Description TITLE OF THE | NVENTI ON | mmge Processing Method, |nmage
Processi ng Device and Surface |Inspection Device Using the | nmage Processing
Device 5 TECHNI CAL FI ELD [0001] The present invention relates to an i mage
processi ng net hod and an i mage processing device for processing an inage

i ncl udi ng an obj ect surface inage é%$resented by 10 pi xel -based gray

val ues, and a surface inspection d %ﬁflggfﬁﬁ t he i nmage processi ng device.
BACKGROUND BRILE (W) 2iHET TVBNIESGN been proposed a surface i nspection device

15 for capturing an inqge of urf ace of._an _obj ngd. i ti def ects
on the object sur ace baé’ézgscs)?ﬁn nﬁ% t%ﬁl’nelgl%igﬁa%gg%égglrg%t%ﬁ{ﬁ%l taergature 1).
I n this surfactadenshepkcictnodelécise dssurf dbe Thaga Prspectied Spewtcaen such

as a seq?coggﬂﬁﬁ mqﬁ%&D a liquid crystal glass substrate 20 or the |ike
is scanned by a TTne sénsor and a two-di mensional surface inmage of an

i nspected speedhien is generated based on an inmagi ng signal output fromthe

ne sensor. ReSPeelie ALt 3-0LL e, sl Ace Linge aLs,praseaned and

defects of the specinmen surfa KNEss Unevenness, tern-def ect,
etc.) are detertddrthsedinaga statesmosbading for tihwomesfiageannmage havi ng

N kR b A
No. 2007 147#44] -SaeRyreF TalE¢NVEMH @GNsurface inspection device
using the image processing device.
BACKGROUND ART
[0002]
There has been proposed a surface inspection device
15 for capturing an image of a surface of an object and
inspecting defects on the object surface based on an
obtained image (see patent literature 1). In this surface
inspection device, a surface of an inspected specimen such
as a semiconductor wafer, a liquid crystal glass substrate
20 or the like is scanned by a line sensor and a two-
dimensional surface image of an inspected specimen is
generated based on an imaging signal output from the line
senscr. Respective parts of the surface image are processed
and defects of the specimen surface (thickness unevenness,
25 pattern defect, etc.) are detected based on a state of
shading in the surface image having the respective parts
processed.
PRIOR ART DOCUMENTS
PATENT LITERATURE
30 [0003]
Patent Literature 1
Japanese Unexamined Patent Publication No. 2007-147441
SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
35 [0004]

A filtering process may be performed to emphasize



PROBLEM TO BE SOLVED BY THE | NVENTI ON 35[0004] A filtering process may be

performed to enphasi ze shading of defect parts in an object surface inage
as a process perforned on the object surface image in a surface inspection
devi ce as descri bed above This filtering process is for enphasizing a gray

val ue of ea&lgaéﬁ{gge&f F%fgﬁ% a¥’c$"!n N o%r %)ét"%i‘?g m?ag%r%gngl ng pixels.

| n ot her wor i 'mensitonal Thage processin ceSS|ver
processi ng phecgFmpardioresdopn at lnkajelo:ty safrfawe- :tnm@m@alswtfaceanged

pixel's (tar Qﬁép%tf&g%b@%%c%s §“@%§éﬂ%’&g BBl Shrdi$ I%?Lrl% e& Sggxgodéeérﬁ%y(’bj ect

surface i mge WeVer, since the gray
changes bet weefrarenipiesd zé hdea oframn wdge bfneacbdQquenuygxaéndnaniﬁmter

31 de of o hecedge,y 119, Chagkaround, Limgel L an odgs ALt ,ofabhe, abject

sur f ace |nag roperly processe canno alne in an area
of the edgedimersinnalheémeage- Hrﬂ@ﬂﬁﬁIﬂﬁﬂfqrnagecp$ﬁixﬁ$ﬂrR}®¢P@@®69 the The

present i nvgply ap. s, devel gpeg. v y i ol Suaho 8 51113l lonaagdaal s to

provi de an e processi ng ne an”i nmage processing device
capabl e of pbtaisi Hgrgepr opael yapd odes sedronadéeng reiarelaled sof an edge part

of an objec ection device using the inmage
processi ng %%#%%ﬁﬁﬁéﬂﬁgggCﬁ?@%ﬁ%ﬁ%@&%&%BﬁE%ﬁ55[0007] The present
i nvent iléh i §0@@%kected to an i nage processing nethod, conprising an i mage

O 80 51 0, T 00 S0 P SRR SRR,

pi xel - based gray val ues "an | ect sur
i mage speC|$9|¥@ane§id@fO§pen|¢®@¢uﬂxn¢ i(wdge imedeidiang am edger| shee of the

obj ect Surf@fetﬂéngﬁaésgﬁngn(EQ@kéfﬁHﬁ% Hﬂ@ge) in an edge part of the
object surface image, a properly processed image cannct be
15 obtained in an area of the edge line by the two-dimensional
image processing.
[0006]
The present invention was developed in view of such a
situation and aims to provide an image processing method and
20 an image processing device capable of obtaining a properly
processed image in an area of an edge part of an object
surface image, and a surface inspection device using the
image processing device.
MEANS FOR SOLVING PRCBLEM
25 [0C07]

The present invention is directed to an image
processing method, comprising an image obtaining step of
cbtaining an image to be processed represented by pixel-
based gray values and including an object surface image; an

30 edge image specifying step of specifying an image including
an edge line of the object surface image set in the image to
be processed and located in an area with a predetermined
width in a direction orthogonal to the edge line as an edge
image; a conversion step of converting the edge image into a

35 rectangular image with a width equivalent to the

predetermined width; and an image processing step of



be processed and |located in an area with a predetermined wwdth in a
direction orthogonal to the edge |line as an edge inmge; a conversion step
of converting the edge image into a 35 rectangular inage with a width

equi valent to the predeterm ned width; and an i nage processing step of
perform ng - di i Qnal .| cess|n e rec ular image to
successi vel %egrggggisrggﬁe&%r g}%h\%g?%%@égfﬁ%d& g)r"’gpF%gl%‘fﬁ %rlg >a<te s arranged in a
di recti on okthbgomalat drags dbhsdccessiwnlwiprobessethangdarvalmgeof 5[ 0008]
By this const I t [ i nel.uding . edge L. f.t obj ect
surface i rraéef}gg%é?#Bf h%eip%g{ggst %?g%n %}gclgiss?e lgggtjr%ga?lle%]%%r?%ﬁ%eggr ea wWth
t he predet eenthdth wittdrtient hé the ectdmmorlalogoaat.to the edge line is 10
convertegd i Qggoépe rectangul ar inage with the width equivalent to the
predeterm ned wdth, and the one-di nensi onal image processing is perforned
on the rectangul aPyi Haie castugctsonyetlye madmredsatheigehydival téds of t he

plural ity ofopixels. afs 3aged et hey dha activancoct hogenal, tgala Lo,y dth of
the rectangular 1 nage. Since e gray val ues “of e plurali of "pixels
arranged i nPrhaessisectticodospt hdgonathe @ rdae wik dt hheli prestatenmihetihe

rect angul ar . ar : Lyel ed i h -.di si onal image
processi ng ngﬁgﬁnﬁﬁﬁ%ﬁ géré!ééé?a%rgﬁogﬁﬁi%ﬁagg, 9{1%e§%@ﬁ& egﬁgul ar inmage is
successk¥el gopyotiesd dartion thherdttacyilar dmegg wish rigightidthne correspondi ng

to the edgekings0fnit he q%eg%?a%éﬁ&%éﬁqet%ggx?@h@%ﬂeﬁage_ processing

met hod according to the pres invention er conprise an
i nver se condérenpiprstlefrgbegphneressing dsppecésswed edydharagetbygibaer sel y

converting t . ] i e - gl fBnsi i mge

processi ng %@??%?%e?@#gggéﬁ%%%é%yﬁgg ﬁggghgé ori gio(r%gl%hgr ea. 30[0010]
By this conBtergtitonoft péxplacessubasige thagdiiecifenercattbdgbyal nver sel y
conver t4iqng L \Lj one-di i I -=To!

processlisnng Eggf%ﬁge%%gggo%%ﬁﬁﬁdep?ﬁ%ggi rr:_ﬁ[r%gng?{?gggg)( %r ea.eS §fnce t he
one- 35 di nepgipkaalifygeippbselsianyangedeinotheddioreatienr ecthagonalr i nage
in the direggi ; : I i.n 1 t he edge |line of
t he obj ect E%)Jr?rgbcgjl;ar%g]ggeﬂggégieg%%ggeaggggéﬁgﬁggg%%%&tggeedge i mage

obt ai ned bySPeRRISISSL YcBRPEEsSed IThdheeongngihensiangge imageng t he

one- di ensi ppgbed JIBAP o 962554 \h RAIJ OLERAnEheL 0N, Syt antial Iy an

image 5 obtained by performng an inage processing dng the edge line of
t he Obfgbt sepfamiliagadgmage 1s successively processed in the direction

along a straight line corresponding tc the edge line of the
object surface image.
[0009]
The image processing method according to the present
25 invention may further comprise an inverse conversion step of
generating a processed edge image by inversely converting
the rectangular image having the one-dimensional image
processing performed therecn intc an image in the original
area.
30 [0010]

By this construction, the preocessed edge image is
generated by inversely converting the rectangular image
having the one-dimensiocnal image processing performed
thereon into the image in the original area. Since the one-

35 dimensional image processing is performed on the rectangular

image in the direction along the straight line corresponding

3



[ 0011] In the image processing nethod according to the present
invention, an image in an area with a first 10 predetermined width in an
inward direction of the object surface inage fromthe edge line and a
second predetermned width in an outward direction of the object surface
imagefrom e peci fij.e e; e JJmag e edge

i mage speci €|%lged%de&p ﬁ%gﬂ%’iz’?‘g Stece gu?ﬁ?égc%rﬁ FOCt | o%cwlﬁ%& mage in

t he area i nslevablthd mbudsagdtdm;@dgag@f obheindj eyt iswefraeéyi nage can be
specified a t. dge 1] i sel. ing the
cdge of ‘t heedt St RorP Soasr iRl HaRaRCRE oG SRk fEL G T
processed. m@:_i@]processmgnpehéommgethmreoesss nguipstandd 2addyoerdi Higed®o t he
present 4 nv t. version
step of obt(a(%\lklglﬁrfjfll(r)lrgnédatb ??éﬁ&?ﬂﬁ& r§ %%ggﬁégb?%%%?%garl%gl pongl 549 o each

pi xel of theinrecifaryel azbjﬁcrag@t,ﬂrm amggep of determning the gr ay val ue of
t he pi xel ofoéf@ rectangul ar i mage corresponding to each obtained position
in the edge 1 mage based on the gray values of respective pixels in the edge
i mge. 30[ 0014] Byntttin'as ipegst puetéoming Imetpodi atoprding He ddge i mage
correspondi ng. C { g kh angyl ge i s obtained
and the gra’}g/ val ue gjf e?'ti‘Sﬁ Qrpslr#at#héplr e%t gﬁ%ﬁ%r |lréaggr(|§g?r esponding to
each obtlai neregrisinmiigrdi wi35hti‘re addeviardgdirectetrelofi nég¢ bhsedt on the gray

val ues of tQﬁ aec?e"%%a 4 £RLAEL S Y hﬁlﬁgggn r@gseecor{oog%é%iﬁtermlnedf the

position in ge |na e corresp nd|n I Xe e rectangul ar
i mage mat chesdth parx@rn pcswarcd)rdxﬁeqth@ne@@ethera@@]eqmesvgrfayevam@me of the
pi xel of th r.ect I h ylyaé of the
correspondlﬁgé%ltjje %@gg %%néegﬁ%’el rragé)%%&g?t&ﬁ Tt grepg'Isnlg ?oln |nﬁétehe edge

i mge cor re%cmmdllm@@et @pshefmm@lst@fp the rect angul ar image deviates fromthe
pi xel pasit ﬂf the edge image, the gray value of the pixel of the

rect angul ar 10 iI'mage can be determ ned, for exanple, by an interpolation
process based on B)hé:lgrsayonatn@@tmn,put*@l smeger mn@imganeﬁse ipgaréshbndi ng

posi tion 'nlﬁé%ﬁdﬁ%%ethgaggge[£¥”éﬂe cbject surface image can be

specified as the edge image even if the edge line precisely

matching the edge of the object surface image is not set in
20 the image to be processed.

[0013]

In the image processing method according to the
present invention, the conversion step may include a
position conversion step of obtaining a position in the edge

25 1image corresponding to each pixel of the rectangular image;
and a step of determining the gray value of the pixel of the
rectangular image corresponding to each obtained position in
the edge image based on the gray values of respective pixels
in the edge image.

30 [0014]

By this construction, the position in the edge image
corresponding to each pixel constituting the rectangular
image is obtained and the gray value of the pixel of the
rectangular image corresponding to each obtained position in

35 the edge image is determined based on the gray values of the

respective pixels in the edge image.

4



In the i mage processing nethod according to the 15 present invention, a
conversion table indicating the positions of the edge i mage correspondi ng
to the respective pixels of the rectangul ar i nage may be generated

bef orehand; and the positions in the edge i mage corresponding to the
respective ngﬁ%s of the rectangul ar i mage nay be obtained 20 using the
conver si on é in the position conversion step. [0017] By this
construction, t heIﬁ)aSiet ip@mtimntm ﬂ@@dg@@magercesmmﬁn@n@otbhéhe
respective n.the r cta i

u i_mage, c e nor L y_obt ai ned
S nbe the. dosrTl G T 28-FRAS e TnAte b P e JodT: B0 LheoP clbect | ve
pi xel s in thee retjcangubal; thagerar eradekenii nleel pistalg ctfheheonverS| on table.
[0018] In t%gblngﬁg]proce55|n th% accor t.0 th% ?ent fnventlon
the i nverse' e °on 5D SAUNEFETA"S % St'1% SHAnVErE8e 2onvst si on
step of obtemrmenpomdpmglpnm@llmftﬂheleagbamgagar EMagbecprIﬁs@Undlng to each
pi xel in the immge i.n e orlg;nal area,; andng.l

gener t
processed e%PSLEhﬁbénby Se?%? Hm%ﬁaéFg§e§g?ues %%R{% PX6 Z éﬁg?%e i mge
in the or|gremﬂangudarcmmagepdemhaupa(fﬁ&& the p&&eﬁrpa$1¢espeof|v@ep05|t|ons

in the rectgg LH#Hége' Sbﬁ ed o %p%fgtgé vaqus:pﬁjkp§ecgggggiéye pi xel s
inthe rec gular’ 1'mag e “one-"di efst onal™ "mage processi ng
per f or méd threxgoran wlg]etaymirhm$, (ﬂmsEKamplen by hen pmﬂ:eb:poﬂmatwnt he

rectangul aL%J?OCGrr%g% o rrggpgélceh%n)%ﬁ ?ratlh Epﬁe greé%i X u% ggg .éljhé uting the

imge int origl na aifed ay val'ues o e pixels
of the |nageorre3ﬁumdamggpnaitameajnmmeesdgadlm@geo t he obtai ned respective
positions ipoéﬂ% rectangul ar inage are determ ned based on the gray val ues
of

In the image processing method according to the

15 present invention, a conversion table indicating the
positions of the edge image corresponding to the respective
pixels of the rectangular image may be generated befcorehand;
and the positions in the edge image corresponding to the
respective pixels of the rectangular image may be obtained

20  using the conversion table in the position conversion step.
[0017]

By this construction, the positions in the edge image
corresponding to the respective pixels in the rectangular
image can be more quickly obtained since the positions in

25 the edge image corresponding to the respective pixels in the
rectangular image are determined using the conversion table.
[0018]

In the image processing metheod according to the
present invention, the inverse conversion step may include a

30 position inverse conversion step of obtaining a position in
the rectangular image corresponding tc each pixel in the
image in the original area; and a step of generating the
processed edge image by determining gray values of the
pixels in the image in the original area corresponding to

35 the obtained respective positions in the rectangular image

based on the gray values of the respective pixels in the



10 the respective pixels in the rectangul ar i mage having the

one-di nensi onal inmage processing perfornmed thereon. The processed edge
image is generated which is represented by the thus determ ned gray val ues
of the respective pixels of the image in the original area. 15[0020] If the

position in the rectanqul ar |nmage cqrresponding to the pixel of the inmage
Pt he or 1 GFRAFAA Ghr s PAT o % b G PORROr o rsAdmgul ar  f mage. ¢ he
gray val ue ptotéesiprixelerdbrinbe thegeori.n the original area can be 20
det ei m ned E@?igf gray value of the correspondi ng pi xel of the rectangul ar

o1 f

i mge. Furt the position in the rectangul ar i mage corresponding to
t he pi xel of the Byageid tdnzeroctfonal tles gmsdevbatesn f tiom tdve apigxébr

position of .the rectanqul ar. i e,. the gray.val ue t he pi.xel .of the inmage
25 in tg% o 'g¥ naf“ dred %ﬁngg?%e?Qﬁrﬁqé§§F¥ﬁg? RIERHT OB &R R er pol at i on
process basede oimddee igr ajievakugsnal grecelazesubtoimel rhd decgragspondi ng
position of _t

Va?e éeggqp ul ar gnagg.t40021 30Int%he i mage .pr.ocessi ng net hod
according to He ﬁ?es t Piriveit fon"an er8e %n%%ﬁ%ﬁ(ﬁ% fabfe i ndi cating
t he positi onsrrespdrelimectanghtasbiaiagel cespespondi pogs ita dnize inespect i ve

pi xel s of the jimage in.the original area be gener at ed bef orehand; and
Phe posi t1 ohE i dbpdrgnr i HEss BErra-findi gy CRLUFBapbet | ve
pi xel s Idf theeimegediiveheirgelgi althenmagetaayguber obhtajendcvisignghéhe i nver se
conver si on ggbl&a£é1th% ogigion-hgyers% CO”V§r§iC$‘§ﬁ§?%0n[0Qfgg By
this construction, the s AR T T ie ekt angti'ar | ge corresponding to
thga rkfaspeg:pyecemsegi sadg?humegén:fgegérrgr&tébﬁewbit?iimlﬁmeuaadbbyrmre g
quickly o ned sin e _pQsitions .in ctangul ar. i nmage rrespondi ng
Lo the respsati VA ISECE TREENE T Iade 1R Phe ori BT THATC argarars deTsi m ned
usi ng the i Dkersmgonvertbeonrighbhael rM@@23] 10In the i mage processi ng net hod

accordHﬂg t?oéﬁ&
If the position in the rectangular image corresponding
to the pixel of the image in the original area matches a
pixel position of the rectangular image, the gray value of
the pixel of the image in the original area can be

20 determined as the gray value of the corresponding pixel of
the rectangular image. Further, if the position in the
rectangular image corresponding to the pixel of the image in
the original area deviates from the pixel position of the
rectangular image, the gray value of the pixel of the image

25 in the original area can be determined, for example, by an
interpclation process based on the gray values of pixels
surrounding the corresponding position of the rectangular
image.

[0021}

30 In the image processing method according to the
present invention, an inverse conversion table indicating
the positions in the rectangular image corresponding to the
respective pixels of the image in the original area may be
generated beforehand; and the pcsitions in the rectangular

35 1image corresponding to the respective pixels of the image in

the original image may be obtained using the inverse



present invention, an inmage including a surface inmage of a disk-shaped
sem conduct or wafer may be obtained as the image to be processed in the
i mge obtaining step; an entire or partial inmage in a ring-shaped area with
a predetermned 15 width in a direction orthogonal to a circular |ine along

d f th ] duct or, f I f, A be specified th
edge i mage PRITRE dtibeTiige Rt 57 o Sk ¢BYoant THR rocesSeibedge i mage

may be genef@b2z) by i nversely converting the rectangul ar i mage having the
.thereon_j nto an entlire or

one- 20 di nensional |i.mage processing perforne

partial image i nnﬁ%et}blrﬁgﬁoﬁlglgr}'lfzﬁbggha U PReEE IPRSt R TS 209V EF si on
step. [0024]lmBye tdvrsrempasitii Hgt toNthe trdspepassebbexsé s abt ale dma§epiowcessed
edge | e successively perfaorm ng an . € processing on entire or
parti al T maghe | TS g SehAp SR TRk B R ey o B EEi o B ghect &

sem conduct pssiaf@rs Sur theerecagegulur hamageragertespendirecessetleand i ncl udes
a circular line, substant ';Lal ly 1,0 a directi gﬁﬁal on&[t e 30 _circular |ine.

[0025] In t FES P Veprp&é{g §ih Y hodF S cor goflo &rggeﬁtrei nventi on,

an entire odepauntiradd iusdgeg theaimverpesshapedratea waltle.a first predeterm ned
wi dt h at an[' 35 side of the circular line and a second predeterm ned
w dth at an er side of the circular line is specified as the edge imge
in the l&dge | magelsped fiyiang srepesfPGlethod accBydimg st amst ructi on, an
entire or palr:ééearll i.nr}av%%ti.n a r]jln -sheapled area invéalr]_i abcle%/ ii ncl ug;_cng t he edge
of the 5 seRt CBAGUTOr WaPBr 0 FiEs irﬂ%g t8R De 1%pem ied%5s an edge

i mage even disla-shaped aembicoedpeest selfermabghbagoitteel redyesothehemage

sem conductor waf.er SULERCe,! FROS 1.5, N0k 98h:nf 092, A Lhesamas
processi ng mstkhocp accordi ng t he'?d !
partial image in a ring-shaped area with a predetermined

15 width in a direction orthogonal to a circular line along an
edge of the semiconductor wafer surface image may be
specified as the edge image in the edge image specifying
step; and the processed edge image may be generated by
inversely converting the rectangular image having the cne-

20 dimensional image processing performed thereon into an
entire or partial image in the original ring-shaped area in
the inverse conversion step.

[00243

By this construction, it is possible to obtain a

25 processed edge image by successively performing an image
processing on an entire or partial image in a ring-shaped
area, which is set along an edge of a semiconductor wafer
surface image in the image to be processed and includes a
circular line, substantially in a direction along the

30  circular line.

[0025]

In the image processing method according to the
present invention, an entire or partial image in a ring-
shaped area with a first predetermined width at an inner

35 side of the circular line and a second predetermined width

at an outer side of the circular line is specified as the



10 present invention, in the conversion step, the edge i mage nmay be
converted into a rectangul ar i mage conposed of pixels in a rectangul ar
array corresponding to respective positions set at predeterm ned intervals
al ong one of two partition lines at the opposite sides of and parallel to

t he edge |IQ &SléH%§ qt %RgegggnterJﬁff tlyifggﬁgr%gﬁge_and respective

positions se em ne 1ines orthogonal to
t he part|t|66026hes fron1the respective positions up to the other partition

line. [0028] 20Byg scoéb%sft‘fﬁ&%n B e%mt&?:%%?' a£91£f’tﬁr‘la§e ihegtangul ar

i mage i n which res |ve I Xé ha rectangul ar array correspond to
posi tions |nlamr$nﬁp£d|am@e pavariamhpdxbyUUmogpahe|¢dgﬂ1dﬁ nés at the

0pROSTt & o1 deg. ol And parALLel oLocan added Las ol an.obieet Jimge. 25(0020]

I'n the image processing nethod according inventron, in the
conver si on step, indue evge ifagecinyulre comeepredisel retaddrgngbear i mage

conposed of 88%&‘%15 e %3@?85%89 £l sitn ggp |G 4 g fregpective

positions 3 et at pre erm ned 1 ntervals a I'onger” one of the two
partition Iiﬂ@%7ht the opposite sides of and parallel to the edge |line of

the obiect imge of Lheieflde Lynge.and, nesnect Liecngsid lans met al

pr edet er m ned |nterv nor na nes ort o ona o the partition
| i nes ﬂﬂbn1ph%ﬁéﬁirnﬂﬂ@@¢upme p@sﬁhé(ﬂﬂﬂ“ﬂ@sﬂonthéeBkKﬂhQHqugrﬂmﬁgﬁn li ne.

[0030] oﬁJ@f%eﬁO?ﬁ£5u§tféq% ﬁ@lgﬁp?ﬂééégggmﬁﬁgﬁgggfg& éf the

edge i mage S|%ce the respective posi set based
on the respéttd veeqiegiqilensasesy atontesnonddsger i regbdaitisievabsiaiony t he

longer one of, ti%iﬁf@&é@e?ﬁ&ﬁé&'fﬁk%ﬂJ&%& RALhH tbR@'&@1&ﬂFﬁ%QQ§t&HH99 As a

result, conversion into a rectangu i mage onposed of re pixels is
p055|ble [ 0033 atn thite cbpagéterobdssiafy amdt hadabbebridi nget eduhel 11t present

| nventien, aeconvession tahe (el ald nhdhentgsPess i yeposiitions along the

partition Iine in the edge rmage and pi h one row of the rectangul ar
i mage corr eppoidiang tseteathpoédet ¢rnifedodatervats setorsh noadot s | i nes

passing thré&%ﬁb&&H%lT%%P%ﬁéiﬁ§&£EEﬁ$A‘%Tiega¥r8ﬁ the respective
positions up to the other partition line.
[0028]

20 By this constructicn, it is possible to obtain a
rectangular image in which respective pixels in a
rectangular array correspond to positions in an edge image
partitioned by two partition lines at the opposite sides of
and parallel tc an edge line of an object image.

25 [0029]

In the image processing method according to the
present invention, in the conversion step, the edge image
may be converted into a rectangular image composed of pixels
in a rectangular array corresponding to respective positions

30 set at predetermined intervals along the longer one of the
two partition lines at the opposite sides of and parallel to
the edge line of the cobject image of the edge image and
respective positions set at predetermined intervals along
normal lines crthogonal to the partition lines from the

35 respective positions up to the shorter partition line.

[0030]



15 generated beforehand; and the positions in the edge i mage correspondi ng
to the respective pixels of the rectangul ar i mage nay be determ ned using
the conversion table in the conversion step. [0032] 20By this construction,
a smal | -sized conversion table can be constructed since the conversion

table does not relatgal lophe [espective POSLLLANS. ML) he edge.jmmge and
the pixels of the ¥ et angular-rrage,’” but™ T 8165 e respective positions

al ong the omégeamads eintenehe nrédpe?3vedgesibages amd thiee egrelsaga one row
of the rectapgulay Jmage gorgesponding Lo 5aeh; of ald, Lhe hasitions set on
the normal TThes passing throug ese poSrtions. a resul't, the capacity
of a nenorypfotestmrineg theeconlerslicny thbl éosaer e educbd. t89[ 0033] The

present ”Véﬁﬁﬂ}dns 13128 é£€f§fo%itr% %g.e' gﬁg@ Bﬁarogee.sshgg el H0d.
conprisi'ng an i'mage obtaining step of° obtalnfFng arr i'nage to be processed
partitionedchyvemsograriatbeh pactanguwm iinege armbesscbmiermsirenpskels of 35
converting iggp%ggg% Lo be processed into a rectangul ar i mage conposed of
pi xel s in a rectangular array corresponding to respective positions set at

predet erm ne@3Mit erval s al ong one of the two parallel partition |ines of
the i mage to be S d il Lot determ ned

i nterval s al ong ﬁ%?ﬁ%%aﬁgﬁgg 8%?%%%%%%*%F%%?Heéggggiﬁ%{?%EQP%nes fromthe
respectlibve possdritoigiveptiont he airh@mrsjant tebba tékatinfo00B4] By this
constructio iiﬁ i r p Ltd - . r I
partition I%éﬁs égﬁéggo%gEgg?fé%ﬁ%%Fﬁ%ﬁbgégt%%?%ﬁgdP%?E¥ﬁ§g§ ?%$§hich

pi xel s are anagnged paxalseth avrgulzow afr ahe fOOBBlgular imaga t he i nage

P;theis f] 5 “? hg@fé&%o%&%dw el e ANCRRRL b OVEMA L Letd ROPKET SL QM 1 DI €
lines passing through the respective positions may be

15 generated beforehand; and the positicons in the edge image
corresponding to the respective pixels of the rectangular
image may be determined using the conversion table in the
conversion step.

[0032]

20 By this construction, a small-sized conversicn table
can be constructed since the conversion table does not
relate all the respective positions in the edge image and
the pixels of the rectangular image, but relates the
respective positions along the cne partition line in the

25 edge image and the pixels in one row of the rectangular
image corresponding to each of all the pesiticns set on the
normal lines passing through these positions. As a result,
the capacity of a memory for storing the conversion table
can be reduced.

30 [0033]

The present invention is also directed to an image
processing method, comprising an image obtaining step of
obtaining an image to be processed partitioned by two
parallel partition lines; and a conversion step of

35 converting the image to be processed into a rectangular

image composed of pixels in a rectangular array

9



15 respective positions along the partition line in the inmage to be
processed and pixels in one row of the rectangul ar i nage corresponding to
each of all the positions set on the normal |ines passing through the
respective positions my be generated beforehand; and the positions in the

i mage to be 0 d.co dj_Nn . r egti [ t he
rectangularcgﬁgggxﬁgéigétge%éﬁﬁgﬁggkhgfﬁgtﬁﬁgsc%%géﬁéﬁﬁﬁdggéﬁé§?%éthe
conver si on stiegrvdl3033pnByobdi sf chrstiwac phoallal speatti-tsicned iveavef si on
table 25 ¢ e. copstructe ' ' tahl.g . S t_relate al

t he respecflpk\l/%lﬁ%a %gnggi§r§%%&%aggﬁpﬁ%%é8%§%9?% pfﬁ@gggoﬁg?h%{

rect angul arpredayesriimedr ehbtegalhelegpeoctingtd poxs icondhogiooad thetlome
partitiqn |} j he . ecl L.xe j.n. one. row.o he
rectanggiarbgﬁz#ﬁﬁgéﬁégggeg%%ﬁg?ﬁgqgg&gggﬁbéf$§5#9¥%e ﬁ s?%i%%é set on the
nor mal | i nesthpasstargithroughne hese positions. As a result, the capacity of
a nmenory f0£0¢§§ying t he conversion table can be reduced. [0037] 35The
present invention is further directed to an i mage processing devi ce,
conprising an i neigje WeE genagruntiod,oran dapper tagearpiamEpsesft a surface of

an obj ect ; Pci%rn%‘aeﬁg' E?o U;%}éafl%ﬁ ;@)r QEeS8LAY) FH LARLYN 8d b{ﬂﬁ%’r@é’& ai ned
by the i mage capturing unit, grein the processing unit 1 ncludes inmage

obt ai nilg nears & erectbngibhéngimagd magehtichbplige s cusssedangpdesem ed by

pi xel - based, gray, ¥al.yes 939 including a surface i mage of the object; edge

i mge speci?ylng Shs “For Specifying an i mage including an edge |ine of

t he object 8¢F#¥Hce inmage set in the inage to be processed and | ocated in an

area wi th a pr edeferfinad yedbhod0.dihef lkhea LanoRiiioganahcto the edge

line as an edge inage; con Ion nean or converting the edge inmage into
a rect angul Bresaerage nwietnthianwi atderegurisvahehablie rdl@tgmadsher mi ned wi dth; and

e HSSCEEA TRRnsc Lot 8 |9LA 00p RAECLL B0 O0nLyl TROELBEgCESS! o on
plurality ofopgidirocgssadgend ipixeldi dacphenroy tdfogdwalrecéangwialt h direction
of the rEthﬁgﬂg %kaQEESnd££5“¥H each of all the positions set on the
normal lines passing through the respective positions may be
generated beforehand; and the positions in the image to be
20 processed corresponding to the respective pixels of the
rectangular image may be determined using the conversion
table in the conversion step.
[0036]
By this construction, a small-sized conversion table
25 can be constructed since the conversicn table does not
relate all the respective positions in the edge image and
the pixels of the rectangular image, but relates the
respective positions along the one partiticn line in the
edge image and the pixels in one row of the rectangular
30 image corresponding tc each of all the positions set on the
normal lines passing through these positions. As a result,
the capacity of a memory for storing the conversion table
can be reduced.
[0037]
35 The present invention is further directed to an image

processing device, comprising an image capturing unit for

10



By this construction, a processing unit converts the 20 edge i mge
including the edge line of the object surface imge set in the inage to be
processed and |located in the area with the predetermined width in the
direction orthogonal to the edge line into the rectangular inmage with the

wi dth equivalent _to the.predeterm ned w.dth, an S.perfar t he
one- di nensi Sﬁ%@ﬂ%gr’pﬁg‘(@ggs?ﬁga osr%u%ﬁecer 8?t%ﬁgﬁ%:§er0tpn€é§ ?3 successi vely
process t hepgoayssbalquesmiof foheppbassadiingy aotaptwetd iamagengetained Hey

direction orthogonal to,the width of .the.re [.Jd:nage. .Since the gray
val ues of t#&epﬁ“uar%ﬁ AT LBE X Jtslc’arwrhaer]fééa }c‘;}trllgtk%e <~(ielsrgé'crfq?i grr}l 0 orthogonal
to the w dt indiudet iinagef obhaimitd arguisafor nelgea aries woceézgsgeely pr ocessed

in the e-di nensi opal i mage C ing_ r t angul ar i nage,
t he rect%;ngﬁf%e?Sr%%éepgegggE‘gésg?BE%%#%r %géége%%lq{é%téggi %ggti on along a
strai ght | i hectotirespordirfigee oindme edgehki nejoft t @S igbgect surface

i mage. [0039 s The.-image pr sLNng. | C i he
present inv ?'f%@lﬁ]ﬁ({/ are hgcr)rc rﬁ)(%fgé%%mg/gr%rgg%%n%ecﬁglﬁghgnégnégq%r
gener ati ng hipe ocessed cbdgeti smgiadsy limager set yimorheerimiagg thebeect angul ar

e e POpp S T RRL DR 1l ROSBaPLOERSS LRALLALREG 4 heoon | ot
an image in the~or ginal "area’ [ §y thi's coristruction, the processed
edge i rnHge is geherattédnbyrihversel cocsheeetfagl it aseenangdkaimigige t hat
10 the one-dinensi.onal _inmag r ' h b far ipto the inmage
in the ori g??\rgfe Area. ﬁ%eﬁ?ﬁe&%ﬁée-sﬂ&q%gnglﬁ%ngﬁgé prrl%g% prqglggsgi ng is

per formed onethengectrangabarwinmge vildthhegdivettntortcaltéiwg t he straight |ine

correspondin t ge.l.ipne set . h i e d.mage as descri bed
above, 15 t%ge%%oecje?@?%% géégﬂi rr%b&e ) gtgi §5§B%§§%nn€g¢efsae%y fégﬁverti ng the
rect angul ar pénfgeniritat the-dieent s amabei pageedrioge i Kehas been

perfor IS

o ! S SR AT, e e TR el g o3y emy
a plurality of pixels arranged in a direction orthogonal to
a width direction of the rectangular image.
[0038]
By this construction, a processing unit converts the
20 edge image including the edge line of the object surface
image set in the image to be processed and located in the
area with the predetermined width in the direction
orthogonal to the edge line into the rectangular image with
the width equivalent tc the predetermined width, and
25 performs the one-dimensicnal image processing on the
rectangular image to successively process the gray values of
the plurality of pixels arranged in the direction orthogonal
to the width of the rectangular image. Since the gray wvalues
of the plurality of pixels arranged in the direction
30 orthogonal tc the width direction of the rectangular image
are successively processed in the one-dimensional image
processing performed on the rectangular image, the
rectangular image is successively processed in the direction
along a straight line corresponding to the edge line of the
35 object surface image.
[0039]
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In the i mage processing device according to the present invention, the
conversion neans nmay include position conversion neans for obtaining a
position in the edge image corresponding to each pixel of the rectangul ar

i mge; and 25 neans for determining the gray value of the pixel of the

rect angul ar inageTcorres onding to each obtainedd?ositiq:é nf%@%n dge i mage
based on the gray Val P IPESFRLRY V& PiSe PSR R Buge'S mEGe =" 0042]
30By this conséfitidn ezy tfhetpeocess mgeuintveabe atasvd e quogietnenfon t he
edge i mage correspondi ng _to each pixel. caonstituting the rect | ar i mage
and det er mi A% H %VQFﬁﬁsﬁ? %ﬁ%ﬁ;ﬁ%@@ﬁ %V tHhe® %ﬁ%%ﬂﬁﬁJVE?@?ﬁ%ge
correspondi apet pecaahyudbiraii nede post it hien chhededgesiorege ibaged on the gray
35 valu of the respective pi.xels in the edge..i e. [L0043] . . The
“mage. proceREPHET VT 68 E0HR FISTH HETS B oHE TR0 S P2k  her
conprise a stesage unit for storing a conversion table indicating the

posi tions i? Byﬁkedge i mge corresponding to the respective pixels of the
rect angul ar % ge; and the position conversion neans nay obtain the
positions in the Bdgehigragastenrespondilng trocekeedespeetimagepiivel s of the

rectangul ar i mage using.the_conversion.t.abl [ 0044] By _t hi, n ction,
t he positioﬁ%n? a?ﬁgk@gdgvﬁﬁﬁa 15 es oﬁ ?nggﬁ%é%Qanﬁééﬁgﬁgi§%£%ixe|s
i n the rkct angubas-dimegeicaal bimapr eompreskingobdéaiveth iperifhempdotessi ng

unit since % e processing unit_obtains the.positions in.the edge | mage
correspondi getgm%gnee ll’neécpgc i:\l/%lrﬁ)?ge $%n neéer é:c%a?l)aﬁl gr ?rrlralge usi ng the
conver si on iabfe staresding thepdSfatemdage thet re¢0thilar imagel int he i mage
processi ng vi ce accor di to the present.inventi g} [ e gapturing
i ¢y capitr e B OPe st AL Ao A e bRieps dae St o
waf er; the @8génhges ofsttaiim ngpemeanschayunfded nimmye megeesncibed ngbeavesur f ace
| mge ofs t he, sem conduet g pal efas, e amge 1ouhe. i peessed: she edge
I mage speci ylﬂﬁ neans nay-sSpecify an entirefor partial 1nhage ina
ri ng- shapedthe eeeaticriyud apr édegerrhated-hel dnk-dimensfiorect iipager t hogonal to a
ci roul ar 25 L pe, al.ong, an edge, of (e oeul gandustor, 1l ep, sHghace | mge as
t he edge i nage; an he™i nVvér se ‘conver si on neans may generaté~a processed
edge i mage blytairwet $al pecdnyming ran tiregeeotrangss ang iatege that etdhe
one-di mensi opal | e Qcessing. has .heen perfornmed into an entire or
parti al inag%n?rpﬁﬁgieB% 3?F§iﬁ% E%%%dg§%§ﬁed area. [0046]
20 [0041]
In the image processing device according to the

present invention, the conversion means may include position

conversion means for obtaining a position in the edge image

corresponding to each pixel of the rectangular image; and

25 means for determining the gray value of the pixel of the
rectangular image corresponding to each obtained position in
the edge image based on the gray values of respective pixels
in the edge image.

[0042]

30 By this construction, the processing unit obtains the
position in the edge image corresponding to each pixel
constituting the rectangular image and determines the gray
value of the pixel of the rectangular image corresponding to
each obtained position in the edge image based on the gray

35 values of the respective pixels in the edge image.

[0043]

12



By this construction, the processing unit can obtain a processed edge imge
by successively perfornlng an image processing on an entire or partial
image in a ring-shaped 35 area, which is set along an edge of a di sk-shaped
sem conductor wafer surface image and includes a circular 1|ine,

substantially in audi 1egtd QNRLang.he ol reul . Ling [ 04T] Jtpe | mmge

processi ng devi ce accor resen nventi he edt ge I nag
speci fyi ng nBaﬁstnmyIﬁﬂsﬁkcthyranompmlsﬂaaostpaageamnitnﬂpx|staalngng shaped

area wth a h@é&f&—?% %Hggﬁﬂﬂ%g %g&@?%ﬁssjfr? 1 % ﬁh&&g! ar |ine
and a second pr ede er mnea er Si of the circular”line as
the edge irnagereﬁpmnﬁﬂngamsythhlsesmﬁmﬂuuﬁﬂpuanlsevéntmé readangullar |ine

preci sel y W&SQ&“%&’H‘ tef}%ggogﬂt’i‘o @I%Pé}%%% Fne&’f'%é% 1-1%(5_‘13'1 \gRge is not

set, the processing uni an specify an'entire or imege in a
ri ng- shapedpasehiéomyam dbleyetigel Lmlagfg Ctdme@@ged@ﬁgtm ts*emr@@paatme waf er

surface | BT 85 SOk eqge Lo LHBge, - [ hesing thd NSN3, Loyention is

further dir ed to an 1 mage processin evi c conprising an | nage
capturing umP€44br capturing an i mage of a surface of an object; and a 20

brocessing uni t fgy pIACessing, A:¢apt U dJImaeHalt g nad: by,dhg,bage

capt uri ng unit, rein processi ng uni't 1 nc es | nmage nrng neans
for obtel ni agrassporaliadt @obehpro@mvgapweilanem e twtpagallael

partition 1 ﬂ;g&%féé)rmk}ehﬁoqf@péﬂgﬁl r@&%m@'&d BOE‘P{@%% JEARS uh

converting t 5 1nmge to b essed 'into a rectangular |nage conposed
of pixels iaiace émeamglﬂcassangawnbbqué:mﬁdthg p@sx@spm:tmv@hpogdge ons set

at predeterghgﬁgé%§%§£%ﬁ%ﬁig opg éﬁgafg= %Q%1%$D fggfét gllnes of the

i mage to be pr respective positions Bet at pre term ned

i nterval s akFeptpBDlor mukgki nesnoritlvogonykeredon healpls tdtcizend Ehnkkefrom t he
respectjge 99§£$QQQEuHP to the other partition line. [0050] The

i mage processing device according to the present invention may further
conprise a $P@tage unit for storing a

In the image processing device according to the
present invention, the image capturing unit may capture an
image of a surface of a disk~-shaped semiconductor wafer; the

20 1image obtaining means may obtain an image including a
surface image of the semiconductor wafer as the image to be
processed; the edge image specifying means may specify an
entire or partial image in a ring-shaped area with a
predetermined width in a direction orthogonal to a circular

25 line along an edge of the semiconductor wafer surface image
as the edge image; and the inverse conversion means may
generate a processed edge image by inversely converting the
rectangular image that the one-dimensional image processing
has been performed into an entire or partial image in the

30 original ring-shaped area.

[0046]

By this construction, the processing unit can cbtain a
processed edge image by successively performing an image
processing on an entire or partial image in a ring-shaped

35 area, which is set along an edge of a disk-shaped

semiconductor wafer surface image and includes a circular

13



35 conversion table relating the respective positions along the partition
line in the imge to be processed and pixels in one row of the rectangul ar
i mge corresponding to each of all the positions set on the normal |ines
passi ng through the respective positions; and the conversi on neans nay

i nclude a neans for,_deter.m ning_ the,positions.in. t ig’gaj.g to.
processed gg%rr]%épsounbdgi ﬁél%tl(%h? eg?e%p%lc e|C\}:elof)1i %Plslgo‘?g? he rg%tggngﬁﬁgi i mage
using the cobv£Fkion table. [0051] By this construction, a

smal | -si zed conversi,an t.ahl n constructe i version table
does not 10 rel at £ega etj‘r%léag%eégggg%len o%ﬁ%cgngclgﬁggﬁ%égg%g&}%mge and the
pi xel s of theesact dmgunai onpagee dxdde rislageespthefyaspaertansempgsi ti ons al ong

the one partition line in the e i d.th jxels ow of the
rect angul ar g#%r%bgy Sor reélé:ﬁg%d:gﬁgg‘?%t%%gﬁﬁgggallb %hie)i%qgssﬁﬁp%ﬁigggg on the 15
nor mal | i nesipassifigsthpoeghtehmiregosidthons. aAsiangresuilds ofhsheapacity of
the storage hpli, fon LOCER0.t he- converaion hahls SR be.r eduggd., [ 0052)
The present "invention i’s Urtherdirécted to a surface i nspection

devi ce, conpidlsiaf @Ere icdegeleapt imé regp uihiet efige ta@dew i ng an i mage of a
surface of g@ogﬁ'/ect; and a processing unit for detecting a defect on the
obj ect surface processing a captured i mage obtained by the inmage
capturiify unit, whergiis tdeasprocesshngeuan tifi acktddeslamalgens25 obt ai ni ng

means for o LNl [ r S - ' - based
gray val uesggﬁ%ﬂléﬁ% %%ﬁtr‘fg? gsségf%%%gio%age%%gl{; ﬁg&%@fé&?{!ﬁ %ggh?%‘é@é
speci fyi ng impags fomopeeit yEhg mredamged noitdéay spewdge ahi aptofet he
obj ect surface i in.the j t e C . l: 0 in an
area with aggr%éd{e]t?%relmiﬁ‘égewl%t% ]%n %esé]la ee?t Fgégoﬁ‘a%glona(} tlglg?ﬁg‘g% ge line
as an edge thagedosoivéahei samheemiudtor cedeesr sinfptdhelnedgge asnagesiige o a
rectangy ariﬁg{ﬁge with a width equivalent to the predeterm ned width; first
i mage processing neans for perform ng a one-di nensi onal

[0045]

The present invention is further directed to an image
processing device, comprising an image capturing unit for
capturing an image of a surface cof an object; and a

20 processing unit for processing a captured image obtained by
the image capturing unit, wherein the processing unit
includes image obtaining means for obtaining an image to be
processed partitioned by two parallel partition lines from
the captured image; and conversion means for converting the

25 1image to be processed into a rectangular image composed of
pixels in a rectangular array corresponding to respective
positions set at predetermined intervals along one of the
two partition lines of the image to be processed and
respective positions set at predetermined intervals along

30 normal lines orthogonal to the partition lines from the
respective positions up to the other partition line.

[0050]

The image processing device according to the present
invention may further comprise a storage unit for storing a

35 conversion table relating the respective positions along the

partition line in the image to be processed and pixels in
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35 i mage processing on the rectangul ar image to successively process the
gray values of a plurality of pixels arranged in a direction orthogonal to
a wdth direction of the rectangul ar inmage; inverse conversion neans for
generating a processed edge inage by inversely converting t he rectangul ar

i mage that the one- ? nsi on e .pr.ocessi ng_has Jee fornmed into
an i mage i n"the Ori% HEF 5?%§?n%gﬁgh %Bﬁg Sopr%%%gth %ﬁhﬁggﬁ ok generating
a processedahhithd mﬁ@ﬁtbynpesébr@nruhaanbmmadlhemss(paﬁsﬂnmaghrpughe55|ng on

a main inag obt ai n e excl di ng, the e image fromt [ect surface
i mge to su es§?¥§¥: 5%088?% %%Eggﬁgf-g %uggnV$ Ea ] a%%aﬁgyy of

t wo- dinenS|DmEﬂquaa'm@agedfprx@etermmmin@etbetps$E£ndqalum rhansmboe

speci fyi ef e art .in the processed e_li and t roeessed nain
Thage. 0053 B i B ResHs e her T oR R P S Ry Yo RUaR Y PRe 15 edge
i mge |ncIuﬂh@grédﬁan@@Qerlnmag@fusﬂng’ahpecbnser$rmmaﬁabd@e set in the inmge
to be procefiﬁgbﬁnd | ocated in the area with the predetermned width in the

0

direction o nal to the edge line into the rectangular imge with the
wi dt h equi val ent By)uﬂms mmedetetnimmxiaMSMEh; ande@Ocperdmrimsn thble

one- di nmensi 8§§| St[%lh%fgg?Sl n ura t%};)%g%%ggg}flﬂble%gst 80§UCCESSI vel y

process the gray val ues o I xelsTarranged 1n the
di rectildn or¢hegormll tthet hespedtive)fpdsheioestamgmfh@recigmgmag& ac@ the.gray

val ues of tﬁedpl ur sito\f ?L?pkégéés an & %‘gﬁén 1515‘1? xdélaef;%t' QR.25 orthogonal

to the width difection o he"fec nhge  are succe55|vely processed
in the one- deﬂ@ﬂsuoﬁapobmagen@r@bnsswm@ peefpmrMmtxnntﬂnaereotahgular i mge,

t he rectang e C veI c e b n along a
strai ght |%%&%or pgh |§§8t§£%%e e ge |§§§o ffﬂg;g%cgg| géégurface

i mage. [005ﬂ¢age corrBspondihe pr omessiodgalhi thgeperidtienst ketpeoncessed edge
one_di st ST Hgg S Pasells i Mo LTS T ohs Ao nge i n

t he ori gi natharempacSityceft hiee oneedigrensiion&br i slegeiny dbes sonyepeidror med on

t he rectangyég{ image i s _pracgssed in the direction along the straight
line in the Tect angular “rmage corresponding to the edge |ine of the object

surface |nag@0®%]descr|bed above, the processed edge inage obtained by

inversely convertjng the rectangilar, ifmege that ENE.AN8 to a surface

20 inspection device, comprising an image capturing unit for
capturing an image of a surface of an object; and a
processing unit for detecting a defect on the object surface
by processing a captured image obtained by the image
capturing unit, wherein the processing unit includes image

25 obtaining means for cbtaining an image to be processed
represented by pixel-based gray values and including a
surface image of the object; edge image specifying means for
specifying an image including an edge line of the ocbject
surface image set in the image to be processed and located

30 in an area with a predetermined width in a direction
orthogonal to the edge line as an edge image; conversion
means for converting the edge image into a rectangular image
with a width equivalent to the predetermined width; first
image processing means for performing a one-dimensional

35 image processing on the rectangular image to successively

process the gray values of a plurality of pixels arranged in

15



5 di nensi onal inmage processing has been perforned is substantially an inage
successively processed in the direction along the edge |ine of the object
surface image. [0055] Further, the processing unit generates the processed
10 main i nmage by perform ng the two-dinmensional imge processing on the
mai n i mage Qb&f%£@@<9¥or¥%|“d'ng tgaaaggﬁ nage Ercgng object surface

i mage to successively proce gray va ues of “the P urallty of

t wo- d|nen5|oeeiéwgw%mmagedep|xaVsrseuubnM@msnbnemeam@ fef eenepacingnat he 15

processed e |n |na .. [ 0056
descri bed agggeégggﬁé% mggg df par |sy5888V %ﬁﬁ%éﬁhéi?ﬁgtgaaﬁf?%age and

the main |na@eg®fUHﬁet®b|eoe élméMHanamagmagbrpad@easmmﬁgsedbedefect parts
can be re uat I O_in er th Obj u [ 0057]
In the gﬁrfgggflnsﬁgc¥rén he%ﬁ%ﬁéag%g¥l O& §6§$% gfrese Opﬁvé%$§on and

accordi ng tpre¢@ﬂsmnbﬂHkanscaptug@ﬁgx&ﬂlngnageroteSBedHMamﬁe1mhga dy sk- shaped

sem conduct g t r|n ete g a defect
on the sem§é é?%FP%b%éo Q%? ace e pr Eé@%%%gﬂﬂ qi%'%%%Hinage

obt ai ni ng nemwgernhtaﬂﬂealhyaﬁxclmgﬁngrnﬂeuddgg anage flacen itiegebéct he

seni conduct gr,, 5t 08, biBOS. 101G Bracesset, 11,0000, LRge gpeci ¥l ng
means may Specl y an G entire or parti Irmage in i ng-shaped area with

a predétler nphexkh Witdt lofi fiwa- dLm@mﬂ1qnahiwthmgeng¢dtpnx5ha.r@mhadeféoe al ong an
edge of theg r t e ge; the
\ rs‘%ﬁ%%g%e%s"‘@éf eraatfgﬁ%g' qagsrast 5‘% £dge 1,08

i nverse con ans rocessed ‘edge ‘1 mage by inversely
converting prmceﬁﬁadyﬂdaﬁgmmagelmm@dﬂmhatochese@emahnnﬂmaq@nal i mge
processi ng E@@ en performed into an entire or partial image in the
original ring-shaped area; and the second i nage processi ng nmeans nay
generate a procesiedhis wonshgechioperd @uucegsthe wwo- diayegitenghei mage

d f th
e conduct ety 1neTRAENd il MR AL U GRATIEEETROR o Pon,
def ect partsnage sspfedif tbd bmc];mtmtueepppceess@obrgﬂg@qartagelnbt}aqe ned by
Success\ Vel XrRPrlOlTAd PREILIBOR RILCERERNG | fhd A iEh! on 10

subst anti al | on |rcu ar Tine on the entire or partlal image in the
ri ng- shapedosrliezgdnad! ¢di hjet d@geikigw dntbi hee seectdrgng arhémedgevbth t he

di sk- shapedtﬁ@rq) pergé%ar@ﬁﬁrtaugﬁ AEeCLEROS AN W1 JARS Bhgcessed i

i mage obt ai ned rmng the two-di mensional 1mge processing on the
20 performs the one-dimensional image processing on the

rectangular image to successively process the gray values of
the plurality of pixels arranged in the direction orthogonal
to the width of the rectangular image. Since the gray values
of the plurality of pixels arranged in the direction
25 orthogonal to the width direction of the rectangular image
are successively processed in the one-dimensional image
processing performed on the rectangular image, the
rectangular image is successively processed in the direction
along a straight line corresponding to the edge line of the
30 object surface image.
[0054]

Then, the processing unit generates the processed edge
image by inversely converting the rectangular image that the
one-dimensional image processing has been performed into the

35 1image in the original area. Since the one-dimensional image

processing performed on the rectangular image is processed
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15 main i mage obtai ned by excluding the edge image fromthe sem conduct or
waf er surface inmage. Thus, defect parts can be nore accurately inspected
over the entire surface of the sem conductor wafer. EFFECTS OF THE

| NVENTI ON 20[ 0059] According to the inage processi ng nmet hods and devi ces of
the present ,invention, an edge i e itncl.ug\i ng.an edg&lirré%tof an gbj ect
surface i magB SPeciHistCH ARCTHaYE 13 BePFotdlsetl | S Cdvertdd fhto a
rect angul ar iinaggecarnk sppoanieng2bo dilre gigendlinemafetps adegsitngursaper f oLnmed
on this rectangul ar |nage i nce gr val ues of .a_ plur.al.i i xels
arranged i n™4? 'raesctclieosﬁ’%&})feﬁoa%%‘é‘%’t eapvﬁogteﬁsﬁfiree(g Efol?iha tog)téagréé angul ar

i mage are shgcesstnelly poovessengithd hearraegdil aensnayalthammgbéeporoeessi ng on

the 30 rectagngul ar i e, the_rectangul.ar image .qne- di mensi onal
i mage pr5gceg%ﬁ%ﬁsh%%aq‘gggﬁgﬁepf?ﬁ%se%l rhraess%g’ﬁ sp%%ﬁ%#%}lerr&%e obt ai ned by
successi vel yupstdrorialiy an inage grossssivedyi pracessattironhal ong t he edge

| ine of the object surface. inmage, .1 nv Ly gonvert | th cessed 35
rect angul ardilr %;tel,orl1 talioélgpg}slgi %ﬁ%e t%%/)lneeasol%{ 3%8b?§1' %an&%ﬂn}%gcee fe[ﬁlg%gf he i nage
processi ng hé85heen properly perfornmed in the area of the edge part of the

obj ect surface i ... BRI DESCRI PT] ON OF . DRA 0060] FI G
1is a side vi ewngﬁgwenrg t%'hﬁé3 g?rggg?ﬁlr%g of 1&: gengg%%%s%ﬁeurﬁrtoﬁeﬁsgdsurface
i nspecti®on devncendgyr yepectndutigrthwmftecsdimensionalFli@ag2 is a front view

show ng t he ructure of .the hani sm unRi_t. i e r Lnsp ion
device for %%%%%\ldjuqctoglr t\%\lﬁf rél?sr,q %ﬂs olk'% a:”;”sleg %?a%’?%%@%%w’ltﬂ% g&é% ate of
scanni ng a $eageahducttbie waf ect ssuffaoe bypagecanesacaesddivel@DprkPaessensor)

FIG 4 1s a.plogk Jiagram ghow 09, A, SO0k rSY§beMddhsionally
arranged pixels, and specifies the defect part in the
15 processed edge image and the processed main image.
{0056]

As described above, since the defect part is specified
with the edge image and the main image of the object surface
image already processed, defect parts can be more accurately

20 inspected over the entire object surface.
[0057]

In the surface inspection device according to the
present invention and according to claim 14 for capturing an
image of a surface of a disk-shaped semiconductor wafer by

25 the image capturing unit and detecting a defect on the
semiconductor wafer surface by the processing unit, the
image obtaining means may obtain an image including a
surface image of the semiconductor wafer as the image to be
processed; the edge image specifying means may specify an

30 entire or partial image in a ring-shaped area with a
predetermined width in a direction orthogonal to a circular
line along an edge of the semiconductor wafer surface image
as the edge image; the inverse conversion means may generate
a processed edge image by inversely converting the

35 rectangular image that the one-dimensional image processing

has been performed into an entire or partial image in the
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the surface inspection device for sem conductor wafers, 15FIG 5 is a flow
chart showi ng the procedure of a registration process, FIG 6A is a diagram
showi ng an exanple of a captured inage, FIG 6B is a diagram
showi ng an exanple of a position-20 corrected captured inage, FI G
6C is a di agramshowi,n a state where a circular lLine is set on.an edge of
a waf er surPac@PahgeT9r30ap5Ht 8Fed i e erPECoRY| YIS ST 4R ng a
ringhshapedm@égé.ﬁ&yiguﬂdﬂﬁt@gaapr@mﬁgsédImaiafimhgeWBiqweﬁﬁuﬂmmmg thage set
in the captured image, FI.G, 8 is a diagram show ng a pixel configuration of
& rect angul &OT FHBE T TG TERS R PrEgE o PhelPi T b nili SPEa" (Bdge

I mage) shoubg becTomver tudek, edGEl nade | Sran dihagkaim stredudigra wadkat | onshi p
bet ween %he edge i mage specified in the captured i mage and the rectangul ar

i mage obt ai ABG B¢ ting the edge i mage, FIG 10A is a di agram

showi ng the[edge]image in a state where a normal line NL is set at an
arbitrary angle 35 pasition Q. FLG 10R 18 hagr amenh argadly sehgni ng an
in the processed edge image obtained by successively
performing the image processing in the direction
10 substantially along the circular line on the entire or
partial image in the ring-shaped area including the circular
line set along the edge of the disk-shaped semiconductor
wafer surface image and in the processed main image obtained
by performing the two-dimensional image processing on the
15 main image obtained by excluding the edge image from the
semiconductor wafer surface image. Thus, defect parts can be
more accurately inspected over the entire surface of the
semiconductor wafer.
EFFECTS OF THE INVENTION
20 [0059]

According to the image processing methods and devices
of the present invention, an edge image including an edge
line of an object surface image specified in an image to be
processed is converted into a rectangular image and a one-

25 dimensional image processing is performed on this
rectangular image. Since gray values of a plurality of
pixels arranged in a direction orthogonal to a width
direction of the rectangular image are successively
processed in the one-dimensional image processing on the

30 rectangular image, the rectangular image that the one-
dimensicnal image processing has been performed corresponds
to an image obtained by successively performing an image
processing in a direction along the edge line of the cbject
surface image. By inversely converting the processed

35 rectangular image, it is possible to easily obtain an image

that the image processing has been properly performed in the
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FIG 11A is a diagramenlargedly show ng positions set on the outer

peri pheral edge of the edge image, FIG 11B is a diagram

showi ng positions set on the 5 normal line NL, FIG 12 is a diagram
enl argedly showi ng the positions set on the normal line NL, FI G

13 is tabl es_show a relationshi et r LV jxels of the

rect angul araF%%gc\é% g%c? Egg{at %%g %#nge tﬁ%@gggﬁ?%%%’ﬁna%e& FIG 14 is a

t abl e show RBIEKN RESORIBTION OFfDRMAINGSh contents of a conversion table,

FIG 15 is ﬁ 9@5@ ram showi ng a rel ati onshi p between t he rectangul ar

i mge and a nage in a ring-shaped area 15 (edge image) obtained by

inversely convertFig. theisr ecsadguiaev i shageing the stri¢@re i @ a flow chart
Sou 09 4 henBLOSEA ¢l 30 LNSRECLON REGERIAN device for. LG o ator”

di agram’show g an exanpl € of a capture i mage of a sem conductor wafer
to be inspesteidgonductor wBif&rsl7B is a di agram showi ng an exanpl e of a

posi ti on- cor rect edr €apf Wed I¢BAS. vioy chawing FhG stfudtu dimgram show ng
a relationship between an edge | nmage specn‘ll &di'h the captured image and a
rect angul arm@shamege wiitainethéyseofams tinsgechéordipy icmder FIG 19
is a diagr a%ﬁfggg&%t%rr %%tfgggul ar i mage before a one-di nensional inmage
processi ng and a rectangular Thage after the one-di mensi onal inmage
processithg, FIG PRUGi s3 dxdizagiagrahosionwirg relsaeteonshi pcdutimsed 30 t he

processed r i n e i e gisned by
i nversely cg(%\%}g?%%{tt%g%%?%gegggff éé;c%?;%ggﬁgrgglgr%g%g (adrszj?5 . FIG 21
i s a di agrasespomi ng an exanple of a wafer surface i mage showi ng detected

defects. 35 MODE FIR GARRYLNG, GUE Jflfgéé}l}/@}%%g[ 90634t ro1 system in

the surface inspection device for semiconductor wafers,

15 FIG. 5 is a flow chart showing the procedure of a
registration process,

FIG. 6A is a diagram showing an example of a captured
image,

FIG. 6B is a diagram showing an example of a position-

20 corrected captured image,

FIG. 6C is a diagram showing a state where a circular
line is set on an edge of a wafer surface image in a
captured image,

FIG. 7 is a diagram showing a ring-shaped area

25 including an edge line of the wafer surface image set in the
captured image,

FIG. 8 is a diagram showing a pixel configuration of a
rectangular image into which an image in the ring-shaped
area (edge image) should be converted,

30 FIG. 9 is a diagram showing a relaticnship between the
edge image specified in the captured image and the
rectangular image obtained by converting the edge image,

FIG. 10A is a diagram showing the edge image in a
state where a normal line NIL is set at an arbitrary angle

35 position 0O,

FIG. 10B is a diagram enlargedly showing an angle
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Herei nafter, an enbodi nent of the present invention is described with
reference to the drawi ngs. [0062] An image processing device in which an

i mge 5 processing in accordance with an inage processi ng net hod accordi ng
to the present invention is perforned is, for exanple, constructed in a
surface inspection_dgvice @oor sem.conduct or wafers. A nechanismunit of
this surfact®Peepeetd oh®deli && FiCcoh®ructed as shown in FIGS. 1 and 2. 10
Note that FIGS. 1Famd Rlraries a 8ideramesmbardeallfyr shbwinewshicwiong ke

construction_ of, this mechanismunit 0 In.FIGS. 1 and 2, this
surface i ns%réc'%kil%nc%eevri ggrilﬁg%ﬁgse%ge[bé%g%léﬁ °df3 "% riage 60 and a
shifting 15 nechaRiGm /AR drse apridegdad showihe pasetHong peet iculthel y see FI G
1). The shi E%hﬂgl nlﬁicha%ilsm 70 includes a stage 71 and the carriage 60 can
nove bacﬁ< an ort n(ermvérrents inalateral direction in FIG 1, direction
per pendi cul ar to Fh&. plane af dEbGra®)gniardcdid ysshgeind tye selditrionsi ng. The
20 shifti ngsggcgrzli&ismg(% a&sgihnc‘{]#{des a driving unit 72 with a notor, a
gear nechani Sm an }%eheol Re, g e stage 71 is nade novable in a
direction (I ateraFI@i rkttisotabiell SioRindgia eetlebnonshhpdortatesro t he pl ane

of FIG 1) onal _t. [ direction_of .the carri y

sel f-runni ngé%}é&?tfﬁvge ’95& rﬁl‘s\r}?ﬁgg%%ilfe ngflgs&i}nage Al ﬁg%gggrgpgg%f 60 is
provi ded wi the sedagppioratgeng mechani sm 20 for supporting a sem conduct or

waf er (hereinafte rely re d_to as fer),10_to. i.nspect ed,
and this supporti EFIIQG'geﬁc ani s?mE%Bi%r%kjg%‘“gtg %rn\glr%ﬁxgﬁ' l%p%%erlrgtﬁ%r?n%géggf t he
base 50. Theosuppos tifng weckanssom 2ekilrkgl udes a circular table 21 on which
the wafer 10 is t e t., and. suppor.ting | ' are
arranged in a di rg](:: iolflseolrst %oé%%g%l{loﬁg%wemﬁo\% ﬁ%ﬁ#ﬁ%ﬂ%%&wﬁe&g 35

carri age 60thadrsuppantlarhémegbl @n@lan Tiege supporingmgsHaggsl 22aa 22b are

fixed tath ri 6 Al h .nQot _shown i di mechani sm f or
gui di ngﬁt he?%%g%oir‘%q%d ?’E&Eléggfﬂéjbmﬁeﬁsgﬁg %6},%%&5&% encg}el on when the

carri age 60regtampneusliynageyes and a shift gui ding mechani smfor guiding
t he

FIG. 16 is a flow chart showing the procedure of an
inspection process,

FIG. 17A is a diagram showing an example of a captured

20 image of a semiconductor wafer to be inspected,

FIG. 17B is a diagram showing an example of a
position-corrected captured image,

FIG. 18 is a diagram showing a relationship between an
edge image specified in the captured image and a rectangular

25 image obtained by converting the edge image,

FIG. 19 is a diagram showing a rectangular image
before a one-dimensional image processing and a rectangular
image after the one-dimensional image processing,

FIG. 20 is a diagram showing a relationship between

30 the processed rectangular image and a processed edge image
obtained by inversely converting the processed rectangular
image, and

FIG. 21 is a diagram showing an example of a wafer
surface image showing detected defects.

35 MODE FOR CARRYING OUT THE INVENTION
[0061]
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supporting legs 22a, 22b in a direction orthogonal to a 5 self-running
direction of the carriage 60 when the carriage 60 is shifted in this
direction by the shifting mechanism 70 are provided on the upper surface of
t he base 50. [0065] An arched frame 55 is provided substantially in a 10
central part of the upper surface .of. the base 50 in the self- i
direction of the ¢ %%nﬁgéeéo.a%\%%ﬁﬁ§%?ﬁﬂ% 9%36§?a%%ﬁf?ﬁ%m%ﬂgFaEgggd?gposed
subst ant i aldgsdambkedcedthate pardnaf tichithef daaeilmds. Further, an illum nation
unit 31 is ghﬁgﬁsed near the di sposed position of the canmera unit 30 on 15
the franme 55. e illumpation unit 31 illum nates a surface of the wafer
10 supported on tAre isuprobtbogs sroodaddvsme?@nnekicy deliowgehe frame 55.

[ 0066] ._The_canera.unit 30.includes a |i S g. linear
50 0ch Prrag SR RACaH B 4] T age B0 et ang Bt St er 10
support ed omcadelisuppor thagornesdraniisme?@inovies eecomdiedgite &onovenent of
the carriage 60Q., Specifical as sho in F . th r nit 30
captures anTIRE HEoLRE BRI o1 it FALEo6F THESEHST T5YR0Epart or i ng
scanni ng f osenZriducesr P8OETS. | A ReChaBisiiurstt af &hshi $trfaydial position

Psi., the camera.unit 30.scan he rface_of f 0 ov specified
wi dt h (corr%é%%ﬁﬁﬁﬁ%? F%v%ﬁé %ﬁ%?ﬁ“%%cfﬁé ?n%ﬁgﬁlgghggg 'i% %ﬁ%?%éction Si
when t H® caiotaghab0 FioBesliand disrecki enddl vidhemd @arfmony atew he shift

initial posjtion Psl i |l eted, t r 60 is.shifted to a shift
posi tion Pségé¢?%§ %iFe%?ﬁ%gaﬁg%vn%ﬁghgﬁﬁgtﬁéggﬁ%% aﬁ?%ﬁ%”?O. Subsequent |y,
at the shif{Opagliti on Ps2, the canmera unit 30 35 scans the wafer 10 in a

Girection %2 (oPpgpIdied o3¢ athy SGlLN ek WhERuN 8] Ligge,e0 Moves 0 @
posi ti on PsPnékudzenpl beed, 56 hearshra icagei160ei 60 fand Reshifting
15 mechanism 70 are provided in the base 50 (particularly see
FIG. 1). The shifting mechanism 70 includes a stage 71 and
the carriage 60 can move back and forth (movements in a
lateral direction in FIG. 1, direction perpendicular to the
plane of FIG. 2)) on the stage 71 by self-running. The
20 shifting mechanism 70 also includes a driving unit 72 with a
motor, a gear mechanism and the like, and the stage 71 is
made movable in a direction (lateral direction in FIG. 2,
direction orthogonal to the plane of FIG. 1) orthogonal to a
moving direction of the carriage 60 by self-running by this
25 driving unit 72.
[0064]

The carriage 60 is provided with a supporting
mechanism 20 for supporting a semiconductor wafer
(hereinafter, merely referred to as a wafer) 10 to be

30 inspected, and this supporting mechanism 20 projects from
the upper surface of the base 50. The supporting mechanism
20 includes a circular table 21 on which the wafer 10 is to
be set, and two supporting legs 22a, 22b which are arranged
in a direction orthogonal to the moving direction of the

35 carriage 60 and support the table 21. These supporting legs
22a, 22b are fixed to the carriage 60. Although not shown, a
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shifted to a shift position Ps3 in the direction B by the shifting
mechani sm 70. Then, at the shift position Ps3, the 5 canera unit 30 scans
the wafer 10 in the direction Si when the carriage 60 noves in the
direction Al. Wen scanning at the shift position Ps3 is conpleted, the

carriage is _further shifted to a shift ition P t he i fLLng
rechantsm 78T mettehif E3s b s A0, RhSRarE e 2% 4R % he 10
waf er in theéndilkecidvimgS2ivhenidmevtcar thageabfiapy ed) iautichemdusbgti on A2.

In this way h r Lt 30.scans the.sur e of .t he. wafer 10 four
times for am?‘lt’eré a&‘%ﬂ%h\%ﬁ%cﬂg%%len%a{r?eﬁh}a%éggoffsg ?lglpdela{]t%e§ y shifted in the
di recti on Bshypdheirshilegsng2aech@niisma7 @iwkct eomovitigpdusel andaforth in the
15 directio \l - ni I I r nit 30
capt ur oo anshag SR O g1Ee et LD el S o BB MR, B8 ERTE o8 s

i mage signab@.ig 00B8ted in this divkddmir by shstem Ofincheeshrhase 70

i nspection i 1.5;.20 ¢cO r i I 4. 0069] I n
FIG 4, a p%g%egg%\}nlgde%fjg ?%%) ?éézegﬁdv%sz%%%ggfs?%%aﬁsef rsgrh the canera unit
30 descri befi0@fmive and processes the image signals as information

representing a Z%E%Jc%%% ifg_gﬂg Qg {%gbé’é%{]igl%dl%b%%ﬁ%i\’aﬁl@oqw gl unit 120

is connected to t'he processSing unit contr rivi‘'ng of a noving
mechanildm 26éntrel ydimg off hehe anppeageswBFaardof heheHidsd g dechhai sm 70

descri bed a 3 r. the | of .th Skhg ynj : eration
unit 111 anggifdt:{gjgﬁgf ggrggﬁ&iffé:rhg ;%Fg%?%%%néedg't eg F%m%ﬁ% lf)ﬁrg’tonccc%@si ng
unit 100. Upared ebeinwend as dpepetdcdmubisgaatistbm ithe egetaslopatmit 111
operated by, USAl o, LA BEOCARARA INLE 1D0LRALLALES KAE! QUS: Processes
based on thi's operation Signal. €' processing unit T80 causes t he di spl ay
unit 112 toddépppeal neari bhs Abspieask oot tiinfiophathorcagsh apitaddiony t he

the varsr 10 bae il ton oge a4t SNGhE &t Rad by procacsy aaet Phdra: Foo Gt
a process fof tdet ecifiengl8 defeettayd arhéhsustipperiving meahahesnl1dOi s
descri bed. moving below the frame 55.
[0066]
The camera unit 30 includes a line sensor (e.g. linear
20 CCD image sensor) and captures an image of the surface of
the wafer 10 supported on the supporting mechanism 20 moved
according to a movement of the carriage 60. Specifically, as
shown in FIG. 3, the camera unit 30 captures an image of the
entire surface of the wafer 10 by performing scanning four
25 times.
[0067]
In FIG. 3, first at a shift initial position Psl, the
camera unit 30 scans the surface of the wafer 10 over a
specified width (corresponding to the length of the line
30 sensor) in a direction S1 when the carriage 60 moves in a
direction Al. When scanning at the shift initial position
Psl is completed, the carriage €0 is shifted to a shift
position Ps2 in a direction B by the shifting mechanism 70.
Subsequently, at the shift position Ps2, the camera unit 30
35 scans the wafer 10 in a direction S2 (opposite to the

direction S1) when the carriage 60 moves in a direction A2
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5[ 0071] First, a process relating to registration of various pieces
of information on an i nage processing of the surface image of the wafer 10
(registration process) is performed. [0072] 10An image of the surface of

the wafer 10 as a representative of wafers to be inspected is captured by

th it 30inth hani it FIGS. 1 d.th
or acessi ng HPPS300 Thiitcr BRGFabkor e UPERaPE TR o REnay ot it

ra unit 30
perfornms thpopiot®@ssPdn iacecongdasced wtthe tdaeribgpr 6Ceturfairgthewn in FIG 5.

[ 0073] ln_ F 5, the, _processin i.t 0 converts i e signals
successi vel ?%%)’T:é iGéeod F I’S&}ﬁ]%{:hgoﬁhwe?%gelf‘:#]tl%%glen@%rercﬁrﬁgoen ?&1?’3 gg%r esent ed
by pi xel - baskdfgtiy nwadhaed sand0 20 Thlehai as Bhe agitifiteghoisitgeni hed udiheg a
waf er suyrface inage .(data) representi e.entjre, surface t waf er 10
he an | MhgectBUBE B cele SAaCS S Tt Eaptur Ba P et el T o PR e wa er
surface i maghei saremstco@@dmoneanin nege disrmtyofindl . skiben) scihminglEtai ni ng a
captured i e (J e ta be 2 rocessed) .| .ingludi f.er e i mage
110, for eﬁﬁ%l %hlng%q ps%&\ﬁ*opngﬁgds ﬁmqqﬁéceﬁif ogié%s?%%lﬁarﬁg? 1%061?1%%15%20,[ s the
posi ti on of shhétedptaredHifageoksithot hBs4 ney et hve riyf thagedeohaxi £rhoiG .zont al
coordi nate i Y.(vertical .coordj nate axi and. e _i

count ercl ocgﬁﬁ g%i%os i egfjlsﬂi{ﬁio?s%ﬁi.’ I%(%lre gﬁg%ﬁe?glagp%@i |a§r“? gg%r ection is
so perflr nedaféati@a vhet ciedcpaoh $2 Iwhehn tthe wateiagardGeeviesage the i s

positioned i,n_a predetermned directi as_shown_i.n ELG The processing
unit 100 caﬁ%ﬁgcﬁ%l Fspl &Y UMt “fi2 ggedgas%?%/ %‘nlg glgp ﬁggﬁ Jltl?reage I
i ncl udi ng t herpass toorthe3vacorr 8¢t Badimdfieess it ag et immghirit@. whOoT 4]

The user se a circular..line CO (edge |ine,. se ed- . ine) along
2 edge EdgtDf a0 P BOE T Ay TI0T5RL e Clprhrey odgR B
di spl ayed ohh¢hehiftsiplaymechiahidi 270 fvdrilexawplieg bacls owh fiortEl G €816 by

oper at i the 5 operati.on_uynit 111. \Wen pred r.m t erym nation
operatilor% igl]f)ee(r: i.(;ornrrseéﬂdn hiéyosp%lflfat]‘?ué]r?l& it ﬁﬁ%h%sﬁggﬁgg% rtlcfzu ar line CO
set, the prossssi nriini0 t@ptobeésiars imavediodstRe amdrzaqeogift itba ¢Xber Yo) of
a center O he set circular |in ) quently, the processing
unit 100 105‘)@e%%ga%uclcﬁar?esrlvg#Yc%‘f%?&psgrqt“%t%%orsil ﬁ%JZg'CI concentric with the
circular |ime0&x] specified by the radius R and the position (X0, Yo) of the

concent i o i th the B Rt SV FReo bR A ke Ak EH A (BSF 48 shown 1n
g a tadium (R+L as shown in
FI G 20 constructed as shown in FIG. 4
[0069]
In FIG. 4, a processing unit 100 receives image
signals from the camera unit 30 described above and
processes the image signals as information representing a
25 surface image of the wafer 10. A drive control unit 120 is
connected to the processing unit 100 and controls driving of
a moving mechanism 200 including the carriage 60 and the
shifting mechanism 70 described above under the control of
the processing unit 100. An operation unit 111 and a display
30 unit 112 are also connected to the processing unit 100. Upcn
receiving an operation signal from the operation unit 111
operated by a user, the processing unit 100 performs variocus
processes based on this operation signal. The processing
unit 100 causes the display unit 112 to display various
35 pieces of information such as causing the display unit 112

to display a captured image including a surface image of the
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15 7. By this, the processing unit 100 recogni zes a ring-shaped area ELing
partitioned by the inner and outer circular partition lines d, C2 at the
opposite sides of and parallel to the circular Iine CO and having a w dth
LI and a width L2 fromthe circular line CO at an inner side and an outer
side 20 of th er surfacelma 10, .and specifies an.image in the

ri ng-shapedw%f%]é iBRg e OPhém%%%t lﬁé“d Olb%ﬁégeﬁge% % AN e gsénlgnage |E ($4).
Note that L[goL@ are, for exanple, set through the operation of the

operation unit 1(%%%/ ﬁg"‘leé’lr#%g%?eg‘?%f 25 ubsggugg% %’{oréped% Q¢g$sLAg unit

100 generates a u converting the edge
i mge | E i nof hehe iwxfeshdpedsadescHbery i nto a rectangular image IRwith a
wi dth equiv é@ﬁ to the wwdth (L1+L2) (S5). This conversion table (HLUT)
rel ates E Ve positions of 30 the ring-shaped edge inmage | E having an
outer perineter 2R{iR¥,2) (rength oéldtimouiceregistudatopart ivieirapuBi ne C2)

and an inner. erlne | engt.h _of the Cl Ia tion
line d) topb K&t flt3>%rl Pr&ﬁs %: éanagrgllmagengroc‘%%]ﬂq o) i %ﬁengygﬁa{:% a width
equi val ent imagderOuther wdbepet § meteyi 2reRibl) pancedde 1w @Ehrf(vtmecliz) of the
edge i mage L@ﬁ shown in FIG 8. Specifically, as shown in FIG 9,

respective ons of a first edge imge part I1E(1l) in a first angul ar
range (I 0 < 90) Am inkeger idfgthlaaﬁeﬂfmhge)ﬁ lmgewa&arbor‘ﬁl aated to pixels of

a first rectan ular art t..f,0 e first
angul ar 5 rany ?P(Ptdat%vgofg ?f%ﬁ t]%e\geer%a?ﬁegg%éﬁéq}g E?es%e}_ﬁ%?ve

posi ti ons otameseaond é@genl hiag engaranilsi( 2pitn (ses gt éngal ar amghge (900
0 < 180) in_the ring-s aped d S r l.a t i xels
of a secondtkr)%czf ange?-ﬂséLPg %agg partq]aa% )eg\?\ng%% J_rfﬂz% 136&?3'3\/% %ﬁt&tmg the 10
second angud:amerangat(% Pexfd By . tHaurroeessr espwowrmswutbnth%)f athird

edge i ar t a; th gul ar range (180 0 < 270) in the
ri ng-sﬁedg eclm gghol‘"IE ar eki% g%]ed to pixels of a third rectangul ar

i mge part [RQ"BZ) vvlth a length equivalent to the third angular range 15(180

0 < 270) out of t%(‘zﬂ%ﬁ]gth th(R+c|)_ggsSJﬁgfun§%p%?2 (Smgquﬂ ié:%%s&%?\g?g fourth

edge i mage part our range n the
ri ng- shapedsigigel s ragecsEiaeby ssuppldrdy frefiated cangiseind toBOaihbart h

rect angul arlma?ége ar tr§€6g4%?%%g@géi&nqt gag%ﬁ gﬂoﬁ%ﬁl%st hgy20f ourth

angul ar range version tabl e indicates
t he positti oolstaing ke ceggeredugesdE iowluedpgndi wgfen surfacespusgeéve pi xel s

of the rect ?&]gé‘lall)arreipqraé %n!:iRng‘ngné. SerdSE %hggagé éplé}‘pe\/\’%\rafer 10 as an

image to be processed (S1). The captured image including
this wafer surface image is developed on an image memory
(not shown). When obtaining a captured image (image to be

25 processed) I including a wafer surface image 110, for
example, as shown in FIG. 6A, the processing unit 100
corrects the position of the captured image I on the image
memory based on X (horizontal coordinate axis), Y (vertical
coordinate axis) and 6 (angle in a counterclockwise

30 direction) (S2)}. For example, a position cocrrection is so
performed that a notched part Ill of the wafer surface image
I10 is positioned in a predetermined direction as shown in
FIG. 6B. The processing unit 100 causes the display unit 112
to display the captured image I including the position-

35 corrected wafer surface image I10.
[0074]
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25[ 0077] In the ring-shaped edge i mage | E having the outer

peri pheral edge (outer circular partition line C2) and the inner peripheral
edge (inner circular partition line ) as shown in FIGS. 10A and 10B, n
positions Po (X0, Yo), P1 (X, 30Yl), ..F Pn-1 (Xn 1, Yfl-1) are determ ned
at equal intervalgs, 8 lgémrt Ien h basg on, r ti,on gf one é)r xel) al ong
the outer peri phera? d%e S(eods’t “erie ‘_f”ér t| t| 8ﬁlgF| g %2) as shown in
FIG 11A. Ndeehetadotted 2r1¢1E+L21b8g Sut}sch;w@dgl pf mhema;feqarsgirtfak:enes

h f f d h h th
epetts ve. b % Fl4< tt%ea‘s:aggr PES l’?aeqe perdr?lﬁﬁé?g c}leolffé;lzt ou ltsrpr g‘??cult are

respective pos ions P s6t 8
partiti on | bnet C2), aner @p@hrp@enadastmdm ioufFes. pécilphes@d ragdege €Cbat er

circular i and..t he | n err e edge nner circul ar
partiti on I %h& ?Orgrde}%gcect%)lals S hoev\r}n r Efiﬁg 38%\& fJ(‘% r% %&ié > m posi tions
P31A to P3, ¢tpecanidie isetpeatfoenad| ob tlm epealas 168) urbetv\?eb]n warchi mher section A

of the norn@&ﬁ!:rfrgereérr{eo)co S%Eétpﬁe é’esperﬁlgfgreﬁgl 1@&%%&%&&2 gnd an

i ntersection W t'h |nnr perrp edge fe that m =
(LI +L2) /8. Spetifikalrd/a @osshoon (X, FYE dR,a ornthe ﬁocofratthd: iser NL (0),

t he respect | ti.0ns Rl o R3..A sivel

8. cos0) pr n %??9%% elcq%or‘rﬁagsg?’é)y ﬁ@éegigﬁgfihdﬁhe ro é ‘gr on ﬁ%gm t he
posi ti ok P3satstére puiant cArcahabepsetiint [1inea€hi orglctdfre:rp@ wtitB. the
Ve ERREE T HIE CPSRRE LY, RS e BB GE, K afd enel g BEOR 7
above, "the KBspebl | 98 Posiddndes Setndnhahigiedgeadiage ( RELBr errceleat ed to the

I ft I Iy, h
'R G 13, DR e Sl PoiPnLt o PahA arGRy B S () 20 of the

rect angul ar ciinegbag Fllcm?r £éspoddhaging a hﬂ@doumer(prZ) rfrferﬂiov@dge Foat er

posi 1 ons Po- (0 NoFt SRS Vi S Bl e Fo e a it Eher a
edge (out er ateaculiar pparitiomav Hynéh€2) noér tdred @dgerr rmgeul& and n 25
e PR A 9 b sl Sy Rl 81 e
(X0- A(0, Yotavthetoireular line CO and having a width Ll and a width L2

from the circular line CO0 at an inner side and an outer side

20 of the wafer surface image I10, and specifies an image in
the ring-shaped area Eping in the captured image I as an edge
image IE (S4). Note that L1, L2 are, for example, set
through the operation of the operation unit 11 by the user.
[0075]

25 Subsequently, the processing unit 100 generates a
conversion table (HLUT) to be used for converting the edge
image IE in the ring-shaped area Euny into a rectangular
image IR with a width equivalent to the width (L1+L2)} (S5).
This conversion table (HLUT) relates respective positions of

30 the ring-shaped edge image IE having an outer perimeter
2n(R+L2) (length of the outer circular partition line C2)
and an inner perimeter 2m(R-L1) {(length of the inner
circular partition line Cl) to pixels Px of the rectangular
image IR with a length and a width equivalent to the outer

35 perimeter 2n(R+L2) and the width (L1+L2) of the edge image
IE as shown in FIG. 8. Specificalliy, as shown in FIG. 9,
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- (n-1)14(Xn-1-AXn-1, Yn- 1-AYn-1) set at an inner side of the outer

peri pheral edge (outer circular partition line C2) of the edge inage IS by
30 the interval 8. The pixels and the positions are simlarly rel ated
thereafter until n pixels Pxo. to Px(n-1)m arranged al ong a side V(C1) of
the rect angul ar

i,age | R.corresppndi tothelnner | .edge (i nner
circular pafEROTEIETS RESCOIBE et chidss wige PEAGy & BT 480 e
posi t: ons Pﬁm§15(é§9;1m%\>ﬁ0,ra}dgenﬁd‘ms Bo<PM- ih mRX Xtnd-sHheXnedys- 1- I\/AYn-fl)
set along t |nner rt| o]
t he edge |rralgae Eﬁi %&§%ﬁ?ﬁ§dcon rselldo’n ta |eﬂiji€dﬁ‘§) (J:}tlt%sIil #&Q Fi cal
val ues (X0, p¥oe BXQ A\{rl(t)q( XlleN@thAé@;waAeMt) to thd Xnixdstr avigulaAXn-1 r SYn-
5 1) including the coo ts f the res p03|t|ons Po to Pn-1
set al o% tﬁ@g%%tgq Qé E&gl OB g% (tglﬁ erngr F‘ g?@%’l rti%%n 1ine C2) of
t he edge magxapécﬁat\m lzimeslpms‘ssoi Fa<osetcmnlax@d);e {iRxde tmaRXiIM)(20 Pxn-4. to

Px(n-um in_one rowin the wdth regtl ntherectan ul ar |maeIR10
in view of ?ﬁ%orP(ilaeﬁqug'ﬁ%lrﬁna%s&?&be'dg és BhoWh T HEISEAPEE. S BYC usi ng
such a convemsgonlhi alrce s@mwﬂytmmwt pueeposef inrecohd he edge image

£ cort oPoROL AR LS eEpetl v PeLey SXgola Pl e LR 1O

the wdth difec
15( X0- AX0, é’@coﬁkﬁ:fﬂ))ar@éﬂamﬁ\xengé’o{%w&)eaﬂcﬁmgl m | Brdthert heespspetts ve

B L B S e RS s bRy S ol KR et RS

to Pxim) in an ar rar oW | dlre ionare determ ned
to be (X, é(nqula(ﬁ(kahéle (YROAY P, £X2701) A).(,n, tMd- MYd)yshaHDeSE image

IE are related to pixels of a third rectangular image part
IR(3) with a length equivalent to the third angular range
15 (180° £ 8 < 270° out of the length 2m(R+L2), and respective
positions of a fourth edge image part IE(4) in a fourth
angular range (270° <06 < 360°, 0° in the ring-shaped edge
image IE are similarly related to pixels of a fourth
rectangular image part IR(4) with a length equivalent to the
20 fourth angular range (270° < 0 < 360°, 0°).
[0076]

The conversion table indicates the positions of the
edge image IE corresponding to the respective pixels of the
rectangular image IR and is generated as follows.

25 [0077]

In the ring-shaped edge image IE having the outer
peripheral edge (outer circular partition line C2) and the
inner peripheral edge (inner circular partition line Cl) as
shown in FIGS. 10A and 10B, n positions Py (Xo, Yo), P1 (X1,

30 Y1), oy Pp1 (¥n-1, Yp-1) are determined at equal intervals 8
(unit length based on resolution of one pixel) along the
outer peripheral edge (outer circular partition line C2Z) as
shown in FIG. 11A. Note that n = 2rn(R+L2}/6. Subsequently,
when straight lines (hereinafter, referred to as normal

35 1lines) NL (B) passing through the respective positions P; set
on the outer peripheral edge {outer circular partition line
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The conversion table (HLUT) does not relate all the positions set in the
edge image | E and the respective pixels of the rectangular image IR as
shown in FIG 13, but relates the respective positions Po(Xo, Yo) to
Pn-1(Xn-1, Y/ 1-1) along the 25 out er peri pher al edge (outer circular

partition 1kge €2 diithe cfoe i iRo% LE.20d L L 0t eyl @gLthe positions

set on the i'nes “passi ng spec ositions to one row
of the pi xetsrctmlam@amtdtthodl Leoe i G @fnd tiaer éohanges mpheragectiReas shown

in FIG 14. #?H%e bt %%rcﬁg%’ﬁt[ﬁi&? 130 €44 f';yér) s8€"a§e&f%o%% d Fecee

smal | er, capacity a nenor orlng this
tabl e can béOAedlmzedanc{ QQ81]m positions P Bei:eermmg:dJackje tsetFbG efualvhen t he

t dicati, th t f the N | E
cor espondi B TE i He. PESPEELTTR i Mare S b Ra rbotardth & T mgH T Alby ¢ h
rel ationshi pedesirti hde ahowe perigereardt edget k@2 praskssi igtensecloth
gener at es a? t}lﬁ‘léﬁeéos@ YRV LS| QHnéﬂbg%% Ep'ﬂ're@)l e8 géfe' Ynot QoL £at ing the

positions o € rectangular inmage respon e respective
pi xel s 5 of (LheL2de | dpgel filEca13§) . aihehmmpxectm@e pési on ortse agforniag

21t (R1C2) bt O WOl h (BB aS S oR HORT ol EoPer dE et Lo e,
pi xel s idf thblftmgd)}( ddge ( *rﬁicg@sﬂ E)inofant Hednrecgln&i andngyshaped=ar ea ELi ng
with the ouégrn@erl mef f 75§%R+%% nd thgljcnn r %I‘I @E%er ZN(R-L1).

2

Speci fical ly, as sHown |ﬁllf—:f3&t |nv rSs conve7r5| oni tapre'rélates the
respective posilké gred iwnttiRerébeking ddtcapgdhar Bi migeorpanate Rgaduss taf t he

| engt h equi ent_to.the first.angular yange 00<90 t of | engt h
2n( R+L2) to)clﬁ%ﬁ é RSBV EOTE %)?&elasreof%tﬂg &'f | P%t iy Q(Frr%e %arAttYhFE( 1) in
the fi rst angulPJag eramgﬁ (8;-004¢590) in the ring-shaped edge image IS and,
simlar rebgﬁg{s the respective positions in the second rectangul ar inmage
part F%( 2) W he | ength equivalent to the second angular range (90 0 <
180) to 20 the refé@ectasiqreibeﬂxebgvef thre wepesd ivdgeosaigespaet PE(2) in the

second anguial {an08nail 9z 180)ctdtdd el tNE- sRAPEd fAGg] MRoe T E

Further the 1 nv nversion ta e rela respectlve p03|t|ons in
the third ré@@‘aﬁrrgl}ﬂa‘:rr iimage PArshowy( 3 wilGh Bhe Jpesdfhceylyvaeritha® t he

third angul ay ];: e]7f325&1§ 05 O)COOERn_l aHH?lq %?%lg{“ﬁ thek%% Hyhe

respective p|x |rd e ge i mge part angular
range (280 gf<tlzqg)eqt@ngnéar| ngaq&]alp’ewoedgeppn@g@g It dile, Ofd*u'fﬂt-”her rel ates

t he respectjye: i ol f a 4) W th
the 1 ongth 307 20 vl Sap°t o bher oty 85?99“%%‘591&%8%%% 5850 0)' to

t he respect g9@e pinases I@f arherebairech tédq—@el pagetpans HoE(H), iYn) the Fourt h
angul ar rangg (240 Q §.8601009 drk ket PArSHRREN SHlgR 1(BRYE,! S.
circular partition line C2) of the edge image IE, and n
25 pixels Pxg to Pxp-1y1 arranged at an inner side of the side
V({C2) of the rectangular image IR by one pixel are related
to the positions Ppia (Xo-AXy, Yo—-AYp) to Pp-1j1a (Xn-1-AXp-y, Yoo
1-AY,1) set at an inner side of the outer peripheral edge
(outer circular partition line C2) of the edge image IE by
30 the interval é6. The pixels and the positions are similarly
related thereafter until n pixels Pxg, to Px(-1ym arranged
along a side V(Cl) of the rectangular image IR corresponding
to the inner peripheral edge (inner circular partition line
Cl) of the edge image IE are related to the positions Pgm
35 (Xo—mAX,, Yo-mAYg) to Pupoiym (Xn-1-mAXp-;, Yp1-mAY,1) set along

the inner peripheral edge (inner circular partition line C1)
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[ 0082] 35Note that a nmethod for generating this inverse conversion table
(NLUT) is simlar to that for generating the conversion table (HLUT)
descri bed above. [0083] When the conversion table (HLUT) and the

i nverse conversion table (NLUT) are generated, the processing unit 5 100
converts thecedge i gmk,eSEECifiEd in the captured image | including the
waf er surface rnmage 110 Irato the rectangul ar inmage IR using the conversion
tabl e (HLUTYO@W@] further inversely converts the rectangul ar image IR

obtained by the c er si i.nt o i i\t ciginal. ring- ed 10
area Ei ang (edge ?Hrr%gée ‘%)r}sﬁs%%naggﬁée”ﬁg@eﬂr)séfeggﬁ\%grg?@%mt%b% g’a?%%%ﬂ (S7).
Then, t_he c@&,u!’fedlmg&{b)j nmluqifnlg e j_&Yrﬁge..Qb'El(_xji_medrnbM TAbéfg_li, nXer.se
conversion is . [ a .perforns a

pr edet er521 nb)d l?ﬁé&&?%?ntgg %ibgrcoglnlsdﬁge %33?%%%%&0% L%s%gt ﬁggoper ation unit
15 111 unl esssihierss iR BOyPpr cdtemliongt hee captanr gebriiphgeal eiepl ayed on the

di-spl ay uni {112, particyl gék%{#i‘oﬁ 'l%de”%%‘gagﬁ”éhgf%é%e irniag%' $hapgd area

ELi ng. Upon recelving an operatiron signal ed on operat i on of
execut i ng rele spizalisonPike oo tBrenopelfati oo Bt 111, (Rdhe proBessimg i20 unit

100 registegrs.t : r L4 X0, YO0 n i_u r

speci fyi ng %ﬁ% %ﬁ?§§r§$e|Pgékéﬁg?%%ﬂé%ﬁﬁﬁelkg o%%é?ﬁgﬁggﬁéigés%hgﬁmafer
surfaceld nage iy set the desetridmshighclescrihedwhits ds shognf ionFike
circular Ii i ndi. cat | t i ) t | ng- shaped
area 25 ELigg?C?&Lﬂg%ﬁge%ggbﬁb?%bggggEE%H%%gﬁie&ﬁﬁggfsgﬂgogg%ééggﬁéﬁabIe
(NLUT) and mogitiaisarcimthe adea birgd Aéd chyrespduding ttchéhei ng- shaped area
EL,,g from L4 I a e fer s Wgg:Tol 0 ing a
center posi%?%?é%%éﬁg $3fgg%d(gg?gg15§@ Rgﬁlyﬁ%ﬁfgﬁélntg?%éltﬁgﬁ%gy S8) and
fini shes t h@iBectpracdss thehidye egiata difi emepdotessingth tige bperKor riedl, f or

cach et b Al ek el 0 be dnspegt od (A0S L gLl e ger can
| i ne CO andresre@sivig drkstions LOf fidre elhgewahege sl fapw sispagdind Otand
generate the, LoV QR.t gbker & HALD) 8Nek L nes ) YerS8,:G0aver i o) wabl e
row in the width direction are determined to be (¥X;, Y:),
(Xi-AXi, Yi=AY;), .., (¥-mAX; Y;i-mAY;).
20 [0080]

The conversion table (HLUT) does not relate all the
positions set in the edge image IE and the respective pixels
of the rectangular image IR as shown in FIG. 13, but relates
the respective positions Py(Xo, Yo} to Pu-1(Xp-1, Yn-1) along the

25 outer peripheral edge (outer circular partition line C2) in
the edge image IE and the interval A of the positions set on
the normal lines passing through the respective positions to
cne row of the pixels in the width direction of the
rectangular image IR as shown in FIG. 14. Thus, the

30 conversion table (HLUT) can be formed to be smaller, with
the result that the capacity of a memory for storing this
table can be reduced.

[0081]

Referring back to FIG. 5, when the conversion table

35 (HLUT) indicating the positions of the edge image IE

corresponding to the respective pixels of the rectangular

28



(NLUT) again if there is any problemin the captured image |, particularly
in the imge part in the ring-shaped area ELi ng obtai ned through the
conversion and the inverse conversion processes. 5[0085] After the
registration process is finished as described above the surface inspection
devi ce can ec rfac mage. of th rface of
the wafer 16 ?g ERﬁ%%Beéiéglaglga %?ﬁ?rl ﬁd 3%%%?a}%r %P?ﬁ%tf in the
mechani sm utht pseesddiEy uhitol8) gmmbﬁdueqaencessengeLnnnvemyaohhat recei ves
|nage srgnals o canera_unit 30 perf.ar e |n rdance with
E.e r@]ﬁ[ﬁlﬁl ,Gcoi%r.erﬁsé)%fs] 1 c%]ca t%% % ts o%c%?l

procedure s processrng unit 100
converts theechagguﬁaxymMagescheesraqundam@ptpedhérrmmpéutumanpnaeﬂart 30

that capsures el amge gl dhsgsystace 9L Lhe el ar. 100, be.l npnegl ed Tnto

i mage data réepresen i xel ed "gray varues a fains a captured
i mage i ncl udengasgwed e rin@es aRf an:‘ehrt’tmgde(r@aha)andew@@erﬁqmgfatlhetenor r e

Tmge. | nol ulli g RIS r e Ledr PR e e oy ot bt B Ehen Fage. remory
(not shown) arthealatfxditu m@eﬁpma@lgreﬁiuheagmagermedgfhimpgf ﬁﬁmeofsurfigg
|TRge 120; LRE SYAIDLE, ASCSURURLZS. UL O i dfle RLAEeRSLG

corrects the posrtion of" ure e | mage nenory based on
X (horikont ak Rem)dlami ehaxuﬁmer\pémdﬂaralzmme];ﬁ) na’Speafoc)abnd @&s(angl e

s oo port or iRt T a0 ot BReiriaRe s FRRE G P e 120
i's positi onedspacihi e eﬁ:@tlenmnﬁedndth@c&nrrm aadtaheulmaﬁ eimasigr act i nage 120
| posi 1 onyeet[ogtal aLLAL OcA M 38° LIS 3088, sbfle Ui
after this (0° <6 < 90° out of the length 2n(R+1L2) to the respective
15 pixels of the first edge image part IE(1) in the first
angular range (0° £ 0 < 90°) in the ring-shaped edge image IE
and, similarly relates the respective positions in the
second rectangular image part IR(2) with the length
equivalent to the second angular range (90° < 0 < 180°) to
20  the respective pixels of the second edge image part IE(2) in
the second angular range (90° < B < 180° in the ring-shaped
edge image IE. Further, the inverse conversion table relates
the respective positions in the third rectangular image part
IR(3) with the length equivalent to the third angular range
25  {180° £ 8 < 270° out of the length 2n(R+L2) to the
respective pixels of the third edge image part IE(3) in the
third angular range (180° < 0 < 270° in the ring-shaped edge
image IE and, further, relates the respective positions in
the fourth rectangular image part IR(4) with the length
30 equivalent to the fourth angular range (270° £ 6 < 360° 0°)
to the respective pixels of the fourth edge image part IE(4)
in the fourth angular range (270° < 6 < 360°, 0° in the ring-
shaped edge image IE.
[0082]
35 Note that a method for generating this inverse

conversion table (NLUT) is similar to that for generating
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35 position correction is devel oped on the image nenory. Note that, in this
case, a defect part D1 is present on an outer edge part of the wafer
surface image 120. [0087] The processing unit 100 maps an i nspection area
in the position- correct ed waf er surface i mage 120 based on the 5 center

position 0 and the adr for crf i ng the registered
circul ar %g Cfﬁ)ré o e \ﬁagi Scrl%% égl%g the ring-shaped area
ELi ng (813) [0By3this rrappl ng, an i rrage in the r| ng shaped area ELing is

specified as an e and a ul fer _main image
with a 10 radius ‘? q:jaeq “XFﬁsaoBygexﬁ u |ng Eﬁﬁng\q%ed:ge i mge | E)
fromthe ar eanmérsnitm Wai-d e subﬂfabeammmerz(ﬁeds ‘B]p)@CEDfQC&IBSlﬂl@OSB]Lt

Subsequent | t he cessin unl t which is
the i rraSSQ i %OgheorrlrenrgC srsrczlpe%d Fea" % EIICEOrTé% L] nedq'%)11 tﬁ%ﬁﬁéve nmappi ng
into a rect anggd al imdEgelihR ueenrgafdfre amrf\aeresrlmagea:bl(e J(rHIQUT)le(see Fl GS.

13, 14) desgribed bove S14 versr P, ess; itionin
the ring- shapegae%ea}‘r r:rLr'Eln(a ERC%’?lr pond nrlV 0 gg%h{a%:l HL#JQEhQRé

rect angul ar funeiger I:Rw(aeelEI Gongris tfhe steczengblear ruemlag‘er di thtatoeder si on
table (H- entI he gray. val ue _a h 1 n 0 in the
?}E | Sg ers& % ge L2V %& §n Ichg 8r1 q:qfn% %hg%&ﬁ'

edge i mage 3t Al ne termn as a ue o I xel of
t he rect@angakan Eﬂmgéedﬁecmamﬁdhduﬂgngotmenm\mmet Convermcbrhetapﬂa tion in

t he edge Hng]e?.h)E (@}chefhé x%aﬁgg}s: &r orga(#en g Clieldeﬂge,h E t he

gray val ue 1S pi er "det er m 3 ue o e correspondr ng
pi xel in thebtechehdu Mer nrager$eR cd‘mrarrmro,n ru‘s dhﬁﬂ@&id icontha the edge

| mage |S doggonpl, MaHGhshbe Riel, pospLien-tn 4 e elge imas S, the aray

val ue of this érm ne Fhterpol ation process based on
t he gray vabpesatufort g pxeelisisgr reurstinagivhi ssmrthe)rop%mdlphr sngt ay

Fect angul ar FmgBTH Fh0ore e SHIET Hgsh e T e, arPas Tnto the
rect angul ar di spbeyddR doy tet di sphayngartitte 1Paypeat iaslaflyt He tespeodgve
pixels in the fegtangulay I ORIEAR AS Ehe O By HaLugs; #nd &
operation signal based on the operation of executing
registration from the operation unit 111, the processing
20 unit 100 registers the center position O (Xo, Yo) and the
radius (R) for specifying the circular line CO (edge line)
along the edge of the wafer surface image I10 set as
described above, the widths L1, L2 from the circular line CO
indicating the boundary lines (Cl, ) of the ring-shaped area
25 Erings the conversion table (HLUT), the inverse conversion
table (NLUT) and a circular main area obtained by excluding
the ring-shaped area Eping from the circular area of the wafer
surface image I10 and having a center position (X5, Yg) and a
radius (R-L1) in an internal memory (S8} and finishes the
30 process. This registration process can be performed for each
diameter of wafers to be inspected.
[0084]
Note that the user can capture an image of the surface
of the wafer 10, determine the circular line CC0 and the
35 widths L1, L2 for the wafer surface image I10 and generate

the conversion table (HLUT) and the inverse conversion table
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positions in the edge image |IE related by the conversion table (HLUT) in
this way. By this conversion process, as shown in FIG 18, a first edge
image part IE(1) in a first 5 angular range (00 O < 90) in the edge inmage
|E is converted into a first rectangular imge part IR(1) with a length

equi val ent t first | ar r.ange (0.0 < 90) out of the length
iRy Ll gt idhagd Sodie PECHer i Wi, Sre iR sH AT=Pante (900
0 < 180) inptheicumrlylGrshapedmadgeoamade: thei singrshavdd aoeavert,ed into a
second rect | ar i e part 1R(2) with a length.equivalent to.the second
angul ar r angfe}g%b%e% E %ﬁ??‘ tbﬁr Fé%‘)r’?r FEFhird §g(§el?%ﬁ%e part’ TECS) in a
third angul procasges (180 0 < 270) in the ring-shaped edge inage IE is
converted i?68§$119t hird 15 rectangul ar image part IR(3) with a | ength

o

equi val ent third angular range (180 0 < 270) out of the length
2n(R+L2), and a fafr¢eh Edgedagmgeapart pif{esd nsaffiolishéed sasgul ar range (270

0 < 360, 0) 4 j_ma IE 1s.simlarly.conyerted inta_a fourth

rect angul ar d{ergr%%%?ep%?%eoé;ﬁ’l %ﬁﬁ) Swf%cea HnesﬁﬁFﬁlSHm VaEnt“do ltnﬁgef:gu?t h
angul ar rangerf2d® ¢ eaB3B0wabey.10n Bhi Smegsecf aldefsectfapar bf Ddheresent in
t he second [ e re | LS. convert ntp a defect part of the
correspondi ﬁgggﬁcﬁ%or é%%t gﬁag%ét}‘e? nlasgeca Z:Ptr%%Rkﬁ)gh%ﬁaéW Wit 35)R1

Ref erri¥y backthe nddBaniém updh {(ererkidShglt he BeciambhgiHeapriomageih&®, the
processi ng i i e-di nensi onal filterin rocess.to,the
Fect anoul ar kR R 5B RuR0 R A A Te  Fre ejid R RC BRs £ 050

one- di nensi paafoBs fd [grecesg pnozessdarite griay saprecafuachowar get pi xel

i s deternm ned-based on the gray values of the pixels arranged before and
after the target pixel in a direction orthogonal to the width direction of
the rectanglP@8¢image IR i.e. in a direction parallel to a straight line

V(CO (sge FIG Sin%ﬂl%”d‘tﬂ@ pPoe sofriqz%%ti%l 1ﬁhr§8rtn'fe"r sa%%eCﬁFEESépO”d' ng
to the circular line set as the éedge ne ~of e edge image . > By such
a one-di nensigmals fiudoesisnygepy oseys) ical fronesbedcasatanguiltaBli thge |Rp with
the enphasi é&;gt&e se%tn[ %{agﬁ Lg s %unref%ices %C‘&fécﬁééé’r 38 cshoun in FIG 19,
a first processed rectangdlar inmage part | Rp( corresponding to the 5
first angul anspegigel (100c 303ge sdgyenersgiredehtem bhepfialsbasedt gngul ar i mage
part 1R(1) GRISSSRANING ARSI S ANAI AT, 8RO A, 26PN Rlgpessed
rectangul ar Trage part Iﬁp ) correspondin t0 The secon angul ar range
(900 520 <surface image (data) representing the entire surface of the
wafer 10 as an image to be processed (S11). The captured
image including this wafer surface image is developed on the
image memory (not shown). When obtaining a captured image I
including a wafer surface image I20, for example, as shown
25 in FIG. 17A, the processing unit 100 corrects the position
of the captured image I on the image memory based on X
(horizontal coordinate axis), Y (vertical coordinate axis)
and 0 {angle in a counterclockwise direction) (812). For
example, a position correction is so performed that a
3¢ notched part I21 of the wafer surface image 120 is
positicned in a predetermined direction and the wafer
surface image I20 is position-corrected similar to the one
(see FIGS. 5 and 6B) at the time of the registration process
as shown in FIG. 17B, and the captured image I after this
35 position correction is developed on the image memory. Note

that, in this case, a defect part D1 is present on an outer
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1800) is generated fromthe second rectangul ar inmage part 10 | R(2)
corresponding to this angular range, a third processed rectangul ar i mge
part I Rp(3) corresponding to the third angular range (180< 270) is
generated fromthe third rectangular image part IR(3) corresponding to this
angul ar ran and fur h a.fourth processed ctangul ar i mage 15 part

| Rp( 4) corrggﬁ%h%ﬁﬂbci tﬁﬁewﬁgﬁrtﬁPr Ol &Paggngég(270 < 360, 0) is
generated froogthe fourth rectangular inage part | R(4) correspondrng to

t hi s angul ar rangfh?ln t hi s .case ef ect part DRI | nclu

e
second rectangul a ﬁﬁﬁ%xﬁﬁ?PgIEP§§ fg grzeBS%% tl%%érgi é’as chd def ect
part DRlp 2ﬁohﬂti$ﬁ+cnmmendedrﬂaﬁsseﬂuﬁEmEangagarIzmﬁgﬁﬂnhwm ERp(2). [0091]

When th - dj f t I
mage. | { 0 BBFET PHa 18Poledtud Feetangaar tage Rt REDrSIats: g, uni
100 25 invetBeIye@nﬂxﬁkkﬁcﬁheubaDCESEe¢OrenﬁangalmmdMnagd | BB faro an i mage

th I - d EL tab
(Num (stapPerkEi YROE o Shwet a3 Bt ok e hodi i OB B

processed rentamqgéamuWMEgelhﬁmsmapméspmdeaggUaseaeblﬁuxéla$ranrﬁﬁqﬁ)
original rin d area ELrn I Ss_obtained t rse version
ﬂ ?@gdﬁb @lglr?ﬁe ar malrl ré% éya?ﬁ% 6%?{Q$%'% wEQE g

tabl e (NLUT gray val ained position in the
pr ocesskn readamgudFarL]J rmg»btaRped&p@@lmddngnﬁhdeftzeﬁgm(ﬁégeasnazgegﬂ@ val ue

'n the 35 proRBsk PRE Highiar i e TR al TRES HE Y REFoS6E on i n the

processed réeoahgul ar |nage IRp the gray val ue of thls pi xel is

Crea T Iee 22 2 Padsqqlaiadl LhE, SRE4SRRNTAG PIYE cddudAS Thad- Shaped

area ELing. Furth nin rocessed” rectangu i mage | Rp
does not naéd@etimagﬂ)&ﬁ pb$ch|rsrthetﬂmagprooeSBedrImgﬂshﬂm&Haareaage | RE,

the 5 r aIue %gﬁhlé Qo t|o o é§£g%nﬁlf%é ?%Ckgﬁg %46%&5&& process

based o m&?af ues e prxels I's position, and this
gray vaIue B n&imgnﬂne@oaserbeomﬁayﬂmaluéUEﬁ Kheedﬁﬁﬁbsﬁ@mdﬂﬂg pi xel in

the ring- gg%) ?%qegabt%h"gngﬁ%ég[ 0(}%2];1115 con S{Ie l%ro %%ES re&tl(_angul ar inmage

| Rp is conv inthering- rea to obtain a
processed eﬁgeltnagelﬂEpebyidgfshapeﬂrﬂygehemggayIEakuefwmoadchgpt&el in the

ring-shaped géﬁabf%éf“%fa%h@ Qééyéﬁgﬂié% %hm%EeIR (see FIG. 8) is first

20 obtained from the conversion table (HLUT). Subsequently, the
gray value at the obtained position in the edge image IE is
obtained and determined as a gray value of the pixel of the
rectangular image IR corresponding to this position. If the
position in the edge image IE matches the pixel position in

25 the edge image IE, the gray value of this pixel is
determined as a gray value of the corresponding pixel in the
rectangular image IR. Further, if the position in the edge
image IE does not match the pixel position in the edge image
IE, the gray value of this pixel is determined by an

30 interpolation process based on the gray values of the pixels
surrounding this position, and this gray value is determined
as the gray value of the corresponding pixel of the
rectangular image IR.
[0089]

35 The edge image IE is converted into the rectangular

image IR by determining the gray values of the respective
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15 correspondi ng position of the processed rectangular inmage I Rp related by
the inverse conversion table (NLUT). By this inverse conversion process, as
shown in FIG 20, the first processed rectangular inmage part |Rp(1)

corresponding to the first angular range (0 0 < 90) is inversely converted

20|ntoaf|rst roc sede mthesrrean range,
the second Br ocessed Shect ngPﬂaﬁaﬂga% #EFED%E espéln #get he
second angukasit ange J(r90:<he1&61)3e| smagwe]’r&e:le;laﬂ:edvbytéhﬂe |cmirorea:sﬂeoond
processed e

art p(2 same_an uI ar_ran the_third 25
processed rg%Eangul ar mﬁlggE % %"aYRpéa:Y) ?rcé%pon lon %?‘ﬁ@ fhl%d angul ar
range (180 Bhew@70) FEKG.| ri\Berseh‘fyrs’ormhgret edlalgnt paatthﬁ:rh) procegsedtedge
o BERLLe e B TSl 185 200 Tl L e gt
range 30(270o0verB&d, 1rﬁjo ias fiimger sed:tyarcpﬂmr timedgenpara TRUNt wiphoeessed
edge i mage part IEZ(%J% %hg ﬁje‘g%ufe g g In t os 85(2 Ot"Fe def ect
part DRLp predehp RACBT oRESSed PaLPANGARE | raged ariT T R(2) i
an enphasi zedtnafingte i lere@hventRelL2 Nt el dekkeohd padde Dlrr[ag@rrphaSI zed in the
35 second p sed edge inmage Ep(2),4-0 o Referring back
S0 BI G 16 B Ehe T eharrorig SR HF duito e U KadlO s UEE, FRBH above.

t he protesskhgpeai ¢dddOnpeef éEnssasim@ahhyensnuaatecﬂlinter |angep|oodess on an
e NGELEEMLAL THLCoheR OB B4 Sf B St BLAH LR LR 5y ghaped
mappi ng, (seee&Sid3) {r&ular $|aagef ieefl kyg thesamay madu]tﬁzrof aeahbrd asdpet pi xel
is determ ned_based 0 val u s of surroundl o nal |y
arranged pi xBPLe (R r}@lt gﬁtg eTI%l A n g3t e 69% %l% ?n the 10
i mge (waf einnbhe ¥iragehaprdt hégel ImagarlEmasncaneartBy lpxé:tof er nhm_gdsuch a
obt i nel - TheCaar e SRR PEEE R B R A TR e BB R B
i mage. Subsequeailtér;gultaherphgee$$$®1°g<uﬁ|«!; ZLI_IU)COtrblmﬁstlt&demgmhefssed edge
progessed waF o it 408 Frage: thopdcsiaroerhant Thprst g Eeflsthnit 100
perfornms a defiecir dﬂre;et 1(@0pro®ess360°,t 108) gemertat ediger anegs eTE wed er
surface i ma ified based
on a densi tg%%f%ﬁs‘{ %]Q%fteirg%aoﬁ?ﬁpg %Oggggsggégg%%%%%ﬁgg ?)rgrgge | 20p. The
processithg URi(¢) Mrlyendeaygeb eqtﬁmaﬁasmtortwf bhespearfflyiangulhe defiget parts
detected by ect e Llon CEess. i ef.ect information
def ect nurrbé%ké](s’\o(%gb),g %@ﬁe COOFE e aoste’t ﬁe% g?gttp?)lét}td?p&egﬁg‘%of t he
def ect partép the second edge image part IE(2) is converted into a
defect part DR1 of the corresponding second rectangular
image part IR(Z2}.
25 [0080]
Referring back to FIG. 16, upon generating the
rectangular image IR, the processing unit 100 applies a one-
dimensional filtering process to the rectangular image IR to
emphasize defect parts (S15). In this one-dimensional
30 filtering process, the gray value of each target pixel is
determined based on the gray values of the pixels arranged
before and after the target pixel in a direction orthogonal
to the width direction of the rectangular image IR, i.e. in
a direction parallel to a straight line V(C0) (see FIG. 8)
35 extending in a horizontal direction and corresponding to the

circular line CO set as the edge line of the edge image IE.
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25 degrees of flatness of the defect parts, nmgjor and m nor axes of

el lipses approximated to the defect parts, defect classification nunbers
(NO. ), etc.) and stores the defect information together with the processed
waf er surface inmage 120p (S20). Then, the processi ng unit 100 causes the

di splay 30 ynit 12 to dIS | ay, def arts Dl and p specified
by the def e§¥ Tt F‘SB%%%?levéjtl%etrﬁggp?g%%% éﬁlﬁgelgeésu? ace image
120p as shomotamgﬁi]ﬁr ELilnagbloIEp twiath, the Erh;&nas’&ﬂzect hieféeteparmris Dpis
specified o the roc ssed_ed and her defect parts D2p,
D3p 35 and &E)ajar?‘ spgef??l%acagﬁ%’hg pFog %s]er(‘j Etﬁ?e Tgr’ral ng%rrg%e [ 0094]

In the i nagprmmslrm@tpegﬁbaneﬂnage tee twaketl )s urdraeepbnspegtti@rtieevi ce

descri bed abpve, the _edge inag ncI n the cir ne CO al ong the
edge of he WeFlerd W@&ceapﬂﬁgz %Obsf)e ?ﬁn‘?%teé!a% &%Frrage I

(image 5 tofbas'q)rmﬁm@dﬂarsmmgwegatr&d Ier(tL(b thereamrahgw ao thhge IR and

t he one-di men5|f)nalr‘_;m ter |%%(§ cess |SsS 5:3;8% anr tlrljf{ S fe_ltangul ar
i mge IR STREe This G- di iehst ol o1 ering pr CESS |sgpe ormed in the

direction airn@)t bersespogiing itee t¥eCorcond raspdrd rgnte { He° eg Bcal ar |ine
Co 10 set f he ed f t f f th d ed
TEp obtGndd BUTE HUETS it ohreP PG tHE st aesc I B gyl ar | mage

image IEp o
| Rp hauvlilng TRE pnesdtiawprsdongl téithier |a1mggu|¢anceassgep,eraf arhvied phece&ﬂeds

subst anti al I C@glnl el%wégl ngs%r g fSOP} ns%ﬁ-uﬁpﬁ' L Ee%Qgt}p{Ioé:ess al ong

t he 15 edge iHe' o e i MEQ becones possible
to easily o,bxh@uz:mﬁ ll%mg@BQQB()‘DrSDGGSSE“dO‘nge geageat&p)fhavithg therdiltering

process pro rforned there i-n the_ ar e the

waf er surf a’ge ?‘%rlra(guelafﬁfma?@o@%ft %ﬂcecgtr ﬁesﬁ%acgiené %rooe%glg%eggé%lgl

| Ep) havi ngramge fadd,erfmmghprpces&wt&p@mbyepeedoresredartqqrélaeommaget he ar ea of
the ed part of waf er surface e 01 obta ned, the ect part
D p Ig@’a P on %é\‘gged@%mb%?ﬁo E Wg}fl% Stir el 35 c%;oaléo be
precisely detecigd, sohi liar geneféte&lefﬁﬁf et }ﬁaﬁtSh mqntdﬁgmlamdlﬂé@el ocat ed
in the wafe ar@I eéﬂa%% I n% ggdlrl;gio]ecgfs his an%ﬁiéPOP thelgd?kﬁjéé %ﬂl Eis

set to be the inmage’in Frng-'s area ing 1n udlng | ar
line CO as Blﬁ)etdmfmtg@ah:i:nERkein@dedab inatbe secdatedarmggulad imagde

enbodi nent 0f n vent i bove sible to
process a péa)tr]f%gl%&r)m%g %np{}%%l I’el ﬁ%eﬁ’@%‘?%(g %_ detfect%hé‘tjli%\((%glgﬁhﬂismatge | E.
Even i f20an sngehd issecofl pnoobsead Isagrtfaalgelas moige pantCIIIRaffZ 1ine, but an
arbitrary S?Od;ylrve it is also possible to set an edge line along the

When the one-dimensional filtering process is
performed on the rectangular image IR to obtain the
processed rectangular image IRp, the processing unit 100

25 1inversely converts the processed rectangular image IRy into
an image in the original ring-shaped area Eiing using the
inverse conversion table (NLUT) (816). In this inverse
conversion process, the position of the processed
rectangular image IRp corresponding to each pixel in the

30 original ring-shaped area Eyng is obtained from the inverse
conversion table (NLUT). Subsequently, the gray value at the
obtained position in the processed rectangular image IRp is
obtained and determined as a gray value of the corresponding
pixel in the ring-shaped area Eiing. If the position in the

35 processed rectangular image IRp matches the pixel position in

the processed rectangular image IRp, the gray value of this
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curve of the edge and specify an inage in an area with a predeterm ned
width in a direction orthogonal to the edge line as an edge image. In this
case, the edge inmage is converted into a rectangul ar i nage based on a
correspondence between respective positions of the edge imge having the 5

arbitrary cgi%gf:&pa %_and rgsgective i_xels o% %he rectan ubgk i mage, and
a processed rectang earerWrﬁS 2§ nétis el Cofive ff%ac%ﬁeos A rrgge
(processed pilgel i iragele irnghehapediawsda G4ryed Fareaer [ 009 Afhel Gositheni mage
processi ng et fed and device apeording o Lhegpresent, i nyention, t he
one-dinensioné? |§ﬁge processing %er ormed on t K&’ Fel angurar image IR is
not |imtedpirel hodititcar ingthe ooessessHie rentadgnensiorgje IIRpgetipr ocessi ng
i s not rticul limted so long as th ray_val.ues of a 15 plurality of
pi xel s g?raﬁg%%a%%ﬁ¥%éﬂaﬁgé8tP%%l%g?hdﬁbﬁ%Fgfgx?%%]%¥d¥h direction of the
rect angul ar inbegeclR iame psocess shastd) qr atesgedy YO083 dfn thkeperbbsli nent

of he Preseat LOvenld 80:9°Ba0ibed, 20 abovg. ALLGT NG RILEERSRNroa,
rectangul ar "1 nage i 'S 0btaine y per foi m Ag t he "one-di mensi onal i nage
processi ng ésnehaigrensivadak 6F| thee oy pEspoesshgopitdle imedthanguhar i mage IR

converted f e imge | E, the processed rectangular image IRp is
i nversely c%ﬁ%%%@éﬁ?qgﬁﬁﬂﬁérate the processed 25 edge inage | Ep and defects

are detldtted0P®21 he processed edge inmage | Ep (actually, in the combined
| mage) . However, glc &Sce's%eﬁh%eS@éﬁgﬂa only, detgcty ”%oht}gr%ﬁsﬁﬁ‘&?. or
e I mage o be pgb o par

absence of defect parts in t cesse icalrarfy in the
edge i mage tEe immgepriocébsedingeslzagmpd areanige, [tRp chteds 30prmtedsed

the. pr ocess ot cdtutar f e Tralfbothe e Chir SR REtaRTAE SEht red
i mge of thehsemmprhagedr awas efriis ache gramgeralmebetptbeessed in the 35
embodi mant af,, 1 o‘}{oti%g%o%?%?{;‘ﬁié’{‘ tﬁ%sgiri Deds8R0N G LR TRYR5Q PE
processed is not particufarfy Timted s ong-as
related by the inverse conversion table (NLUT). By this
inverse conversion process, as shown in FIG. 20, the first
processed rectangular image part IRp(1)} corresponding to the
first angular range (0° £ 6 < 90°) is inversely converted
20 into a first processed edge image part IEp{l) in the same
angular range, the second processed rectangular image part
IRp(2) corresponding to the second angular range (90° £ B <
180°) is inversely converted into a second processed edge
image part IEp(2) in the same angular range, the third
25 processed rectangular image part IRp(3) corresponding to the
third angular range (180° £ 0 < 270°) is inversely converted
into a third processed edge image part IE:(3) in the same
angular range and, further, the fourth processed rectangular
image part IRp(4) corresponding to the fourth angular range
30 (270° £ 6 < 360° 0° is inversely converted into a fourth
processed edge image part IE;(4) in the same angular range.
In this case, the defect part DR1l; present in the second
processed rectangular image part IRp(2) in an emphasized
manner is converted into a deflect part Dlp emphasized in the
35 second processed edge image part IEp(2).
[0093]
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it includes a surface inmage of a certain object. | NDUSTRI AL APPLI CABI LI TY
[ 0100] 5As described above, the inage processing nethod and device

according to the present invention have an effect of being able to obtain
an i mage having an i mage processing properly perfornmed thereon in an area

br ocessi ng 10 et HEEE BT GrATngE brSeeLs: 17 dov it toF 17 adtssi ng an
obj ect surfacecenmge ader eﬂeg'eedEb;demcxebebasledveg,r a;he/@lmessamnlg anreit
LETTERS O WORERAL 6] FL0TT  SONBNEl O Z0R nor v LG RERHGA S 211 AbRE22a,
22bsupporti ng thg 2r Sdeamenanuatréa 3dbtd umchatli ercindiind Olies eringfr ane
GOcarrlqge Zga hégéé LHEE EE%”éhe area of the wafer surface image 120
obtained by the mapping (see $13) (S17). Specifically, the
gray value of each target pixel is determined based on the
gray values of surrounding two-dimensionally arranged pixels
(e.g. eight pixels surrounding the target pixel} in the
10 image (wafer main image) in the circular main area. By
performing such a two-dimensional filtering process, a
processed wafer main image is obtained. The defect parts are
emphasized in this processed wafer main image. Subsequently,
the processing unit 100 combines the processed edge image IEp
15 and the processed wafer main image to generate a single
processed wafer surface image I20p (S18). Then, the
processing unit 100 performs a defect detection process on
the generated processed wafer surface image I20p (S19). For
example, the defect parts are specified based on a density
20 distribution of the processed wafer surface image I20p. The
processing unit 100 generates information for specifying the
defect parts detected by the defect detection process, 1.e.
defect information (e.g. defect numbers (NO.), center
coordinates of the defect parts, areas of the defect parts,
25 degrees of flatness of the defect parts, major and minor
axes of ellipses approximated to the defect parts, defect
classificaticon numbers (NO.), etc.) and stores the defect
information together with the processed wafer surface image
I20p (S20). Then, the processing unit 100 causes the display
30 unit 112 to display defect parts Dlp, D2Z2p, D3p and Ddp
specified by the defect information together with the
processed wafer surface image I20p as shown in FIG. 21. Note
that, in FIG. 21, the defect part Dlp is specified on the
processed edge image IEp and the other defect parts D2p, D3p
35 and D4p are specified on the processed wafer main image.

[0094]
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71stage 72driving unit 100processing unit 1llloperation unit 30 112di spl ay
unit 120drive control unit 200 noving nmechanism CLAIMS 1. An inage
processi ng net hod, conpri sing: an i mage obtaining step of obtaining
an imge to be processed represented by pixel-based gray values and 5

i ncl udi ng an obje face inage; . . edge .i e specifyi step of
speci fying an inagé ?ﬁ%|%ﬂﬁ%%;p§%céaaé“?i$ﬁ¥<ﬁ %%elgg?g%twéﬁ%ﬁzﬁggﬁgﬁgge set
in the i magenspedbelpr arasseddandriloedtabya; aheaedge windgea I#r edet er mi ned

W OLD B HERSLLAN 14 DOaMaL. | 2 S PUe A0 Lhngads g1 ORI
with a w dt huefadw alnerge 140t hpepi £ikd eimmthed capttihed aivdh g T nAgegpr ocessi ng
ftegfagf erfc8r1%g%&eo&%aé1%@:%@5&9&%"1&@%&p£88€§ W% 0N L8 1p
gul ar 1T mag 0 succesSively process the gray values of a~°plurality of
pi xel s arr aagédths enaidieensonnat t iiogoaing pracesdt bs drextamen oh t he
rectangul ar RO, - 2:nglNG ' TRYGe PIRCCESHAE PRIDOG AckALALRg Lp claim 1,
filtering process is performed in the direction along the
straight line V{(Co)} corresponding to the circular line Co
10 set for the edge of the wafer surface image I20, the
processed edge image IEp obtained by inversely converting the
processed rectangular image IRp having the one-dimensional
filtering process performed thereon is substantially an
image obtained by performing the filtering process along the
15 edge line of the wafer surface image I20. Thus, it becomes
possible to easily obtain the image (processed edge image
IEp;) having the filtering process properly performed thereon
in the area of the edge part of the wafer surface image I20.
[0095]
20 Since the image (processed edge image IEp) having the
filtering process properly performed thereon in the area of
the edge part of the wafer surface image I20 is obtained,
the defect part Dlp located on the edge part of the wafer
surface image I20 can also be precisely detected similar to
25 the defect parts D2p, D3p; and D4p located in the wafer main
image inside.
[0096]
Although the edge image IE is set to be the image in
the ring-shaped area Eing including the circular line CO as
30 the edge line set in the wafer surface image I20 in the
embodiment of the present invention described above, it is
also possible to process a partial image in the ring-shaped
area Epjng as the edge image IE. Even if an edge line of an
object surface is not a circular line, but an arbitrary
35 curve, it is also possible to set an edge line along the

curve of the edge and specify an image in an area with a
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20 further conprising an inverse conversion step of generating a processed
edge i mage by inversely converting the rectangul ar i nage having the

one-di mensi onal image processing performed thereon into an inage in the
original area. 253.The inmage processing nethod according to claim1l or 2,
wherein an Lymge i p, AN Areawth a dirot predetermined i duh inan invard
direction of ‘the © jeé% SiFfFlcd inage‘??onf&ﬁb e 8e 1 ne” angd a-Second

pr edet er mi nédn®gi ai¢ han redgye dotwar d Ioh tadsi oasef thee alyeedinagarface i mage
fromthe edge,30-line i, specttled, o, the adge Limnge 1 n.ihe sdge lmmoe
speci fying Step.” 47 THe iagéeé "proceéssi ng et 6 accord?ngiﬁo ny “oné- of
clains 1 tob8iwaderesapddic veopueisionms sifephenebdgdesmage having thea position

conver sion bt ai_nin osjtion i 5t e i e correspondi ng
to each3%ix§%B§¥9%ﬂ§‘%§5?§h§8?8§ ?%%g§?¥§%§§ve B?xgﬂg %#g$%% of determ ning
t he gray vakeetafiguler pimegie, obnthe pesteasgd aectangel@zoriregpondi ng to each

obt ai ned posj.t] i I e 0 val u f .respective
pi xels in t§§5§§§E;§né§§§é%ggsT%§E?ﬁ§8§%%%%b3€§?§89%%¥ﬁ%%kag%ﬁgﬁﬁngﬁto claim
4, wher ei n: the origmalomuewvsitoareéabl e i ndicating the positions of the edge

i mge correzﬁgggLng to the respective pixels of the rectangular inmage is
gener at ed berorehand; and 10t he positions in the edge i mage correspondi ng

to the ¥especti velpi ket sirgfget peoressamg utetrhddrage deviobtaigmedling ng t he
Conversion Eﬁ%hﬁ%%é%ﬁé“%#@%ﬁkﬁggg €ﬁg“§$é%ﬁ%%eigﬁg?ﬁl imﬁg; 3&0@@@3& ge
processi ng ne according to tlaim?2, erein the Tnverse conversi on step
i ncl udes: performed on the rectangular image IR is not limited to the
filtering process. The one-dimensional image processing is
not particularly limited so long as the gray values of a
15 plurality of pixels arranged in the direction orthogcnal to
the width direction of the rectangular image IR are
successively processed.
[0098]
In the embodiment of the present invention described
20 above, after the processed rectangular image IRp is obtained
by performing the one-dimensional image processing (one-
dimensional filtering process) on the rectangular image IR
converted from the edge image IE, the processed rectangular
image IRp is inversely converted to generate the processed
25 edge image IE; and defects are detected in the processed edge
image IEp (actually, in the combined image). However, such
as in the case of only detecting the presence or absence of
defect parts in the image to be processed, particularly in
the edge image IE, the processed rectangular image IRp needs
30 not be inversely converted and the defect detection process
can be performed on the processed rectangular image IRp.
[0099]
Further, although the captured image of the
semiconductor wafer is the image to be processed in the
35 embodiment of the present invention described above, the

image to be processed is not particularly limited so long as
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15a position inverse conversion step of obtaining a position in the
rectangul ar i mage corresponding to each pixel in the inage in the original
area; and a step of generating the processed edge i nage by determ ning gray
values of the pixels in the image in the 20 original area corresponding to
t he obt ai ned,r |V sitions in t rectangul ar. i mage based on the
gray valuesggffﬁ e‘%%%%b%@ﬁ&%cﬁi%%ﬁ%?fﬁﬁfhgngégﬁdéﬁrﬁgﬁinage havi ng t he
one-di mensi onal i mge processing performed thereon. 7. The

i mage proce 'ﬁgngﬁgh j to claim6, 25 wherein: an inverse

conver si on ?E% ein |2§F?§%R?g%£g%sitions in the rectangul ar inage
correspondi hg1e®] t he respective pixels of the image in the original area is
gener at bef or ehapd;_and, 30 sitjions in the rectanqul.ar jnmage
correspgﬁding to ?ﬁedﬁespégg%ngggkeﬁée2¥m¥ﬁgpfﬁggss%%sﬁwgﬁg¥€gp al inmage
ar e obt ai nedevstagpadvedingetsetbonversirgn inabheiom hdwe posietfifenti afer se
conversion g§ . 8. T i .pr.ocessi ng net hod _according to
ol m 1, C3SRRed e & chiasn il s TTA 0T El i R FRER. Shaped
sem conduct bropedfler peg fobtretntldensornt e iampgech oobheaprases padti nftée | mage
obt ai ni ng sEgh. : ent | I parti i e i.n_a_ri.ng-shaped area
with a predet 2?#%&6%0& I%mlgﬁeia d%ér glcst%lfgﬁ S%t %%g%)rﬁ% o & S%lngcul ar line
al ong ab edgetldd tdrel senivegduptoresmiigr devifactor magedssisgeenfi ed as t he

edge i mage 5Bjég@ §E¥¥3ée”§ﬂggépf@ggégéﬁleﬁtBg'pixel~based gray values

and are suitably applied to a surface inspection device.

EXPLANATIONS OF LETTERS OR NUMERALS

15 [0101]
10 wafer
20 supporting mechanism
21 table
22a, 22b supporting leg
20 30 camera unit
31 illumination unit
50 base
55 frame
60 carriage
25 70 shifting mechanism
71 stage
72 driving unit

100 processing unit
111 operation unit

30 112 display unit
120 drive contrel unit

200 moving mechanism
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9. The image processing nmethod according to claim2, wherein: 10an inage

i ncluding a surface i mage of a di sk-shaped sem conductor wafer is obtained
as the imuge to be processed in the image obtaining step; an entire
or partial inmage in a ring-shaped area with a predetermned width in a
direction o§££3&$nal to a 15 circular line along an edge of the

sem conduct 6f Wafter surface image is specified as the edge image in the
edge i nage speci fyi ng sArepmagedprocessindiengiiodessedpedsEnd nage i s

generated by | nversely, Lonkert] igqthed eq! apaul atol TRoe.Ha Rg e
one- di nensi onal |naé% proce55|%g per for ne ereon in an entire or
parti al i negectasddie repirgsaated ilmg-rshapjettaardagray theeluasvende conver si on

st ep. : ..:1he im o] i . Qd according to claim8 or 9,
wher ei n “an %%%.%%%4§fa8a9953 £i%%§%£¥%la %?ﬁg-shaped 25 area with a first

predet erm ned w ciih exigeanmegrespsciiyiofg tdtepcpfcapacifyimg amd imagecond

predet er m ned. wi dih, af, a0q0uf Sle SIAS 0f LBe.Fi LoUEAL gl Scppegi fied as
t he edge i nage 1 tthé e gg i mage specifying step. 1. "The i mage
processi ng tet hiothege tor bengrocesded mnt] 18Catnkdr €1 rgn iaregh@itbnger si on step,

the edge i ”@?@dééex%%‘é%r h‘i&ﬁgﬁgﬂ&ﬁ%@g%' 8‘£tﬂ1%%gﬁlc%p%8de8 ePixels in

a rectangul array correspon 0 respective i ons Ssét a
pr edet difm nktnhé rekseranalesigel omgoene of two partition |ines at the opposite

sides of and parallgl, Jo the edge Line Qf..the 3§h83éc§§1é iixrgg;%eiﬂ othe edge

i mage and respective positions sSet at predefermned 1nterval's along nor nal

| i nes ort hogertnduwdan heagarwith on Widids efpnovatdret respéet i ve positions up
to the othe it | |.E ) 12. The inmage processing method

accordi ng téF%ﬁ%#%%ﬂE%%thggg?h,a?%lthe conversion step, the edge inmage is 5
converted into a aecimeygubarceaages cormrosdd pet fpimets 4 rere—t ect angul ar

2l ony e | S 1o AR Fc e IR b eie e L e Ges of
and par al | ebuteettigeddgerbeass dfhe waghjvedves nefea aflured igdgeti mage and
pixels arranged in a direction orthogonal to a width
direction of the rectangular image.
2. The image processing method according te claim 1,

20 further comprising an inverse conversion step of generating
a processed edge image by inversely converting the
rectangular image having the one-dimensional image
processing performed thereon intc an image in the original
area.

25 3. The image processing method according to c¢laim 1
or 2, wherein an image in an area with a first predetermined
width in an inward direction of the object surface image
from the edge line and a second predetermined width in an
outward direction of the object surface image from the edge

30 1line is specified as the edge image in the edge image
specifying step.

4. The image processing method according to any one
of claims 1 to 3, wherein the conversion step includes:
a position conversion step of obtaining a position in

35 the edge image corresponding to each pixel of the

rectangular image; and
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10 respective positions set at predeteLm ned intervals along normal |ines
orthogonal to the partition [ines fromthe respective positions up to the
shorter partition |ine. 13. The inmage processing nmethod according to
claim 1l or 12, 15a conversion table relating the respective positions

al ong the partitiqgn e in,the ed e i e _and pixxels_in one raow of the
rect angul ar |nage8co%%és%éng 5 gngcgﬁgf IRy 4) ep8§|£h8n%l§ t he
noLnal I|ne§hpassch@n¢¢Wanuymaghecoeseepdmdmnqumﬁ thohsobisa gener at ed

bef or ehand; h Sitd e ed e e corres ondr to the
respective SrgngQ%ff?ﬁ%“%ec gnéﬁF%% g%%eQE?ﬁrﬁ% g the
conver si on tabpbectihve heixsdsvensicba ed@@ 1mage 14. An |nage processi ng

met hod, ¢onprisin an t .step bt ai ni [ e tp be 25
processed partrtrgned §Q?%@a§§%5¥4E%¥% gtr?? Ogl???%g&giﬁdto nﬁglmagf
conver si on ghepedtf: converting the |nage to be processed into a rectangul ar

i mage conposed of _pL a.r a ar.ary carrespondi 0 respective
positions set at pre %ﬁ%%hﬂa dg&%e?%é -r%%gxbnEOSréf%%F‘%% rallel 30
partition | eAeg dhaghednmegeondibe @mdﬂessedpendlveqmeﬁihyeﬁpmhet|ons set
at predeterniped, al: gn gonal to the partition

l i nes fronr?%e ré%%%%%ﬁ%%%eog?t %#E&%?% %ﬁ ?H f Ié tition line.

15. Thel@ mage protb@smqﬁphmﬂnbodnatheremgg;ﬂmaga aomr65pdmdhwpekethe in the
conversion $t the i tQ:-bg, pr converted into a rectangular

i mge conposegp%? %ﬁﬁn8£ ?%%t%n §§$l§§ra§a%%r?%%ﬁ%) Rk

respective péenglthﬁ;QQ@WeaslpnedebkﬂrmrnedelpbemVa¢s ednne;sube beeger one of
the two partitionglin roocessed _and respectiv
positions set at predg?h %g%r ntg§5%?n85méﬁ%%§éﬁ5P Hn9|ﬁ8 ot
t he partrt|dhe¥¢h@§ﬂﬁ10ﬁWEheere@mﬁﬁnsxna pospt innsudgr 1o the shorter

partitipgn line. g p031fg%n Iﬂéekgégééﬁbé¥é¥%%$%k 8 gthbcgfﬁ%%prdlng to claim

position in the rectangular image corresponding to each

onal to

pixel in the image in the original area; and
a step of generating the processed edge image by
determining gray values of the pixels in the image in the
20  original area corresponding to the obtained respective
positions in the rectangular image based on the gray values
of the respective pixels in the rectangular image having the
one-dimensional image processing performed thereon.
7. The image processing method according to claim 6,
25 wherein:
an inverse conversion table indicating the positions
in the rectangular image corresponding to the respective
pixels of the image in the original area is generated
beforehand; and
30 the positions in the rectangular image corresponding
to the respective pixels of the image in the original image
are obtained using the inverse conversicn table in the
position inverse conversion step.
8. The image processing method according to claim 1,

35 wherein:

an image including a surface image of a disk-shaped
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14 or 15, wherein: a conversion table relating the respective positions 10
along the partition line in the image to be processed and pixels in one row
of the rectangul ar image corresponding to each of all the positions set on
the normal |ines passing through the respective positions is generated

bef hand; d 15th it in.the i b d
Lo the respBel] V8 pioree "B Cnts NG B FHRgE 2 Goths hRei-teing the

conver si on iabtles i imddee cbonveisdg ot at;e@nd 17. An inmage processing
device, conprising: 20Qan image_capturing unit for ca i [ e of a
surface of an obj t?ékﬁﬁf or Pargg%?d%%%giég Sn? n%ogﬁiﬁ%£g§%%nggggcaptured
i mge obt ai aedrdiettdreninedgeidaipt i iagliumict ionherehogdrizd rooeessi ng uni t

i ncl udes: 251 mage. obt.ai ni neans_f or i_ni_ng. 'HQQ processed
repr esent ed“ by~ |§%Ijﬂﬁégggﬁgaﬁnﬁﬁ%ﬁ%§&g%§eiﬁ% ﬂ%ﬁﬁ% a gﬁ& g%g i mge of the
obj ect; edgesuirfmge ispee figi ageaehirsd fagr thpeedfyi hypen imudge edgeudi ng an
edge line o;th§£9QL§§;i%urL§ge image set in 30 the image to be processed
and | ocat ed "% ar Hrea Y '€h %Tedeternined width in a direction orthogonal

to the edge |ine as anleslgeagmgepcessing comdderdsicgmomeang forckaiwet,t i ng

t he edge ingggréftp a rectangular image with a width equivalent to the 35
predet er m ne mﬁd%h; and i mage processing neans for performng a one-
10 an image including a surface image of a disk-shaped

semiconductor wafer is obtained as the image to be processed
in the image obtaining step:;
an entire or partial image in a ring-shaped area with
a predetermined width in a direction orthogonal to a
15 circular line along an edge of the semiconductor wafer
surface image is specified as the edge image in the edge
image specifying step; and
the processed edge image is generated by inversely
converting the rectangular image having the cne-dimensional
20 image processing performed thereon into an entire or partial
image in the original ring-shaped area in the inverse
conversion step.
10. The image processing method according to claim 8
or 9, wherein an entire or partial image in a ring-shaped
25 area with a first predetermined width at an inner side of
the circular line and a second predetermined width at an
outer side of the circular line is specified as the edge
image in the edge image specifying step.
11. The image processing method according to claim 1,
30 wherein, in the conversion step, the edge image is converted
into a rectangular image composed of pixels in a rectangular
array corresponding to respective positions set at
predetermined intervals along one of two partition lines at
the opposite sides of and parallel to the edge line of the
35 object image of the edge image and respective positions set

at predetermined intervals along normal lines orthogonal to
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di mensi onal image processing on the rectangular inmage to successively
process the gray values of a plurality of pixels arranged in a direction
orthogonal to a width direction of the rectangul ar i mage. 518. The i mage
processi ng device according to claim 17, further conprising inverse

conver si on n r.generating a processed edge inmage. by invers
converting Eﬁ% E%%?ﬁ%%ﬂ gﬁﬁeﬁaggowh ?et$ﬁ§9ﬁ?-}%FNBRE?Bh%gsﬂﬁhgg Skécessing
has been pertbemedarnttoican liimege in the original 10area. 19. The image

in the conversion neans

processi ng device,gccorgding.to claiml17.or 18 ere \ _

i ncl udes: %géitighecgﬁﬁg?§F§ﬁeﬁ§éﬂg ?%ﬁh%gh%ﬁQ%rﬁdng EBs?f%H% in the
edge i mage darrespoadingrt adheachnpéexel orofstidpe iﬁlere?i@angndcﬁr ijsmagfa; and
neans f d 1.0L ho. t.he gr ue_ of. the pixel of the rectanqular inmge
correspgidi%%ﬁﬁgkgggﬁué 5ﬁﬁ%§té§ Ff%%w%%ﬁ%qﬂagmgaﬁgdi%gd%”5%§%dgoﬁ the gray
val ues of respeatnfjvbapinelay bnrthep@mMﬁnQ'WHQEBSﬁeaﬁiﬁéepasmnyanﬁr?ees5|ng_
devi ce accordi 1 rther_caonprising a storage. uynit for storing
a conversio%gtgg?%é#%%?%%%gﬁat%ﬁgég%§?CFgﬁg Fnlgﬂgegdagai @ECSWP¢sponding
to the respeertieip Xelresoftt hber eppasigid wddbﬁagéaamMep&maiﬂbhetpOShéhpn t
conver si on ' [ e sjtions dn.the edge inmage corresponding to
t he respect%@gép?§%$§ﬂifkghggﬁgg a%éf %“oﬁ %gﬁeeag?nﬂ“Tﬁ%%%ﬁﬁversion t abl e.
21. The thmgeeppecesst mpsdévne aetatdimpdetechanat 1intevherla along

the i mage c i ng. unjt I| f..a 30, surface of a disk-shaped
seniconductggh&%¥gg% grﬁﬁgégﬁgﬁtg?ﬁ?ﬁb%%%§ﬁ§l8§t%ﬁ?ﬁ?i§PCFH§S$ i ncl udi ng
t he semni condegrettinef eosstiibaseup neyge tas shbetemgeart otimen grioeessed;

13, The image processing method according to claim
11 or 12,
15 a conversion table relating the respective positions

along the partition line in the edge image and pixels in one
row of the rectangular image corresponding to each of all
the positions set on the normal lines passing through the
respective positions is generated beforehand; and
20 the positions in the edge image corresponding to the
respective pixels of the rectangular image are determined
using the conversion table in the conversion step.
14. An image processing method, comprising:
an image obtaining step of obtaining an image to be
25 processed partitioned by two parallel partition lines; and
a conversion step of converting the image to be
processed into a rectangular image composed of pixels in a
rectangular array corresponding to respective positions set
at predetermined intervals along one of the two parallel
30 partition lines of the image to be processed and respective
positions set at predetermined intervals along normal lines
orthogonal to the partition lines from the respective
positions up to the other partition line.
15. The image processing method according to claim
35 14, wherein, in the conversion step, the image to be

processed is converted into a rectangular image compesed of
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t he edge i nmage specifying neans specifies an entire or 35 partial inage in
a ring-shaped area with a predetermined width in a direction orthogonal to
a circular line along an edge of the sem conductor wafer surface inage as
the edge inage; and the inverse conversi on neans generates a processed edge

inage_by iP%ﬁ&??EVD9QPW%&&5%%uEQ% LE& aqgﬂh%% %g%96g5ttr¥%sték ive

one-di nensi onal "I mage processi ng has en perftorned i nto am entire or
partial imgesihithe ot gitngiredehgrshapedirdreearals along 22he Thegerage
s g, PRE 62 A .'b%&?t%ﬁ“?h?%s.é’%‘ec%%! “l‘mE.QS.&S’gE%' es3pgei fying
means specifiés an enti'ré or partial” itagé in a“ring-s éﬁe area with a
first predetetnraspeatidich ratsidncnanset satdemidetkemtned ulmrerhiade and a
second ed ' i dt.h _at i d f . €] [ as the
cdge i mage. 216hd! REGuY Lihel SEENGULEL S Srl phati ELEE LTS 3% 5 m 15
17, wher ei nthherespeerisicoposeansnsony erd Sshehehedgeri pagel tiintro ldneect angul ar
i mage conposed of ,pi xel s, ] n: ; .arr coyr i o.f ective
positions set at %Eédetz?%rﬁgﬁﬁsﬁig&%g%ggﬁﬁ%ﬁg¥gﬁ%{S§%§%§9%§?¥%t?%é$ i nes
at the oppodhtersidesviedfredmd parallel to the edge line of the 20 object

i mage of the edge,i H&Q&Pé&donr e‘c%gﬁ‘ét LY £ PASY t%}h%”?e%?& i yorsoetergined
interval s al ong nornmal Tines or ogona? T'0° the par FEron 1Y Res 11 om t he
respectl@e posigioms perttidithelondern pare iitiage kinee processe2hanihe i mage

processing g?}é%j?g Accarding te chal f%@élréq?ula‘é’“%géé‘ é&egs%%}ﬁ%riﬁi(gopo”?ans
converts the edge Tnmage into a rectangu I'mage conposed of pixelS in a

r ect angul ar earhayt cokk édpopdsngions resipeant ithe posinil ohnesetpaatsing

predet erm n Lnt.er .t he er. 0 rtitiaon Iines at
t he oppositgqg§%%§ 0 gﬁ%%%ggé%ge?é%%gﬁqgf g% §%8e9$F%%q% f%%gé ject imge
of the edgeahstage and respective positions set at predetermned intervals

al ong mal |ine r l. t | tion | the respective
pixelsnﬁi to the E%oréé§¥ﬁ¥§ﬁfiéﬁo%ﬂ§i$ﬁ§&é tcbe b98§%£§§%2 i mage processing
devi ce accordrngspendirm mo35he3respe ivfeuptikel scohptlisimartanguorage uni t

for storing;g,Gonyal et haRks LA I IGLLESPES L MG PAS! thans al ong the
conversion step.
17. An image processing device, comprising:

20 an image capturing unit for capturing an image of a

surface of an object; and

a processing unit for processing a captured image
obtained by the image capturing unit, wherein the processing
unit includes:

25 image obtaining means for obtaining an image to be
processed represented by pixel-based gray values and
including a surface image of the object;

edge image specifying means for specifying an image
including an edge line of the object surface image set in

30 the image to be processed and lccated in an area with a
predetermined width in a direction orthogonal to the edge
line as an edge image;

conversion means for converting the edge image into a
rectangular image with a width equivalent to the

35 predetermined width; and

image processing means for performing a one-
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partition line in the edge i mage and pixels in one row of the rectangul ar
i mage corresponding to each of all the positions set on the normal |ines
passi ng through the respective positions, wherein the conversion unit
includes a 5 unit for determning the positions in the edge inmage

correspondi to_the respective pixels of .the rectangul ar. i mage using the
Conver i on CABFES S B T BPBEESAT g ddin CECBORpIT S HiRe to an
i mge capt usungessitelIpporeapser thg aray negeieaf od 40pswrd Aicey aff an obj ect ;
and .processing uni.t for,.processing.a captured inmage obtai ned by
the i mage cRAEGRTnY G WRePolh T hE Bt SeatorRgatnTe ¢ Herides:

i mge obt ai piimgcheansof datheobtaicangglan immge to be 15 processed partitioned

by two rallel pagptitign lines fromthe captured inage; an .
converston means’ 18 coller PN (e GRS UL Aseeeeanll fe ol in
rect angul ar li/prager cloeposegrobipogxehserse acangetrangul meams riayr cor r espondi ng

to respecti L f]lons set t _predetermmned interval s alqn ne of the
t wo partitié%nggﬁgéﬂﬁgagﬁg%eégﬁg ?@g%éu%¥§g§ sed "ght y%éﬁ%%¥¥ggn§ositions
set at predéher meoeghguitaer vabgeatbay tior made-dinessbondbgiorale t o t he
partition |j t.he, r ecti ositions u t he .ot her . ption
line. 2527. ?%gé?%%g‘} pr oscé)%ég‘gnégaéc\%@%éd‘gggr g‘inngm%%e cjr%it%%g),m%é%%i n the
conversl®n meams converts the inmage to be processed into a rectangul ar

i mage conposed of ;pi xels.in. a re ngular array. caorr ndi n Q..L.espective
posi tions set at %?édeté?%ﬁ%ﬁ%’% %%g?%g?gn%J%ﬁi}?_ %CF§%§g?gd%% %)aﬁfhe two 30
paral | el pait/i broh8/] iviesredh the comgerdicrbeepnecéssbaledard respective

positions set at éggfﬁt.c% 'P'ho’?u%%ris%ﬁrﬁ{é‘éés algngnge o 14 nes, qrithoggnal to
the partition Iinégs Trom the reSpective positions up Yo t'he snort er
partition | ithe. e@& TIedaregerpepersEiNgadericbepagebralf nfied o claim 35 26 to

27, furi@errggggﬁééiggyf%a %Qrggg unit for storing a conversion table

relating the resp I'vé positrons along the partition line in the imge to
be processed and pexes stdm determoniog the gregt andubact | e icerlr e€pondi ng

respecti ve p6Si FTora iy aaIBheS B BraTo ke alE AT 2 eans for
det er m ni ngprhét posiin dis edgehimagadmses be pheceszedaloesesfondi ng to the
respective Qgégégtfgftﬁy;eﬁ%cgﬁngﬂégé%éénﬁmggg§ing t he conversion table. 29.A
surface i nspecti on device, conprising.
20 20 The image processing device according to claim
19, further comprising a storage unit for storing a
conversion table indicating the positions in the edge image
corresponding to the respective pixels of the rectangular
image, wherein the position conversion unit obtains the
25 positions in the edge image corresponding to the respective
pixels of the rectangular image using the conversion table.
21. The image processing device according to claim
17, wherein:
the image capturing unit captures an image of a
30 surface of a disk-shaped semiconductor wafer;
the image obtaining means obtains an image including
the semiconductor wafer surface image as the image to be
processed;
the edge image specifying means specifies an entire or

35 partial image in a ring-shaped area with a predetermined

width in a direction orthogonal to a circular line along an
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an image capturing unit for capturing an inmage of a 10 surface of an

obj ect; and a processing unit for detecting a defect on the object
surface by processing a captured i nage obtained by the inage capturing
unit, wherein the processing unit includes: inmage obtaining neans for

obtai ning an  nage to 15 be processed represented.b i xel -based gray

val ues and Fﬁg?u g %1%§HPF8§8UFE%5éW%#e ﬁ@rgﬁfgcf?géé)as tne e(E%{geedge i mage
speci fyi ng meags; fad speci fying an i mage i ncludi ng an edge line of the

obj ect surface ing%e set in the ina?e to be procesged and located in an
area with a 20 predet BFREd IR TR " &P GREFE M JOTEIC Y6t he edge

| ine as an edge immgebywdnversebp cmarsrtfioxy thaveettargilze ddggel mage into
a rectangul e wth.a wdth ui val ent_to the predeternm ned wdth;

5t rst mogppr Beestid RO faf gt Fhesh a0 B SRS PER P e
processi ng onteé hen readtiargolrapatrtbgle imacsudeeshevetigipradcesngthbagedy val ues
of a pIuraI%£¥ of pixels arranged in a direction orthogonal to a width
direction of the rectangul ar i nage; 30i nverse conversion neans for
generating a proce3sed Bugenagrgerbyessimy stdwiceoaventrding tte aledtangul ar

i mge havi ng-the_one-dinensi.onal | nmage pr.ocessin erfor thereon into an
inage in thglbr§%ﬁ¢%ﬂn’§5§a§dge 1mage9£pé%f%y138 %%%%ﬁufﬁﬁégggeSrggessing
means fldr genkeiat iow rer35apr onesseith abjreciy-shaped earad wiitimge fhysper f or mi ng
a two- di mepsj i r,pcessi ng .on main | e aobt ai excl udi ng
Che edge | nBoe T om TR yEREETEE A DR b8 ST LR Dagess the
gray val uesanfl a gaorad prgdefetminati mergthonal by antrangediepicfetke and

def ect specgi%%§$%§n¥yﬁ% Egraﬁgeg&&gk% é% defect 5 part in the processed

edge i mage an procesSed main°inmage. "30. The surface i nspection device
according to claid3. The image processing device according to claim

15 17, wherein the conversion means converts the edge image
into a rectangular image composed of pixels in a rectangular
array corresponding to respective positions set at
predetermined intervals along one of two partition lines at
the opposite sides of and parallel to the edge line of the

20 object image of the edge image and respective positions set
at predetermined intervals along normal lines orthogonal to
the partition lines from the respective positions up to the
other partition line.

24, The image processing device according to claim

25 11, wherein the conversion means converts the edge image
into a rectangular image composed of pixels in a rectangular
array corresponding to respective positions set at
predetermined intervals along the longer one of the two
partition lines at the opposite sides of and parallel to the

30 edge line of the object image of the edge image and
respective positions set at predetermined intervals along
normal lines orthogonal to the partition lines from the
respective pixels up to the shorter partition line.

25. The image processing device according to claim

35 23 or 24, further comprising a storage unit for storing a

conversion table relating the respective positions along the
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29 for capturing an inmage of a surface of a di sk-shaped sem conductor wafer
by the imge capturing unit and 10 detecting a defect on the sem conductor
waf er surface by the processing unit, wherein: t he i mage obt ai ni ng

means obtains an imge including a surface i nage of the sem conductor wafer

as the img . be pr ssed;, 15t he edge | nmage_specifying neans specifies
an entire o?a%é&%ﬁgﬂ)#¥ﬁ%gggiﬁhé %? %r{#% eégngr égag?hlécﬁF%&gwéP%ined wi dt h
in a directiba vectrogpnalr timagectoxtdspording aboagchameddd ahet he

sem Con.dUCt SSM&{S Sslértf %%ethgarggrn?asl g_hl% %dggsisjr.rggeﬁhr?o({} q’le tihnver S€ .
conver si on ans generates a processe e&be I'mage~ by |n§%rser converting
t he rect angukapedimage demiitngne hewlnrmeeidi robes conabrs hageuprodessiiigs par f or ned

thereon 4 nthf@dfggi&é%é%higﬁﬁéiéﬂei %i%ﬂstmﬁ Qﬂéqu i&h@%—shaped area,

and 25t he second 1 nmage processi ng ans generates a processed nain i mage by
perform ng €herespemdiivansoohhe Fesppciprecessehyg of the mmitangmhge obt ai ned

by excludingmggg &g&ﬁait%%ggogggggiggaEgﬁngonductor waf er surface inmage.
26. An image processing device, comprising:
an image capturing unit for capturing an image of a
10 surface of an object; and
a processing unit for processing a captured image
obtained by the image capturing unit, wherein the processing
unit includes:
image cbtaining means for obtaining an image to be

15 processed partitioned by two parallel partition lines from

the captured image; and

conversion means for converting the image to be
processed into a rectangular image composed of pixels in a
rectangular array corresponding to respective positions set

20  at predetermined intervals along one of the two partition
lines of the image to be processed and respective positions
set at predetermined intervals along normal lines orthogonal
to the partition lines from the respective positions up to
the other partition line.

25 27. The image processing device according to claim
26, wherein the conversion means converts the image to be
processed into a rectangular image composed of pixels in a
rectangular array corresponding to respective positions set
at predetermined intervals along the longer one of the two

30 parallel partition lines of the image to be processed and
respective positions set at predetermined intervals along
normal lines orthogonal to the partition lines from the
respective positions up to the shorter partition line.

28. The image processing device according to claim

35 26 to 27, further comprising a storage unit for storing a

conversion table relating the respective positions along the
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partition line in the image to be processed and pixels in
one row of the rectangular image corresponding to each of
all the positicns set on the normal lines passing through
the respective positions, wherein the conversion means
includes a means for determining the positions in the image
to be processed corresponding to the respective pixels of
the rectangular image using the conversion table.
29. A surface inspection device, comprising:
an image capturing unit for capturing an image of a
surface of an object; and
a processing unit for detecting a defect on the object
surface by processing a captured image obtained by the image
capturing unit, wherein the processing unit includes:
image obtaining means for obtaining an image to
be processed represented by pixel-based gray values and
including a surface image of the object:
edge image specifying means for specifying an
image including an edge line of the object surface image set
in the image to be processed and located in an area with a
predetermined width in a direction orthogonal to the edge
line as an edge image;
conversion means for converting the edge image
into a rectangular image with a width equivalent to the
predetermined width;
first image processing means for performing a
one-dimensional image processing on the rectangular image to
successively process the gray values of a plurality of
pixels arranged in a direction orthogonal to a width
directicn of the rectangular image:
inverse conversion means for generating a
processed edge image by inversely converting the rectangular
image having the one-dimensional image processing performed
thereon into an image in the original area;
second image processing means for generating a
processed object surface main image by performing a two-

dimensional image processing on a main image obtained by
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excluding the edge image from the object surface image to
successively process the gray values of a plurality of two-
dimensionally arranged pixels; and
defect specifying means for specifying a defect

part in the processed edge image and the processed main
image.

30. The surface inspection device according to claim
29 for capturing an image of a surface of a disk-shaped
semiconductor wafer by the image capturing unit and
detecting a defect on the semiconductor wafer surface by the
processing unit, wherein:

the image obtaining means obtains an image including a
surface image of the semiconductor wafer as the image to be
processed;

the edge image specifying means specifies an entire or
partial image in a ring-shaped area with a predetermined
width in a direction orthogonal to a circular line along an
edge of the semiconductor wafer surface image as the edge
image;

the inverse conversion means generates a processed
edge image by inversely converting the rectangular image
having the one-dimensional image processing performed
thereon into an entire or partial image in the original
ring-shaped area; and

the second image processing means generates a
processed main image by performing the two-dimensional image
processing on the main image obtained by excluding the edge

image from the semiconductor wafer surface image.
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