bute from ot her

waf ers previously generated by the fabrication processing. 16. The net hod
of claim1, wherein generating information relating to a status of the
fabri cali®@h procedbe nigng mquirdgé@ nieaseien? nyafiers tusane theecomaertionak pradiler is

accept abl e; generally between 5 and 10 minutes. Using the automated edge inspection system
tool can require only about 1 minute per wafer, which greatly enhances the

efficiency of monitoring the EBR process with a much higher UPH in throughput.

[102] The fabrication monitoring systems and methods of the present disclosure
provide marked improvements over previous designs. By rapidly capturing and
assessing extracted feature attribute(s), defects, such as EBR-related defects, are
quickly recognized, and adjustments (if necessary) made. Further, process
deviations, including less apparent process deviations that have a correlation to
reduced component yield (e.g., resist application and/or EBR processes), can be

recognized and addressed on a virtually real-time basis.

[103] Although specific embodiments of the present invention have been illustrated
and described herein, it will be appreciated by those of ordinary skill in the art that
any arrangement that is calculated to achieve the same purpose may be substituted
for the specific embodiments shown. Many adaptations of the invention will be
apparent to those of ordinary skill in the art. Accordingly, this application is
intended to cover any adaptations or variations of the invention. It is manifestly
intended that this invention be limited only by the following claims and equivalents

thereof.

41



determ ni ng whet her subsequent renedi al processing will render the waf er
accept abl e; and designating the subsequent renedial processing as necessary

for theWﬁJt%clLﬂn@gJ tion to other process steps associated with the
fabrica Ssthg. 17. The nmethod of claim 1, wherein generating
information relating to a status of the fabrication processing includes:
det ermini ng that Aheethed of sranifering semigprducioy dabsication presessings Hisi mehedi at i on

in at |east 9(?1@ rfsﬂpggi cation processing step occurring prior to the step of
capturing at east Hne I mage; and designating an adjustnment to the at |east

one fabrication peapaesmgiaidest ope imdR. rekiingtetancaigefof @l wimivahdusthewefen
igﬁgleLg'éls:ng I nfor mat | ane'it?gl &%f)eprgd E)(I)th% fa%r%tatlilgn [())rfocésrs]i%g;f abrication processing
compressing the at least one captured image to generate a composite
representation of an edge zone of the wafer;
identifying an edge bead removal area in the representation;
extracting at least one feature attribute from the identified edge bead removal
area;
automatically assessing the extracted feature attribute; and
generating information relating to a status of the fabrication processing based

upon the assessment.

2. The method of claim 1, wherein capturing at least one image includes
capturing a plurality of images, the plurality of images combining to represent an
entirety of an outer circular perimeter of the wafer, and further wherein compressing
the at least one captured image includes compressing the plurality of captured

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

3. 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.

4, 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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determ ning that the assessnent is indicative of a need for altering at
| east one fabrication processing step occurring after the step of capturing
at | east one5i mg@hemﬂﬁoéﬁéﬁlﬂﬁ@ alrtherccop@is®s: to the at | east one

pr Oces.S' ng step; écaHEQEé 9 lhﬂ? O%H&@a}ré@@ma%m#orf %}Rr t?(ﬁt ion%e S 84) yral i ty

of semni conduct or er STt hrou ricating pr oces ing i ncluding the
altered processing st epompres‘sﬁlg A system for nonitoring sem conductor
fabrication processing, the system conprising:
6. 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 value of a feature characteristic at a plurality of points along

the edge bead removal line.

7. The method of claim 1, Wherein extracting at least one feature attribute
includes: ‘
identifying a plurality of edge bead removal lines represénted 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.

8. 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 extent of completeness of the identified edge bead removal

line.

9. 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.
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an imagi ng device adapted to capture at |least one inmge relating to an edge
of a sem conductor wafer being prepared by the fabrication processing; and
a processor electronically connected to the inaging device and progranmed

to: compress,hhe 3hc L £assy GRGIFAPE WA BB JERGLADR Rat O FRBMMAL | ON
r, 1 en%l 8lge the

of an edge of "the wafer, y’an e ead Tenoval area I n
represent ati afejudextract at |east one feature attribute fromthe identified

edge bead renoval .area, auto ' )
at tg ribute. and i entelgnng an edlzgné1 tblee?da rleln%(l)vglsllsn%srgpr%sré%te%)ﬁ}l rﬂ?e%?r%ﬁeﬁ%%é‘er Bead
removal area; and

determining a frequency of the identified edge bead removal line.

11.  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.

12. The method of claim 11, wherein the extracted feature attribute of the first
and second identified edge bead removal lines is a standard deviation in line width,
and further wherein the step of automatically assessing further includes evaluating
likelihood of overlap between the first and second edge bead removal lines based

upon the comparison.

13. The method of claim 1, wherein the extracted feature attribute relates to an
etch profile attribute of an edge bead removal line feature on the wafer, and further
wherein automatically assessing the extracted feature attribute includes:

comparing the etch profile attribute with pre-determined acceptable etch

profile characteristics.

14.  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.
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generate information relating to a status of the fabrication processing
based upon the assessnment. 20. The systemof claim 19, further conprising:
a control | er 18ont The methgd s elaimilowhereinauppinaiically pyspesing the extisted fedlvzi at ed
wi th at Ieas%“ﬁgﬁ edgag fabrication processing steps; wherein the
processor is e ec?ronlcally linked to the controller, the processor further
programred to: reviewing histbeicel dataeelating a6 therextiacied faatuop ettiilito frowf othdre waf er

fabri ' ' A . i
det elr ?naﬁlleS n a][ ,? glr ét ?gao‘r{%{,émc I?rlexll%us‘?}rl g%%até(l]ﬁy t%g I%%brrf?:l:atllc)enrpr%geslsﬂg.l ement the

16.  The method of claim 1, wherein generating information relating to a status of
the fabrication processing includes:
determining that the wafer is not acceptable;
determining whether subsequent 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.

17.  The method of claim 1, wherein generating information relating to a status of
the fabrication processing includes:
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.

18.  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
fabricating a plurality of semiconductbr wafers through the fabricating

processing including the altered processing step.
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19. A system for monitoring semiconductor fabrication processing, the system
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.

20.  The system of claim 19, further comprising:
a controller controlling operation of a wafer fabrication tool associated with
at least one of the fabrication processing steps;
wherein the processor is electronically linked to the controller, the processor
further programmed to: '
determine an alteration in operation of the wafer fabrication tool,

automatically prompt the controller to implement the determined alteration.
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