Description TITLE OF THE | NVENTI ON, | mmge Processing Met hod, |nmage
Processing Device and Surface Inspection Device Using the | mage 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 ncludi ng an obj ect surface inmage Pepregettaed by 10 pi xel -based gray

val ues, an a iﬁ&ﬂﬁﬁ%' devi ce using the inmage processing device.
BACKGRCUND&EgI i%gogﬁE ere :%ﬁpbeen proposed a surface inspection device
15 for capturing IargenBgecessias tietacd, olnage objantssand Pespertdnyy defects
on the obj egl-SULS aepbased, on,an oL alped,d mae.( see-palanl ddLerature 1),

In this surface 1 nspéction device, a surface of “an inspec Spéci nen such
as a seh cORPMNTIEALWEIBED a |iquid crystal glass substrate 20 or the like
i s scanned @1l ine sensor and a two-dinensional surface image of an
i nspected s eci&en i s generated based on an imagi ng signal output fromthe
| i ne sensor. Resf¥et prespattsnwintice selébes towge lmegeppoeesssidhand

crc) are AE o R A e S T R PR See S f Tmge havi ng
t he respectimggepantsuping essathjePRl OR: ARTe DOBYVENESrPAFENTD LY TERATURE
30[000§b P%h%%thBESHa&Péﬁ-Jalues, and a surface inspecticn 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). 1In 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
sensor. 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



Japanese Unexam ned Patent Publication No. 2007-147441 SUWARY OF THE

| NVENTI ON PROBLEM TO BE SOLVED BY THE | NVENTI ON 35[ 0004] A filtering
process may be perfornmed to enphasi ze shading of defect parts in an object
surface image as a process perfornmed on the object surface inmage in a
surface i nspadinroridaefectapadescin Fad ohjece. sThiacd idmagei A§ process is for

emphasi 21 g 8Ol &% 3l oRALHe | AR BLXELCL MW i Of saFAYoyal ues of
surroundi ng prxels. 1I'n other words, a two-di nension i mage processing for
successi velipspeotiewsiduyitke agr dysamilhssk abbva .- pl Tria ity tefirgwaerdiaesssi onal |y
arranged pixe ( . _pixe i ur [0 {n i xel hS med on

t he objectkéutggééﬂﬁgﬁégah OFO§S%¥ IR Oﬁo%gggr?ag%ﬁgéﬁ%ﬁé é?:gigglue
suddenly chéngesy betiveesn odn shnnewndime rdfkedn - edge dtihee Fedder iadg®)- and an

outer side g i.ne i L 1. O he

obj ect surggﬁéﬁgﬁﬁgg;%gbﬁgoﬁggﬁ§§%%§ggg§2 ?ﬁéaéﬂggg%gggﬁgg%%hgb%%%ned in
an area of grhy edbeed iafe sbplubelivp-ali fewsidonahsiaagblpraocessedg. [ 0006]
The present..;i nt.i . e ed | i . i t.uation and ains to
provi de anbﬁﬁggg &?@%ﬁ%@?ﬁ%gée%ﬂgdgﬁﬁ3“%3%§?8F%§;%bﬁggie§§ing devi ce
capabl e of pebfaimedgora Yeopbrikyt psocEsyedriaggge in an area of an edge part
of an g@jquoggﬁface i mge, and a surface inspection device using the imge
processi ng device. MEANS FOR SOLVI NG PROBLEM 25[ 0007] The present
invention is dir8eovedetro simdamife progessiun sveldeody comprdssioefwaani nage

obt ai ni ng ghegnﬁéro @ na@diggadﬂﬁxé o epmgsae?n&%q{%%&egi&g
pi xel - based gray values and incfuding an object “surface | mge; an
of the edge line (background image) in an edge part of the
object surface image, a properly processed image cannot 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 PROBLEM
25 [0007]

The present invention is directed to an image
processing method, comprising an image obtaining step of
obtaining 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



30 edge image specifying step of specifying an image including an edge |ine
of the object surface inage set in the inmage to be processed and | ocated in
an area with a predetermined width in a direction orthogonal to the edge
line as an edge inmage; a conversion step of converting the edge inmage into
a 35 rect apgufarnimnge oniet-Hinens ttirlequmegel pnocessirge opr gdet er mi ned wi dt h;
and an !”a%cﬁéﬁg]%ﬁ' %3ROy PELL QU ”grécé’&e'&!é'g'}%go(}é‘tk edTRge
processing on t rectangul ar rnmage to successively process he gray val ues
of a pluraki pyunilpiwelfs paxedngedranyeal dir ecdivecorathegthapotal aan dt h
direction gf .t he,rEiAnguan ¢ RIS e ALOBASL, smaqe By this construction, the
edge i mage 1 ncluding the edge i ne of the OBjeCt surface inmage set in the

i mage t® bdOpPdtessed and | ocated in the area with the predeterm ned wi dth
in the directionggriho 1§, edge. | L ted,jpto the

rect angul ar inHQEQM%@ﬁQt esﬁigfﬁggahiva éﬁp%t%a?%% %@2%%%%1n$h§d wi dt h, and
t he one-di relgsi bhad didade pboeesssumgfdcs papter aed on thse imegeangtaar i mage

to success ay._ V. f t r.al i .pLxel s arranged
n the di r BEPror st TR asar tea 1o Pt et 1Ef P et T 2 C e
the gray valides of tiee dilrecalionyoofhgjorells tar tmgete nikeeidi recti on

or t hogggal Lo, Lhe.yi i diceetipn, ol Lhe,Lect anghl ale Legg are successi vely

processed i n the one-dinensional inage processing perforned on the
rect angul aediaugbsnt He ZOer peedagetminddnwgdihs sudcessionsty processed in

the direct LonoALOG, R i3Eal Bibcblas, ooy eanendiig 4o dhe eflognbing, of e

obj ect surface Inage e lm cessing nethod accordrng to the
present 25imagentd crmanepsiivet ieprecrsy ithe anaynvaelees cgnydesi on step of

gener at i ng,,3,pLoLessad Adae ol TROs, A, |V hSChyEOMS 1 Ng EBA.T el angul ar

i mage haV|ﬁb t he one-di'nensi onal T1Tmage processing perforne thereon into an
i mage 19 t hbeovidimalf aheare80p09UDir Bynaglei. s Towst thiet Doay Tdkigw odessed
edge i mage ;i o Y s S t] i rmge

havi ng T he el s e P ag Er e L D e R kBt P P

i mage in the bheégiidih siegctSpncer tiHe giretagsulapeimiasmalrei nage processi ng

s perfor medconcle.1eehanauban LAPER ighdRendhE Gt PhiRlng the strai ght
pgocessfkg performed on the rectangular image, the

20 rectangular image is successively processed in the direction
along a straight line corresponding to the edge line of the
object surface image.

[0009]

The image processing method according to the present

25 1invention 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 thereon into an image in the original
area.

30 [0010]

By this construction, the processed edge image is
generated by inversely cconverting the rectangular image
having the one-dimensional 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



to the edge Iine of the object surface i mage as descri bed above, the
processed edge i nage obtai ned by inversely converting the rectangul ar i mge
havi ng t he one-di nensi onal image processing performed thereon is
substantially an inmage 5 obtained by perform ng an inmage processing al ong

t he edge |itmetbf edme dbhjnectfstheacke;¢smgarfpoglifage as depgrihedi mage

processi ng od j 0 SREUnLINERUL PNy A LARge 1N an area
wth a firgggkg’pﬁgggggg%%%gg ﬁ?@%hﬂfn an iﬁmarg d?ré%tignqgflthe obj ect
surface i megaverbimd Héredgetbhgelandiragsedeidnpr dat@m@ridiagngi-dedl i n an

outward dir o] I f | I [ y be
apeciT1ed AnoPher e Tne B RO T (A {dinas She e S "Roh12)
By thi sbcombtrigsedory ravdormage &n iheoame@ceasand ablgnd ndkudilag t he edge

of the oquggesggf@ﬁgckgﬁgg gagf9865£§%#§jed as the edge i mage even if the

edge line precisely nmat ng the edg t he object surface image is not
set in 20 tIR@iilldmge to be processed. [0013] In the image processing

method accor di g thoehOe,RIs et bauent! Avndd e eORUEhs A0 Ghep May 1 nel ude

a position conversion ste btaining a position in"the edge 25 inage
cor r espondiprgsept edeVeigibes, ef iLhege ekt any@irgr Whblye2 fibta step of

determ gi ng, Lhe gAY é’dglbu}i%.t?lf éﬁhgnpi%%r@fdi:r%%tigﬁtéf'%ﬂ@robijgﬁge

corresponding to eac talned position In e edge i mage based on the gray

val ues of regpecei eags Xalom ithet hdgedlend magea sef@Td4)redetermipgpdt his
constructi %dthh‘inp&%'édt%lrér'd”dﬁbéc@ﬁ&? S4TRGR cRKEEsPANdNG Ligagach pi xel

constituting the rectangular inmage is obtained and the gray value of the
pi xel of tHeomeshaneddarlingageycber erporidiady asotbacedemtidiased ipositi on in

35 the edged Bad &Ie3; ned Fé ed on the gray values of the respective
pi xels in thégggggé?Qggé.f@Po 1% 2 If the position in the edge i mage
correspondil¥§l€d the pixel of the rectangul ar i mage natches a pi xel

position of the edgenimBgssdherdbay VAL ugnRfe tRetREXghe®fi NG iRb1y _
rectangul ar i mage can be determned as the gray val ue of the correSpondi ng

pi xel of tH&cedgeny nddie. edogr chefhei PLIPRE FOSItEFEN1NAO0% e di§e | nage
correspondip@ b ¢;bhea PiviRl et RagECLANIU R HEMBASE dﬁvﬂ@;p%%cfi@emyt he pi xel
position O;eigﬁigggghérgggz o%h%hgrggjgg%lﬁié?;c%hgmgééeischoéIggtrﬁgtanQU|ar
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 image 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



10 i mage can be determ ned, for exanple, by an interpolation process based
on the gray val ues of pixels surrounding the corresponding position in the
edge imge. [0016] In the inage processing nethod according to the 15
present invention, a conversion table indicating the positions of the edge
i mage correspopying to the respective pixels of the rectangul ar i mrage may
be generated befg%e and; and the pgsiti ns . n the ng;

p Fe %ﬁh

e cor pondi ng
to the respectiv RIS Phe B %ulqaﬁﬁg%oﬁﬁyEﬁgggbga%ﬁeéggo usi ng
t he conver giaaitablihd nedianposit i Do magchieona spiemel 81T ion of By this
construction, the positions in_the edge i e corresponding to the
rgspective%B?xﬁageiﬂmﬁﬁb FBSt8ﬁ@%|%5“%%&62%%§npb%eﬁﬁﬁgt%ﬁick|y obt ai ned
;:Qgﬁsu?ﬁ Fﬁztsgg?gﬁfrﬁma@etbeneﬁgedéi?ﬁyiHQM'agsp@gdﬁn?%walubeofe@pectiEF

ul ar, i re er.m ne in e,conversion table.
Egglg] In Fﬁ§;?ﬁ8@£§%ﬁq§§%§?gﬁg%ng?%?ﬁgE%Giggigg%ﬁgfiﬁffp%gsga figl:;;ntion,

i nver s@og@RYyen si®nisl eplgeaymege | tishereas 0§i to orhd mieedeofo rsion
step of obtakging 2 ﬁositioglin ghe fect%gﬁyla% inqggwggﬁ{%&p Hging to each
pi xel |ndtZ§‘|ﬁﬁ B tgig?eo Fgifaf® ared! @?p§ § g% of generaglng t he
processe ge tiage, efrapnvalng ¢of ayhevgiked of tie mEctehgulart he i nmage
in the1 rigjnal area co re;ggnding to 35 the OBtagQQP QS%Qﬁ%EEX posi tions
in the Y ectdRfl &°"i gﬁ§q§ gedn the GFEPVal 08s2 3 T He respecﬁive pi xel s
in the regiratggkabasemam e ggatyheabies difmpisedaasurmagelipgotbssi ng

performed thereon. [0019] By.this_constructi.on, the positions in the
rectangulaF9§rﬁﬁﬁag&%%?ﬂ%?ﬁ%ﬁ&Pnbntgh?H% ®spective pixels constituting

(0016l
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 beforehand;
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 method 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 to 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

5



the image in the original area are obtained and the gray values of the
pi xel s of the image in the original area corresponding to the obtained
respective positions in the rectangul ar image are determ ned based on the
gray values of 10 the respective pixels in the rectangul ar i mage having the
one- di nensirenabngubge ipaoee daivihgg petd arreditkestomnz]l Eheger ocessed edge
i mage i s generated whic%.is reggesented by the thus determ ned gray val ues
of the resBE%F?%%l%$£EFéC%F@Phe ?ﬂ%ﬁ% in the original area. 15[0020] If the
position indpheirectangul ar i nage corresponding to the pixel of the inmge
in the original area matches a pixel positian.of the rectangul ar.inage, the
gray val ue of thgyp}%ﬁﬁ %Cfnﬁstﬁé’mie 8(9 N t%oeSlonCrlioéllsné %z}eeé:eggﬁngléllﬁﬁ
det er m hied iasgtheograyparaling ob tie woapeepordphge ps xeinsafi tthéngect angul ar
i mage Further, .if the pa%sition.i n thre E{eacteagggggr inaarglet%%rr%g onding to
t he pi xel & etﬁgag%ﬁﬂ% |ﬁafﬁ3g69?bi%§? at'éa vi%?%s tom- t fe gixe
posi ti on ofraflhesr eftangyliaelismafeth¢ hignsgreayinv&haeonigied pirgel of the i mage
25 in the qriginal area.can.he term ned, for._exanple, by.an_jnterpolation
orocess badBa GHETRE ES 4 JAPuREEOT Bl M DS T B AaL He e oF PEspondi ng
posi ti on ofrethengetdangudcs arpradetefiiRl] BGkd bthetheragmypratessiafy nmet hod
accordj g t.9 the present invention, an Jnverse gonyersion.table.indicating
the positions i'n fe recﬁ%ngu ar i mge corr spondlndy?oé%hegrespective
pi xel s of he-dimgesimdlhdmaiegpnatessiea ey fbenganeratssoh .befloe ehand; and
the positiogns in_fhe rect.anagul ar 35 | e r.responding to.the respective
pi xel s of Fﬁgcﬁﬁ%%% ?é?%l%?a Fié?n%?n?#%ﬁﬁg’%hﬁcgeggb %ﬁé%ﬁ?%iggnaythe i nverse
conver si on thablkbus nd¢termposict goay | vwlise cdormher seopestier fi@@22] of By
this constryction, the positions {n fhe rectangular imge corresponding to
t he respective prxels int e |gmage N5 the original area can be nore
qui ckl ¥5 obt[@iCA&d since the positions in the rectangul ar i mage correspondi ng
to the respectivg Pixgl s,in {0e LTege [OLA8,0d,0lR3ke AEA AR-dghg M ned
using the inversé conversi of table.

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
interpolation process based on the gray values of pixels
surrounding the corresponding position of the rectangular
image.

[6021]

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 positions in the rectangular

35 image corresponding to the respective pixels of the image in

the original image may be obtained using the inverse



[0023] 10In the image processing nethod according to the present invention,
an i mage i ncluding a surface i mage of a di sk-shaped sem conductor wafer may
be obtained as the inage to be processed in the inage obtaining step; an
entire or partial imge in a ring-shaped area with a predeterm ned 15 wi dth
in a directbnnen$i¢nmnEMﬂe tlo aheipetitdon ingecabongoarersdge ofep he
seniconduct ﬁffer surface image may be specified as the edge imge in the
edge i mage spec fying step; and the processed edge i mage nay be generated
by |nversely contrtmh@ ¢dres trectangul @re igregé ibavi Ay tie mwgangglar

di mens onal LBOS, PLOGESSING per ol MEd thercancipi o, an, eatl gagr Aartial

i mage in theo 8r|g|na ring-shaped area i n NVET'se conversi on step.
[ 0024] By thesoctgﬁnaluaneancantbegmuussnbhélUOObbatmede¥iﬂ§eptbeessed edge

i mage by e I rform.n L n tire or
parti al inﬁé% ?%6%§F¥% ?E % gﬁ gggfééﬁﬁ%%% ?5998 anI§P§% 5 ge of a
seniconductespmatevesmm&ﬁ591mnage imedehen rhgeotrbgbeabraomessed and i ncl udes

a CirCUlardekgfmrﬁﬁ?%hﬁﬂﬁf%%! 1h9e§%955§§% ggoglggg éhe 30 circular |ine.

[ 0025] rocessin accor |ng to the present
i nvention, [8AZehtire or partial |nage in aring-shaped area with a first

predetgrm ned wi dihoal AL inner 38 shde.gfdheceirubarcdigg and a second

predeterm ned w e C|rcu ne 1s specified as
t he edge |pagsenh immenﬂﬂyal magemsgﬁxnﬁqhu@;ngtepsuﬁﬂﬂzﬁpﬂmqe of 8y this

t ti ] bl
"ot uding CRE“aRyER Pl ochBubh 8L wIRH0 rlel Pey b PIARSL, TREALLIYEL 01V
speci fi ed as bA pd@@?osmge_ne%ﬁ ifage cilrt@ilnangl Bhep pracigdliyenarchi ng t he
edge of ! hga3ell conUel ary va ghﬁzgﬁ%&a{%ﬁ 489G E Q0hrSflee k(024 In the

i mage proc SSI'ng” met hod "accor
15 width in a direction orthogonal teo 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 one-

20 dimensional image processing performed thereon into an
entire or partial image in the original ring-shaped area in
the inverse conversion step.
[0024]

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 | edee lhnofe tilme tbbj edyei mogee cpechévengestiamge and respective

posi tions ?552$§ predeterm ned intervals along normal |ines orthogonal to
the partition nes fromthe respective positions up to the other partition
line. [0028] 20Bpyttiiss canmsttruction, &t argigessibpertirlobtgios anr@ct angul ar
image in whi.ch respective pixels_| . u espond to

posi tions Fﬁngns%%%%gﬁﬁgéegﬁgg ??¢2%25&§§5?§§ E@%t?%#%ﬁﬁf?%%s at the
opposi t® skdascofidaricrpardelrebutbaam edge khnebefsparidbjescesi aage. 25[ 0029]
In the im rocessi ng _nethod ' (o] - [ nti,on, in the
conversionggggp}m?%%e% 6%l%n%ggﬁﬁgﬁi%%q%ﬂ%Vg%?ghQ%ﬁfgﬂ%x%gégaggglar i mge
conposed otdpixef sthen smmiechdngubarwafemysuecdrrespoidh nigg etr specti ve
positions %%05?5 at predeterm ned intervals along the |onger one of the two
partition l'inés at the opposite sides of and parallel to the edge |ine of

t he obj ect inmagelofthdeimdge drvegesand megpstEicvergosdtiondsset at

predeterm ned _interval s .along._n l1es or 0 t tition

l i nes f@onf?ﬁgegé %%%%ﬁ%??Veggogﬁ i%ﬁééup f@'%ﬁggéﬂgé?égk%ggfﬁ?%on i ne.

[ 0030] may be Byntditedcansbr acréomangwieg posyei opmpesad i€ péreld t he
edge image .since_ the respecti J.L ] | e L ; e;sgl based
on the re363c9i5%£%%§ﬁﬁf%h§&§é§ §§§%%%&%?%5§fgpn¥§e ?%%E? éﬁé%élong t he

| onger oneseft theptedeteydaneit iohekiabs Pang thenphgtvheraaddgélichage. As a
resul t, conversi I.nto a I a I ot NBGE fooreypi xehs is
possi bl e. Fﬁ§§%]g?n&§%éxgﬁ§§%%pgggégs?%g nef%%gmgggg$§ing_tog%he 10 present
i nventidn, of tbaveriédn ieglee ofekhei adge Hanages padt FeeP@sivtd ons al ong t he

partition linein,Lhe edge | anae and, bi xali% v 19n81 584 Rlrrhe 15aetangul ar
i mge corré%pon r'ng to eacﬁrgﬁ'aﬁgﬂgﬂe positions set on the normal |ines
passi ng t hroughgbhel riespdet ipeetpospni biseseiroge the respective

positions up to the other partition line.

[0028]

20 By this construction, 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 to 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 object image of the edge image and
respective positions set at predetermined intervals along
normal lines orthogonal 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 | -si zed conversion table can be constructed since the conversion
tabl e does not ralateialdotsheurespectnamee pasittions ¢an thwe sedgéni hlage and

the pixels qof the rect.angul ar image,. but rel.at the S i psitions
al ong the Sﬁ%epé???%i%ﬁ¥ iﬁgeiﬁe? & ‘%éﬁ?l?ﬁgé%'ghéﬁ%hggé%xg %één one row
of the rectaagubarvagmyenconeespopetinigrd posatchoond a#d dthéhpositi ons set on

the normal |ine assi hrough these .posi-tiaons. r.esu the capacity
of a memor JEPOFCRPONTIG SrarLanger ith T e dan B Buith ol 0035

The presenpairnyendn dniries ahsoidi cetiedeo calyel Mmpgge pr Beessragninet hod,

conpri sing _an_inmage ohtainin te f__obt aj nin i 3 cessed
partitionefd°BY°t °$a¥%¥1$1f%55??§?§§5|%ﬂ% e;cgnﬁg%a%gﬁggF%%o§$§¥%% of 35
convertingishpokfllgh=t 0 be processed into a rectangul ar i mrage conposed of

pi xels in Zab?;ﬁangular array corresponding to respective positions set at

predetenin ervals along one of the two parallel partition lines of the
i mage to be procesaselde amhgeeppectseengasethahscsetrdang preddteer m ned

intervals alon ormal_.l.i nes_orthogonal tao.the jtgon lines fromthe
res pecﬁ vep58§|gf1{goﬁ%v%nﬁuto5l’t ﬁecg?ﬁejfszip%nr tﬁatijll%nrgll%gﬁ% %%4] By this

const r uct i erspantimagediaibaspabors sete pattittionedihy twdkhsaeabke
partition Lines can be converted 10 in ar jﬂﬁge in which

pi xel s arelglﬁggna%(g Py et 8ﬁ8uf%‘? %%r ?Cahy(_:: r?%%%@%ﬂﬂ Y™ the mage

pr ocessi ngcoetrbedoadizay dicngath theapl esentpdsivennsoret arcdingensicoalt abl e

relating the 13 [ESPECHINGRIR! LhON R HONG I BoBREILEL Gl i2e 1N the image

15 generated beforehand; and the positions 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 conversion 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 one partition line in the

25 edge image and the pixels in one row of the rectangular
image corresponding to 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.

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



to be processed and pixels in one row of the rectangul ar inmage
corresponding to each of all the positions set on the normal |ines passing
t hrough the respective positions may be generated beforehand; and the
positions in the inmage to be 20 processed corresponding to the respective
pi xel s of tbheresotaiigy av rasgechiose besdetienai sed als ipmgdeherciomaer si on
table in the_conversion step. 36] i .on; - | -sized
conver si on Fabt & %%%?gbgngo%éBgﬁ%gggy§%2821§ﬁ3§%%#%g9§i%ﬁg?%b e does not
rel ate al | thheimagpect beepposessahsinon rebpeetyec ipmegeiand she i xel s of the
rectangul ar i e, but. relates.the res Lye it one
partition Pfﬁgg‘?%ﬂ?]hneede Iglgefﬁﬁ%:bse a:lr%n % %g)%?;e%gg%n d&"ﬁ'gl%ggbvgg?t (% @e

rect andgul apa80itimgelicesr éspondiegrdspesddheopoal tidrtve uposit tiods set on the
noLmal IineﬁhgasséggiLhrogggethese positions. As a result, the capacity of
a nmenory f8 foglngf?ﬁ@ nvérsion table can be reduced. [0037] 35The
present inyedBibon is further directed to an i mage processi ng device,

conpri sing an inE etﬁf%“é%ﬂs@%u%?&%nf(gn -G éJ%EngegéF%dgg% Qof a surface of
an object; and a groceSS|ng ani of processing a ptured | rage obt ai ned
by t he i magertaptomedidpyunivb, pahelietin tahed ipiove$snegy aam el nohudesed nage

obt ai nj ng neans_for .obtaining an i, .t > r resent ed by
pixelpggseang?aﬁ %%ﬁ%ﬁﬁ?%%ﬁé |n%?%dﬁﬁgﬁﬁfghgﬁégégi%%§§§%%“?%§ g%j%ct; edge

i mage specréytagoweansrfray.speci fying an i mage i ncluding an edge |ine of

t he obj ect 6H§E ce image set in the image to be processed and | ocated in an
area with é préeédeterm ned width 10 in a direction orthogonal to the edge
line as an edge iInages wueepsioassEansnddrodaweerdimy tchahedge i nage into

a rectangul ar L IR0, Wi 11 8, W OLL, eaul val @1 Lo L. Apdeier i ned wi dth; and
i tage proc8SSiAg neans for ' performng a one-di MEnsi orral | nage processing on
t he 155 ectrangethive nags ttionsustessities waptdcess time gmayhealpegeof a

plurality of pi i irectio riho Ldth direction
of the reclggng%@%g?e?rga%eg%ﬁgoé%gﬁ Jtrhi%tsdec%r?grt ?Ec?k?%g%e%%ﬁ%\é&%gsi ng unit
converts theagé edge:spragenpntduehaly athelddgbel paelofontsheesdbpacthsur f ace

or odet or i RBET0E GLR T HES T He Bars 7 InaSORar Fo° e edsn T TR hto the
r ect angul agenaageeai hdf driebanddt in@ gthe giceritt ipo st be Predergentaelew dt h, and
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 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 one partition line in the
edge image and the pixels in one row of the rectangular
30 image corresponding to 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
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25 perforns the one-di nensi onal inmage processing on the rectangul ar i mage
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 30

ort hogonal chgttihenyi 44 hrdigeeeti orewfcaddee of esh atigidayr; iamEge are successively
processed in the one-dLneggional i mage proce siqg perfoLgEd.on t he
y

rect angul aPTPREYEINY HE e dOANERPEFS T HbgE FEPEITREsEIAAS VOprdedd®d in the
direction ahengmagstsai@htinki aei€orviesponding pooddesiedgenitne of the 35

obj ect surface i.nmage. [00 . he | e processing device

accor di ng HSCﬁﬁgeﬁriﬁﬁéﬁ qg%%éﬁ%??ﬂﬁ?ﬁﬂf }ﬁFtﬂgfgﬁ%éﬁﬂi%?elpﬁggrg%1%%nversion
means for geneeabéddraprseaesdedy gsige li-agedbyranveriselsy aadnverting the
rectangul ar, i e havin he one- di ional. ipmge.5 processing perforned
t her eon inﬂ&ciﬁgF%%g% 5 & 6@??ﬁlégfqiﬁéggjfﬁgZOﬁdﬁﬁlHﬁ%ﬁ? constructi on,
the pr OCFS%QQCQﬂQQm% Megehd Sﬁgeépé@%ﬁdr@y ahnﬂiﬁégé| ynclomiert bngeddee
rectangul ar, .i mage that 10 the onpe-dinensional i e processi has been
perforned iAlE 8ﬁet??mﬁ£§ﬁq? FHE?%ﬁ?gﬁWﬁﬂe é?ga}n ce e %ﬁegginensional

i mage processicBgsés fel flacaredoin tdie dreet atghl ar preagge rimintlewddttect i on
al ong e straight line correspondin o the edge |ine set, in.the object
surfaciginﬁﬁeaa lH%%E%Fbéﬁt§8858?ff§95%€ 8988egg%% FUGE FHdGe BBI%i ned by
i nversely convertiog mdwes gotranguveartimpgact bdyet heagmentiomansi onal i nage
processi ng has bee erformed |s substantially ap i e obtai ned by
perforningr&ﬁ%ﬁﬁﬁﬁga%ﬁ%%ﬁg%ﬁﬁﬁha?dﬁﬁf gqgﬂﬁéxF?ﬂetgﬁthe obj ect surface
i mage. 20[ @@¢dktermined Widthe bnagingfeo¢esskbgidgviemsadeoarding to the

pr esent inven%ion t he conversion i nclude position conversion

moans for SBCSPATNG d UST VB T HTHe QigE FREGE -0 o1

15 rectangular image to successively process the gray values of
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 to the predetermined width, and

25 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

30 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

35 object surface image.
[0039]
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correspondi ng to each pixel of the rectangul ar i mage; and 25 neans for
determ ning the gray value of the pixel of the rectangul ar inmage
correspondi ng to each obtained position in the edge i nage based on the gray
val ues of respective pixels in the edge inage. [0042] 30By this
construction, thEherim&gﬁﬂpn@deebﬁn@bdeﬂﬂne eheopd$hgitm1ﬁhe phesedge i mge

correspond|n t I“TWEF&Xf %ons£$¢%§|é1 %heséegéﬁw ul %£1| ge fbr
deternlneslphg gr% 5P fhe ﬁ?xe P‘Fﬁe rectangu ar

correspond@egetetemyhaqhkmmeeddpe@gé|xmmqenbthnemmﬁelynngavbaSEmgon t he gray

35 val ues the respective pi in . the edg e, 1,004 The
i mage proc%&gl 8C%g¥ﬁ@-l?@gg§gl %Vngﬁhg Bpgsgﬁ g?%ben |6ﬁé§ay further
conpri s& apsboragengnidrfoamest ohéngora icdiovensinagd abl e Hendir¢ginay t he
positions i@ ghe edge i mage corresponding to the respective pixels of the
rectanguIaF 5 fmage; and the position conversion nmeans may obtain the
positions ii@0#he¢ edge image corresponding to the respective pixels of the
rectangul ar inmage_using the . con erS|o t abl e, 44 A onstruction,
the positions inEth %% JETHEGE iBHCOFre BONG nggtoé?%‘u&ggbé%tlve pi xel s
in the rec@angmhaednnﬁQEnmamebg oomes uingk ftheobéat aegliliar tihegpr ticessi ng
unit sipce_the processin |t obt ai ns the |t| ns_in _the ge ge
corres% ndl%b P6°t unlE?pél |&ga%ex%ﬁ%?%%$ ﬁe rec %ﬁ%ﬂﬁeréﬁrﬁgge J%?ﬁg t he
conver si on tthabhmage airectHen origindl saraagesSimee tk[e()@m&]—dlmensmriai t he i mage

processi ng .device_according_to the pr sen inyen th ge_capturing
it ey cABRUPe R TS o BebbrrRl Wl e R Rt SaelRO St or

waf er; thetke dmagetxﬂnzﬂhmn@gtheamsraﬁgbtoﬂUaencanre$anﬁnn@ctodthg a surface
i mage of the seniconductor fer .as,the e. r edge

| age SpecirSEng fBates iy SR dT R hn heT e B AT S RaEed A

ri ng- shapedhar pacoesded gqpigedaetmegal oeich medt fvyi mnaedseby;tame@"ltuhggopal to a
Chocuar 23 0eceLens AN 6dae efat e seploandunl op el ur face | mage as
the edge imnmage,; € 1 NVEerse ‘conversion nean generate a processed
edge i mage rhycenvengeias dervepeir Agridid Jrseeew@ﬁgah‘alalhﬁgﬁm timaget he

one- di mensi ol L BYe Bacessh angafmgogg%gpeg CEQEAE {4 B2 abbre of

partial image i rigin i ng-
line of the object surface image.
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 wvalues of the respective pixels in the edge image.

[0043]

12



[0046] By this construction, the processing unit can obtain a processed
edge i mage by successively perform ng an i nmage processing on an entire or
partial inmage in a ring-shaped 35 area, which is set along an edge of a
di sk-shaped sem conductor wafer surface inmage and includes a circular

| i ne, substantiallhy imege dinceetsongadleng:a kecorctad aro |tihee prep6oud?]

In the image brpcessing device agaording Leoths. Rresent, d ayention, the edge
i mage specifVIrig redns may speC|?y an entrre’or partial “inmage’in a

ri ng- shapedoarveasimi bl netiipaetet erthd pedinidth at @oe iedger imiége of the
circular line and a.second_ _predeternined w ter si of the
circul ar |Fﬁgrg§p?%%ﬂgh§g Fﬁ§g5?g§%ﬁﬁ§%afﬁggﬁgﬁgé1%%%2#%%8P§gg?reven if a
circul as | iimegpr esnddlhe matsching eonedgs cof maasemapmdictior thaf er surface

image is not set, the praocessing unit i tir tia
imge in aFotn }2%%5th£$b§%ﬁﬁvg%?%_|%§ﬁ3%§§§§§%%¥fﬁ£*% géengéﬁéﬁg

sem conductdxewaf ef the fraceanmager atnage edgeglbhé negevesdoa9iable. The

pr esent in%gﬁhhig is further directed to an i nage processi ng device,

conpri sing I'mage capturing unit for capturing an i mage of a surface of
an obj ect; and aBg0thpiocesstnycuibh, f e pradédsnagia taptadeed ivagge

obt ai ned DY.LNG | IRAS, £IR! UELNAUOLL, W ielR ! e PLOGRASING.YRLL 1 nel udes
i mage Obtaining ans F or o talnlgg an 1 mage Fo'be processed partitioned by
two par al | dlmagar tan ilen rdree sjufi cairy t dlet aiapcuied thesgegceasdngonugt si on neans

for conver ;sii%%et Pﬁe Zgréc%as%gptgo ug t pg@i?aei%sse%hienégsft%&% ang "Elh%r ol ge
conposed of prXel's™im atectangular array corresponding to respeciive
positions setigat cpresmierdingedoi hher vededcdliorgrorel ®fin Hdwet wo partition

or odet or i Re8 PREBHval 4 B TR R e e PR D St D e Zar 1 4 on
| i nes 1%omsttleeagesypectd ve positions up to the other partition line. [0050]
[0045]

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 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
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 obtain 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



The i mage processing device according to the present invention may further
conprise 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 one row of the rectangul ar i mage corresponding to each of

al | the positépnsaseianeialbe horareliddotdésnpassiagghehicanghlahel yrespecti ve
positions;[ﬁB? he conversion nmeans may include a neans for determning the
positions i A image 5 to be processed corresponding to the respective

pi xel s of the rethatigyliddagenpgecasshyy tdwericenwecsraimd dlgl éhe[ 0051 By

this construction,, a small-sjzed conversion blLe c C tructed since
t he converEFSﬁe?Engmﬁgégnnot%ﬁdaﬁgTdPEQEIFp%ﬁ%%:%gggﬁgﬁeeﬁggsitions in the
edge i mgespaditheapiorrliseobrt hert vl anggleaini aage;gisitaped! ares t he

respective positions alon he one,partition_|i i.n t ge, Jmage and the
pi xel's in HEEﬁrﬁmﬁﬁﬁﬁiﬁgeggt?ﬁ%bﬁﬁaﬂ“i%ﬁbggc%?rggﬁ%gé?%% ?g g%%h of all the
posi tions sekcohat heinkb anar Babetome prEakticnyibhd oughtht késenposier ons. As a

result, the.capacity of the storage unit for _s i hg the conversion table
can be redﬁ&éﬁ.Ofdﬁé?fufﬁgﬁSFeg%% ?%véﬁiﬁg'eiéﬁ% %&her directed to a
surface 20 [ppgpeéction device, conprising an inmage capturing unit for

capturjng an image of. a surface _of an_object; an essing unit for
detectiag a defe%y g%l?kﬁQQﬁﬁrggFlgﬁff%%%%ﬁéé5?%%%%@%%%q§§%%ptured i mage
obt ai ned byrthesebngeicaihgr angedod tof whesesiinotbeciprooadsimguuhte i ncl udes
i mge 25 obtai ning neans for,obtaining an inmag o] : S .represented
by pixel-b&@@geg?gyn@%Fﬁ%S 5RE PherTE e émggr?%%emgﬁggép%g ?ﬁgl%ﬁject;
edge i mage ospeairt ya hgime@ndnf ar rspeesiapary sawai mgeriaiclwdinegudangdge | i ne
of the object surface .inmage set in the i e p d_andglocated 30
in an area%&Ftﬁagep?gdgF% HrEgnar %%rfﬁﬂ%gﬁfpgg ?%n{oriﬁggbﬁglg?% t he edge
| i ne ass5aniedge.i nage; conversion neans for converting the edge inmage into
a rectangul%r i.oage with a width equivalent to the predeterm ned w dth;
first [0043]

The present inventiocn is further directed to an image

processing device, comprising an image capturing unit for
capturing an image of a surface of 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 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 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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i mge processing neans for perform ng a one-di nensional 35 inage processing
on the rectangul ar 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; inverse conversion neans for generating
a processednedgevi agsshyeichepgskbly iowmuee coirngsphedirartteangatarof nage t hat

the one- df gnsL 0030 TGS, PLacess! 06, Nasheen; R paLLanRd hobogn | mge [n

the origin area;” second 1 mage processing neans for generating a processed
mai n i magetby pespectiiey pestiwoouls mexsi dial conmlges priogEssisngayn a nmai n i nage

obtai ned by,eXGhudl eddle 2108t IROS, [P BHDBa0PE S5 s SUY bRgE shaRge Lo
successi vel'y process Te gray values of” a T0"plurality of two-dinensionally
arranged pitrebs; paoce s corspepdhying Tedns Fospspeoid yilngla def ect part
n the progassededos, {Imag.and,the, Arpcessed main jqmge. [0053] By this
construction, a processing unit converts the ise ge 1mage including the
edge line dPObhé¢ object surface inmage set in the image to be processed and

| ocated in the area . Wwith r erm W i i reGgti
ort hogonal to th§§e5§%£l?éé¥%4%F§q§&é ggcég%bﬁﬁ%?diﬁggggﬁﬁtrl?’gggjdth
equi val ent cen bhecpnststiarat sedceai tid, cantradopetrdlotersiagse nohe- di mensi onal

i mage oc i t r r.d|ge 1o, qu ssi vel. o] s the gray
valuesﬂ%f %%ghg?ugg%iﬁﬁ%(ﬁ%%kggg?gga?éanggﬁmi%ﬁtﬁggd?%%%f¥gﬁéo%§ﬁogonal to
the width ¢het péxebstanduilcareciaggul & rngedchebgtayelatiaeedhef the plurality
of pixels arianged.intde dikection 2% arihedopal;be the widihedirection of
t he rectangular ‘I'mge are successively processed I'n the one-di nensi onal

i mage procesgengmpee f ardredheopitthésr Brtarmguicar oifnbge, redi@ngedeangul ar i mage

. vl - , : | . . .
cor r Sepondi HE o CPREC SRR, LOCR SN AL P TH8TBoB PR Bk b Phe )

Then, the poguedsiihgesrpassgegethresoh Heqroresdtdortgerpmageedylinver sely
conver ti ng e LeGEangul Al mage Lt e @ne<diuensi analod gage; pr ocessi ng

has been pe mage in the original area. Since the
one- di nensitedvdke reagee prastessi.ng perfornmed on the rectangul ar i mage is

processed [0052]

The present invention is further directed tec 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 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
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
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in the direction along the straight line in the rectangul ar inmage
corresponding to the edge line of the object surface i mage as descri bed
above, the processed edge i nmage obtained by inversely converting the
rectangul ar image that the one- 5 dinensional inmage processing has been
performed hsdstdstiant icatthyganal neges suctesdivetyliqr adessed in the direction
along the edge_line of the object surface_image._ [0 ] E t.he
processingrﬁaF?n éF@@efhéhﬁﬁ%%%§§gﬁef6lﬁ%ine?%%ggébgegérgg%%iﬁb t he

t wo- di mensipenadsidrhgeiger oeessi by owddselyaconizeaageobie medtoygwdeo! udi ng

t he edge inmage fromthe object surface i.mage fo successivel ocess the
gray val ues™ ?etﬂ%ﬂbﬂﬁFhFP%ygb?e?%H¥Hﬁnéﬁ§%8n%f?§e%%$§%6€§ %?%%Is, and
speci figes phefdafettimar tani imkge Ib Preocedgeédaddgesa negeoaddindge processed
mai n i mage %0056 . As descri_bed abovqﬁ_since tgg g§§§&%jp?&g Esbﬁpecified
with the eBg8-FTHEYE MF thé hafRTge Df PR GBI ect sur fac i mge

al ready prpeessedingef esio-pantss tame bemgee paocasatef yor2@ maspect ed over
the entire,object surface. [0057]. In the f ihspegct | devi ce
accordi ng t82 ﬂeo?ﬁ%ggﬁf%Whgéﬁ?F%ﬁnq3¥K%§bgﬁr%ﬁégéﬁﬁﬁﬁﬁgggogﬁiéggrface of a
di sk- shapedugéateonttupet ac wateesbivedl tdrecesagehe agptay ivegueni ©f aad

det ect def ect t.h ' duct f b h [
i £, 453 PAHGR b aTnihG - RGARGo ey o A Ao nRbA e ARG o Eur f ace

i mge of t hepeoi €phdy ateamawdber sasct fyei rigregeieffecbepprivciessbe; the edge i mage

speci fyi ng_neans y ecify an_30 .entire or _partial.]| e in a ring-shaped
area with BrBPgﬁﬁggﬁﬁ%%%dﬂﬁéﬁtﬁn i |ﬁ%§§%88§ %%%ﬁoﬁ%%&% to a circul ar

| i ne al ong [ansatge of the sem conductor wafer surface image as the edge

i mge; the inverse nver si Qn ans may_gener o] e i mge by
i nversely conver??négf%ep%ﬁfr%?&iéﬁﬁﬂl%rp$§é§ﬁ§ %ﬁé?n?%egéﬁﬁé |Sng%§ional

i mage pP§ocesigenfmbhgs becudienf ohaedddgetloiren ofntheeoclbjegarsurdikcenage i n t he

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 to the predetermined width, and

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

processing performed on the rectangular image is processed

16



original ring-shaped area; and the second i nage processi ng neans nay
generate a processed main i mage by perform ng the two-di nensional inage
processi ng on the nmain i mage obtai ned by excluding the edge i mage fromthe
sem conductor wafer 5 surface image. [0058] By this construction,
defect parts are specified both in the processed edge i nage obtai ned by
successively performng the image processing in the direction 10

substanti af| wnal gn8edhi@rChli 64) afnd 5?8208t B neNth T endire@Bhb@ar Mage in the
ri ng-shaped area including the circular_|ine set along the gd e of the
di sk- shapedtegeniebRRRAGE Ndaf ertisurfqtel 1agd SR8 P99 $e SPFotessed main

i mage obt aiped hy pesdonEngbbhe, timr dirdeasi@naldgenagegdraptesaeag on the 15

mai n i mage obt ai ned_ by excludi ng . the edge i e.fromthe senm conductor
waf er surf é”PWﬁGE;YTﬁ%@feihﬁ¥kF}%af?gg%ﬁﬂﬂgg ﬁ@?geaE%%?§$51ﬁﬂfﬁspected

over the emindrsisdaiateagf ptrbecseimgdrducten pafBrrmeBFEECTS OF THE

lNVENTICN:%Q%Q%%%lall an iﬁgcgrgﬂégéﬁggvégfEhﬁﬁgng&Qﬁgﬁﬁkng met hods and
devi ces of°the preseﬁ% I'nvention, an edge i‘mage I ncl'uding an edge |ine of
an obj ect durdcadeni mbys specefigedine af thmgdieotbeuplassessedei s converted
into a recﬁﬁggplar i mmge and a one- 25 di nensional inmage processing is
performed on this rectangul ar image Since gray values of a plurality of

pi xel s arr angedPutthgrdi FeR tRInFe6FEABGEH] JeBeR2 VR UtTHRSdPFeeRiBi! of t he
rect angul afai"BERgal By SHEGRSHi WG| ¥nPrakessfdns foddie i@agedi mensi onal i mage
processing on the 30 rectangul ar i mage, the rectangul ar image that the
one- di mensPERFASSEREGE: FH6cBe &M nyidHiss OBE@hn%HYOFﬁE MG E8F0RYEE t o an i mage
obt ai ned byngyceessi mel wopert osndmgeammigage ptocessivegyi praceadist ection
along, (e gdde, L\nesPles i BHbeEl, S ase.! magey Y LIy el v comvertno
i mge t hatathedenngexelocessl sgebasideaheptiopari yaperforied in the area of
the edge parf Qf Lng Qb SokeSURiAGE HTBE8: s BRAERRDERGR PTI ON OF DRAWNGS
[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 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
17



[ 0060] FIG 1 is a side view showing the structure of a 5
mechani smunit in a surface inspection device for sem conductor wafers,
FIG 2 is a front view showing the structure of the mechanismunit in the
surface inspection device for sem conductor wafers, 10FIG 3 is a diagram
showi ng a swragénal stegmihapes seﬁﬁcoami:dﬂ@r sgabed smwedacgoepsaisanera unit

(CCD | ine %%%%Qr%a¥ F%c%‘ie hileS 52 958&&&& 3m; s0gw 1?% ﬁeﬂ%ﬁ%& ?{ét emin

t he surface 1 nspec evi ce sem con uct or is a flow
chart showitwg-theeps syeduriaegk arqo@ga:anqatqnoﬁhpr vees simfdeGobgAingda di agram

ShOW! ng an by@%hgd atk%a%weegmégggﬁom the  semicondu éo§ w@@eﬂ:s a di agram

showi ng an exanple 0o a posi t’i on- corrected captured 1 nage, FI G
6C i s a>di @glrréﬁfpshmqu a state where a circular line is set on an edge of
a wafer surf,acg.imge in a captured image, FIG 7 is a diagram show ng a
ri ng-shapea[ are;; 25 including an edge line of the wafer surface inmage set
in the captured Bwagbis@stguctiandi dgferm sn&jWSngra pﬂ)&@ifimhbioan ation of

"m0 PHEL LA, Mol an g ey I slonat oy s (o0
bet ween t heerforming 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-
dimensional 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 object
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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edge imge specified in the captured image and the rectangul ar i nmage

obt ai ned by converting the edge i mage, FIG 10A is a diagram

showi ng the edge inmage in a state where a nornal line NL is set at an
arbitrary angle 35 position O, FIG 108 is a diagram enlargedly show ng an
angl e rangeeef 0@ tige 98w delr®G oIO#he object skirGacélémage.a di agram

enl argedl y ] b f e outer peripheral edge of the edge
BRI Bﬂs@ﬁ%ﬁc@{l‘@sﬁg 5 &

i mge, i agram showi ng positions set on the 5
noLmal | i neONIEC] FIG 12 is a diagramenlargedly show ng the

posi tions set OnE&Ee ?O{éﬁ% éfd%?v@%w showi the g%%hc%ﬁréﬁ@%%Ples show ng a
rel ati onshi p bet ween respect’i ve pixels of “the Telt angular inmage and

positi ohs afechonthe edge imegeurface insgddGiobddesiaetfdat e showi ng an

exanmpl e of J fi%'oﬁ%{:]{’& contents of a conversion table, FIG 15 is a diagram
showi ng a relatronshrp bet ween the rectangular inage and an inage in a

ring-shaped ar eaF15¢edges iaagentobtiavnedobing mrer s¢hryctonwert ithg t he
rectangul an JgREC.y unit in ThE dfehSe A OULINAr L shoing the procedure of

an inspection process, a diagram showi ng an
exanpl e of ssmdaptdnedo20vdfrage of a sem conductor wafer to be inspected,

iF 'ng‘ge,lﬁ I's a di ggpamyshow Ng a1 6X Bl fnQ 2 AMQS LiEOR-EL L gFted captured
semiconductor wafer surface by a camera unit (CCD line
sensor),

FIG. 4 is a block diagram showing a control 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. 2 is a diagram showing a relationship 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 NL is set at an arbitrary angle.

35 position 6,

FIG. 10B is a diagram enlargedly showing an angle
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FIG 18 is a diagramshowi ng a rel ationship between an edge i nmage specified
in the captured i mage and a rectangul ar 25 i mage obtained by converting the

edge i mage, FIG 19 is a diagram show ng a rectangul ar i nage before
a one-di nensi onal inmage processing and a rectangul ar inage after the
one-di nensikangé ofreifecpr e MGE. 103, FIG 20 is a diagram

show ng a el at | pRsni pybeleen, 30 be. prasesaed-fecl A0yl bmadecand a

processed edge inage ai ned by~I nverse onverting the processed
rect angul apni rageyutaan peripheraFl ®@lgbfi $he ddagramashowi ng an exanple of a

waf er surface i shawing det Ct > NODE I NG QUT THE
| NVENTI ON [ 0061] " 26" L gﬁ%ﬁ%?ﬂrﬁéﬁ%gsnﬁg%?ﬁent e Ef%sent
i nvention nerdesckidediiwith reference to the drawi ngs. [0062] An inage

processi ng devi ce in ich ang.i i i N ac Ge Whth an
i mage processi ng%%r%t hyo\ﬁd] %%cao;&&iaﬁggﬁoé?%eﬂ%?g e%goiﬂgegn% I'S ;:)Ler%or med is,
f or exanpl estconstheictathaln lansuitace i nspection device for sem conduct or

waf ers. A nechani u, t. of [ f ' | Vil |.S, constructed
as shown in Fl Gsﬁ? a%'% JZé) tf%ﬂﬁ%t %H%gﬁflﬁ %ﬁgﬁgﬁghgﬁa}}r’%&eﬁg% de view and a
front vi ewrshpachygve hel-adss bifuthe oreofarichile@rménhaai amt WNSLT1P0O63T

In FI 1 d thi urface inspection device includes a base 50, and a
carri ;%See 66%%naagesﬂ#\%els'ng 15 mechanism 70 are provided in the base 50
(particularly se€lfl G41)s dhebdhi thongngrevhaxiesmlzoof netinientaost age 71

and the ca_rcroingg%tg%f? Jmve hagk @ggldg orth (novenents in a |ateral

direction in I rection perpendi‘cular to the plane of FIG 2)) on
the stage 71 by §@éBGf - taunié ry.diflgeraRr0skowing iy nedebanhshiy foediveeni ncl udes a

driving unit .72 Wi t. a nﬁ&r&%ﬁi- a he l.ike, d the stage
71 is made t%ﬁgvggp%éﬁ%@laa[%il?{éagﬁ 3%8?%% eral di ?éc??%% %\Aélzél%%ar%,g direction
ort hogbhal (egigehénpganeckdfaifieG bY) loyedrgohalonveraingviliyy direction of the

carriage 6Qre%¥aﬁ§£ié£%g%g, by this

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 MCDE FOR CARRYING OUT THE INVENTION
[0061]
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25 driving unit 72. [0064] The carriage 60 is provided wth a
supporting nechani sm 20 for supporting a sem conductor wafer (hereinafter,
nerely referred to as a wafer) 10 to be 30 inspected, and this supporting
mechani sm 20 projects fromthe upper surface of the base 50. The supporting
mechani sm 20 i ndiax@eimaﬁteicrcmh aamidcaliimen2lobntiwhipdesehe wafentdd: iis t o be

set, and tg\oscalr%p%r EH ) 22C:'3é, t%sz_h%ﬂ%)g%%ﬁ{%r arranged in a direction

orthogonal i e oV ng rec ono riage 60 and support the
table 21. [esE supportlng Iegs 22a, 22b are fixed to the carriage 60.

Al t hough not sh Lh ni.sm for .gu supporting |egs
22a, 22b in theOp\(rrwt;vllmﬁl edPF(é% ig%%n%a%m eelgaw?%%ge (}Engﬁtonormusl y noves

and a $hi fproueHimg IIBChaO@BCﬂHIfGH wjrhdingimde: suppesting heged2a, 22b in a

direction ortho onal a o self r.unn ect i f o i age 60 when
the carri age s <R f?{l FTRTH i PE% 1|qun Egert r%eﬁl P%i n]g&rrrecham sm 70

are provi deckngrld, h@onppenc‘senifmea (sﬁartfaeebalsaaéiﬁ;lo[nodéﬁ}c@nf@lrr ched frane 55

IS provi deg?rﬁUbStqauP:t’c'o%lwlu (le]psa ggggﬁg RAVk 8% H;gs G%Qe%cgurface of the

base 50 in e’ Se runnlng di r &ct'on The Carri age canmera unit 30
faced downwaspkdtsici siposed lebmraar‘linua:rtbyl an @h@&ntlmalFI[Sartlodnct ti.s frane

55. Frth a |II at t .31 spo r sed position
of thg caenlg?% lr}cnlait %gbg’n (Ilflgﬂ fTams %%gé ﬁ é"? ‘{l}fn%néﬁf?%ﬁd%m 31

i Il um nat eshawsury fta@ecohsthmmmmroﬂahsapmechMaﬁn uwhé&.supporti ng mechani sm
20 novi ng P? 8 the frame 55. [0066] The canera unit 30
includes a'l'ine sensor (e.g. linear 20 CCD i mage sensor) and captures an

i mge of the surfraceIGsf. 1 and 2, this surface inspection device

includes a base 50, and a carriage 60 and a shifting

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
iateral directicn 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, 22Zb 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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the wafer 10 supported on the supporting nechani sm 20 noved according to a
novenment of the carriage 60. Specifically, as shown in FIG 3, the canera
unit 30 captures an imge of the entire surface of the wafer 10 by
perform ng scanning four 25 tinmes. [0067] In FIG 3, first at a shift
initial poghtilibng Peicharkienc daerauiding mesﬁaﬁsort@gsdﬁfgéc@%f iHe wafer 10

over a speghl | gd Wil (GorLesponding ko Lhe Lengtdh olybheabior, 30 sensor)

in a direction e carriage 0 moves in”a direction
scanni ng arovhe ahifa shdifti ahiposg ticomapdism for complieedhet he carriage 60

S Shi 11 edot8oa-od b pashLON B2 N ddickeeth O B dirhe STt ng

mechani sm 7 At “the shift position Ps he canera unit 30
35 scars theliﬁ/aflemm;l.r@ |dnracmpeo®f dxhesza(r@rppgm 6@ vher aedicpetiagm Si) when

the carriagg 29 Ve a N2 tﬂ&gecg,%gl o8 ng,praeél gﬁl © A GefhbgeLh oy A . Wen

scanning at the Shl position | et ed, e carriage 60 1s further
shifted toaaeshr¢v1@m$wxx@hepggpernsuniamer@éttbﬁ Qﬁ%@fﬁhe shifting
nechanlsn1ig pen at the shift position Ps3, the 5 canera unit 30 scans

t he waf er in"the direction S1 when the carriage 60 noves in the
direction Al. Wan sramd fyaae t5ﬁelsmlfQVJf§i§ﬂ§i subAtPRBid Ll dmpleet ed, the

carriage | %Bla;tar?% ahidd gdlet egg?fhéﬁga%%& | 0P Asds ¥ he shLfting

mechani sm I's shift po i on e canmera unit 30 scans the 10
waf er in tkeldrreetinn dd2esheant bE g rdaagdage ABved camehe Wiytedd on A2.

In this wayocLReqGatera Ul b 30,36ansyliietynh age; ol lhsbah epalo four

tinmes for a tine during wh e carriage 6 repeatedly shifted in the
direction lfbvh@ﬁefﬁﬁwqtﬁ5ng Hewie s an7 0 L ani eatisi wgibadk &hd forth in the

15 directi | | nit 30
on éﬁ% ’gfeat%f' 38 h 5 89&@ éﬂ;fop S £PLRE ESSne ANSNGRMBH Ao

captures an | e surf er 10 and successively outputs
i mge 5% gnahs. ffanss}>. The lllumlﬂﬁté@ﬁtﬂ@#ts%%tk%ﬁwminﬁﬁéss@r$%ﬁ: ce

i nspect i Ono%e‘algewélselgqoc%ﬂﬁbﬁyﬁéﬁdoﬁst@%%pbgtfﬁ&méchanlsm 20
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.
f0067]
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 tc 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 60 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 SZ2 (opposite to the

direction S1) when the carriage 60 moves in a direction A2
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[ 0069] In FIG 4, a processing unit 100 receives inmage signals from
the canera unit 30 descri bed above and processes the imge signhals as

i nfoLmation representing a 25 surface i mage of the wafer 10. A drive
control unit 120 is connected to the processing unit 100 and controls
driving of oppmevtagtoediranisaclion iAlc] udhey sdmnrdar eAgehéGshad t he

shi 111 ng meehanisin 20 deseriped; abos,indstiLhe 6Onty ol ghethe processing

unit 100. An operation unit and a disp unit are al so
connect ed sbifhedprocessiifg positil@0.PUpdn tbeedxreq;umm Bpkratlion si gnal

from the ogeratiod Ml dLh 9BST 2488 b achsely: Ahe togessing walt 100

perfol ns vari ous processes based on thi's opération signa processi ng
unit 10D caesesatheidi¥plsapnanthe 1d2f<¢n 1di $pl dhe vdrtents 085 Spi eeas of

|t or mat | 0 Ut ap. £aus N8oLhe; i spl ax oA 12, Lol aPLaya GaRur ed

i mage |ncIu ace I mage base on 1 nag
obt ai ned byhperEEBIWQﬁlqﬂ@@7BF3 1s comiNested, athe ocwgsidgsr idefecthary a

defect of L csuul age, ol ihe valetohOplp fosard hae SHO0Rbbapian i 1ot @

process refating to registratiof of vario l'eces o ormatioh on an
i mage procéSsthgso$h1ﬁegsuutaoe Pwﬁg&hﬁzdameraaﬁEItIﬂJ@m@gssthation

process) | saBStl onred: J00TRL 1080 LimOSal cLbes SuEfareatothe vl er 10 as

a representative of wafers to be Tnspected i's captured by the canera uni t
30 in the ngckahiem i t IhseeliFIvEE, LhEocameamdnuﬁe3@r@@@83|¢np|Jn|t 100

that recel u&s Limdse ShANlylr of HE: GATRIA AR b Sy DeLlauy hhe,process in

accordance W thée 15 procedure s F FIG 5,
t he processhrgcaniiad®®drverpsatedly rgedtedghnl she uticessiivel § kyppl i ed

f/;l()g‘etshgng%%r BBl InPhd LR LiRes G HRRuESeBLEL e Ricteh- PASER. 9T ay
i5 directions Al, A2 by self-running. In this process, the
camera unit 30 captures an image of the surface of the wafer
10 and successively outputs image signals.
[0068]
B control system of the surface inspection device 1is
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 coperation unit 111 and a display

30 unit 112 are also connected to the processing unit 100. Upon
receiving an operation signal from the operation unit 111
operated by a user, the processing unit 100 performs various
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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20 obtains a captured imge including a wafer surface inmage (data)
representing the entire surface of the wafer 10 as an i mage to be processed
(S1). The captured inmage including this wafer surface inmage is devel oped on
an i mage nmenory (not shown). Wen obtaining a captured i nage (inage to be
25 process#dyer lhdrasfichgrainaeferdsia fddeinsdgey |lRcdssingxanpl e, as shown
in FIG GA[OBHS processing unit 100 corrects the position of the captured
imge | on the |nage menory based on X (horizontal coordinate axis), Y
(vertical coordi Nake, axigocasd 0ot argflectiimga acdaheer cdiodlw sergacdirecti on)
(S2). For gfagﬂg% @e]_pol% 10n.Cor[egtion is so performed that a notched
part 11l of the surface inage 110 is positioned in a predetein ned
direction 4803hdown |n FIG 6B. The processing unit 100 causes the display
unit 112 to disp he, r.ed, i i i,tLon- .35
corrected wafer gg%?%ce fﬁ%%%% 6%%%&&%‘%@'5@9&%9&3%&22%2 a
circular | paeced ¢edyeddméioseen dashisthatorredessied & ¢hg anréage Edg of

t he waf er ceel r: t he

i spl 2y unif o0 B, 20 e B by PP, he s

oper ati on GAPF2111. Wen a predet erm ned determinati on oper ation is
perforygd on thepQp I t eyl a5 CO set, the
proces£§ng uni t 1 Oﬁ% %ﬁﬂ%qg?raé%%% $E % §%§%¥|oné%§%? Y0) of a center
0 of the seersepentarivd wd @af¢s3)to Slﬁ)s@@@@ﬁtﬁ? 13 heapirugedsbinghaini t 100
10 sets an ' p it i c n rcul ar
line CO spg%ﬁg édﬁ%§€ ethgﬁé§ﬂ§9§ﬁ3*?ﬁéggés???gnp?§% W&%B %? % center 0
and haV|ngtéerHQDG®$%IhQ;EPl§n&0&ntQﬁﬁeﬁqulﬁéﬁlama®%r$1qnai$ ﬁrﬁ@ e
concentri c whth Hx?r@'ic? e olhBer D @}&e@%vhﬂgaécéfﬂr}!i@ QaRthQrﬁéS shown in
FIG 15 7. By tﬁl rocessing u 100 recogni zes a ring-shaped area
ELt ng b%rtpﬁpﬁﬁddr©yShQN?|l@n§EGan@ outer circular partition lines d, C2 at
t he opp05|qg skgles of and parallel to the circular line CO and haV|ng a
width LI and a width L2 fromthe circular line CO at an inner side and an
outer side 20 of InhElwafer ty biecchnbre WG, 18Q9dcspeerts dheadmpgige in the
(1 ng- shaped; apeds BLhAGddi e Caplilesl LR0enL Bindf 600G HARgRLLE (S4).
Note that Li, L2 are, exanpl'e, set through the operation of the
operation &ﬁlﬁgel“ia%@ J{eﬁgqgsge@ﬂ:ed[lgmmxezl5—gﬂ§§éqg§ﬁy|yaquqse agflocessi ng unit
100 gei‘@rab%%a%QOé‘V@éﬁﬂlﬁ%dt %RESe(Mdﬂr&y heused f{OfrLVGEEENG the edge
image IE in the ring-shaped area Eung into a rectangular image IR with a

wi dt h equi v8REAl FeP¥erenfiigohthe 19nirq sEyrfarhi of cBw erasiasn 10appeal HLUT)

relates respggti V6 ROSIAd @Rl (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 proceésed) 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 0 (angle in a counterclockwise

30 direction) (S2). For example, a position correction is so
performed that a notched part I11 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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30 the ring-shaped edge image | E having an outer perineter 2n(R+L2) (length
of the outer circular partition line C2) and an inner perineter 2n(R-L1)
(length of the inner circular partition line ) to pixels Px of the
rectangular image IRwth a length and a width equivalent to the outer 35
peri meter 2n( RtLZNeahdct heelid dt Ivigcrdar)lbie (He @dge Lhpge 9€€ as shown in
FIG 8. Spegishceahbyre@s) ShOWAILAGFLG e HESRECLELYE, PRSI ] f afirst
edge i mage ,pasrt IEéré)ei n lerhéfai rst gngul%fr%ger arﬁl%z ?0% %e% <9 ?Qi%%ctghe

ri ng- shaped™éd§e I g 1 goetuakrdt edego hidkepdagbdaoti tist diepflamgul ar
 mage part Ll 1wl thod dengiih equl vab@ntd aridhe bl potoanauliag Sprange (00
5 0 < 90) (;ll?t of .the 'engt h 2n(R+L2), andl regtggct6FVE§p05_| t%&?f? gPéa second
edge i mage PEFETIER2YNTh bl lseclien anguicdeteangeed 9 eraing0jonn the

i ng- shapedageiLARge g Alihcdl hl BhlYodalatied L Pl xel s, azecond
rectangul ar i mage part TR(2) with a l'ength equivalent to tl'he 10 second
angul ar rafgépderolna gy setur ther Proespeicrd vaipos0i dnsiols a third edge

| mage. part A3k kNadd IAiddh ANgH! 3k, ! ageok HBA-dhe, 2000l thd Nt I ng- shaped
edge image |E are related to pixels of "a third rectangular inage part |R(3)
with a | enifcedarvalientCh olSHe tHibspawgilar FangerdBEEd0g0uriR70)0 out of

55 TR D SRR lent resnest e O oge 61 ERIOULAEJAE g P
i mge | E ardr§hPFatiye rl arsgiféegi Rel thofragitisuRt And edraampsizionmge part
| R(4) wi th @&o| engt bregHbvabeils [ dnengfifou ik ARGl ALLIANGE: R70 0 < 360,
0°)- outer circular partition line C2 concentric with the _
circular line CO and having a radium (R+L2) as shown in FIG.
15 7. By this, the processing unit 100 recognizes a ring-shaped
area Euing partitioned by the inner and outer circular
partition lines Ci, C2 at the opposite sides of and parallel
to the circular line CO and having a width L1 and a width L2
from the circular line C0 at an inner side and an outer side
20  of the wafer surface image I10, and specifies an image in
the ring-shaped area Epng 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. Specifically, as shown in FIG. 9,
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[ 0076] The conversion table indicates the positions of the edge
image | E corresponding to the respective pixels of the rectangular imge IR
and is generated as follows. 25[0077] In the ring-shaped edge i mage
| E having the outer peripheral edge (outer circular partition line 02) and
t he inner mespph‘ei‘a& redgéeipnsnef gi fowdtardgar tim@@@)rpdlitneTE(ﬂl) as ghown in
FI GS. 10A osi tions. Po (X0 ), E(3 30..Yi n-1 (Xn-1,
Yn-1) are étrg r’r?rh%@%t r@&ﬁgl ﬁlont eieval 93@ lFu%h %t%h ase8 8?51 resol ution
of one pi xeln)agal blﬁlgaltme:ed@tted perppﬂcnfeksalofedgél(:eutJeecimngullaar ipageition
line 02) a n tﬁ %Igt dﬂ?atl N~ thgﬁ%rL%é[ﬁBC g]lai uently, when
strai ght %n \{\ﬁ reldr?la eng er%g)ll;l 0 as nor ra In ﬁlﬂ (0) passing
through5thea|ngepe@‘t Ve 10095@"“ ons Pt sed :lcnmgttheszeTLZ)p,erar@heral edge (outer
circular p r | % 91 a g régg al3ot0: kB8 r| pggr edge
(outer ci r%u gg par I:Polon |r?eB 2? e Prnar ge%ﬁara edge %I nner
circul ar paetbhdomdule CAnare (56t sa@ sho9df )i AnFLES. rioA; stHEp&dardgd 18, m
positions P = PDO, G e ual Jhtegyal sc L), pet ween an
i ntersecti o!ﬁngk o? e no?@& %15( Eeﬁét%g WEt B ?%e outer peri pheral edge
(02) and am:acrataeglsbmt igredd pPaetedR (M tvnltﬂh@ |lﬁnethpe<wp¢ﬁe1mt gdgehed ) .
Note'lt\]JEt m = +L2{e8 Speci f,i @IJ , (83 (?Jgownl %e nor nal
line 6l( O)S,ecf’ 7 i&'Y Sosﬁl}@i o‘n)sé Bi h sucde55| Vt/)ei%lg shifted
by AX3 (= GossOjons ah axtdhlrreictel:igﬁ 'amigebwathjIE(%)Bsnn@)ttha Y-direction
fromthe paosition P]_at opgi gt a hi Bg oi nt B.
Coor di nat e V& E@g 0 nqehe %%spECEFl v?@og |ons are h?E??& ﬁf% i P%
(X -AX, YiIlzA¥)ye ?@latﬁ(d(jtmkel¥19ﬁﬁa/3§hl%[r@mia]lgular image Part
IR{3) with a length equivalent to the third angular range
15 (180° £ 6 < 270°) out of the length 2r(R+L2}, and respective
positions of a fourth edge image part IE(4) in a fourth
angular range (270° £ 6 < 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 CZ) and the
inner peripheral edge (inner circular partition line Cl) as
shown in FIGS. 10A and 10B, n positions Py {(Xo, Yo}, P1 (¥,
30 Yy), .., Pn1 (X1, Yne:) are determined at equal intervals 9
(unit length based on resolution of one pixel) along the
outer peripheral edge (outer circular partition line C2} as
shown in FIG. 11A. Note that n = 2n(R+L2)/8. Subsequently,
when straight lines (hereinafter, referred to as normal
35 lines) NL {0) passing through the respective positions Pj set
on the outer peripheral edge {outer circular partition line
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As descri bed above, the respective positions set on the edge inmage |E are
related to the pixels of the rectangular inmage IR shown in FIG 8.
Specifically, as shown in FIG 13, n pixels Pxo to Pxn_1 arranged along a
side V(C2) 20 of the rectangular inmage IR corresponding to the outer

peri pher al Cédlgen@o@ﬁé“roqﬁnﬁéultar tlpfartmitttdrorpelriipeeﬁ@ alge Heutdge image |E are

rel ated tp qu?8§d5 %l,g if@e 8?9 &ﬁﬁ the }nﬁéflne3§g§$£% %ﬁ%glong Fhe

out er per|p era outer ¢l Fcl partition edge i mage
lE, and n anpexe%r@;d@r PerPx01yil hrrarigedaae aet iamehosindénofIGhe side

V(C2) of t re ngu |mage pi_xe are related { t he positions
PO A (x0- AD! BRI 0 PR e e ki P Pnet 12 v R set ot
an i nnes siidecofathe( &)ubetwqaemwlheirajere;@gel(mwkejsf ciﬂrec:tmloamcajbalimé inan |ine
02) of the gg; image. | 30 t terval pi xel s and the positions
are sinilar 8 Wl%%t ed Hé?ﬁaP%er u%lfa 595 )Qg?% Ef553<dOr‘|"“'1 t15‘%5§fﬁ(:th?ﬁ arr anged
al ong a si Betleoayt oﬁltthﬁehlee@naﬂgup@rlﬂhm@é ERgeofCEspoNdiagtiar tthe i nner
peri pher al ne artit onll \é%) f the .edge image IE are
rel at ed to( ggﬁzgé?tl %ﬁec %%(xoaﬁm“( rh% PPV L ¢ rmal

(Xn-1- rrAXn-lipeYNL 1{91}9,Ymhae) reepeatnmg gdmetlmner Pperiopllgpabuedges (tairer

circul par.ti of the edge i.ma e IE 00 The
convergqon%%gg% ?ﬁfd§§ ?LIa 2% nunerlcg(Idlr ues f%‘ ég AA‘>{<O “AYO, (Xu Yu
AX1, AY1), dsivifl-#n AX-dirA¥tibnl frmrmctthﬂjlpngltlnencbpradl nhtepvatiuegs of the
respective S{.Li t he o (outer
circul ar pé:rg‘?l %)IEOQ&?I ne l&zfggfhlﬁg t@% c?bqnttgg I Oteoo ékgfl%ﬂ % X0 to
Px0.1), (PxbetoeBxddlivePpostitPods (a- Hgnt()(j,l V5 nePJﬁQWXJHAX})eYWmft h,
direction in %he re ngQIa ge IR 10 in view of the relationship

descri bed abov own P n 14. By using such a conversion table
(HLUT)15thé098§ﬂ)ect| ve positi ons of the edge image |F corresponding to the

respective pixel g;(gx9- 1%&3&(%%%7 i nt%@ %éoc;e%%l)%%bgl{%g\ns%tth Sdirection in

the edge inage |IF are determn
the edge image IE are related to the pixels of the

rectangular image IR shown in FIG. 8. Specifically, as shown
in FIG. 13, n pixels Pxp to Pxy-; arranged along a side V(C2)

20 of the rectangular image IR corresponding to the ocuter
peripheral edge (outer circular partition line C2) of the
edge image IE are related to the positions Py (Xg, Yo) to Pp
{(¥p-1, Yn-1) set along the outer peripheral edge (outer
circular partition line C2) of the edge image IE, and n

25 pixels Pxg1 to Px(,-1;1 arranged at an inner side of the side
V({C2} of the rectangular image IR by one pixel are related
to the positions Ppa (Xo-AXe, Yo-AYg) to Pu-nyia (Xn-1-AXpe1, Yoo
1—AYn;} set at an inner side of the outer peripheral edge
{(outer circular partition line C2) of the edge image IE by

30 the interval 3. The pixels and the positions are similarly
related thereafter until n pixels Pxgn to PX(z-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-mAXg, Yo-mAYo) to Pa-1yma (¥p-1-MmAXn3, Yn1-mAY, ;) set along

the inner peripheral edge (inner circular partition line CIl)
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15( X0- AX0, YO-AY0), ( X0- mAX0, YO-mAYO0) and, simlarly, the respective
positions of the edge image I F corresponding to the respective pixels (Px,
to Px,) in an arbitrary (i+l)th rowin the width direction are determ ned
to be (X, Y,), Y,-AY,),Yi-mAY,). 20[0080] The conversion table

( HLUT) doestnsher efige elmade e positions set in the edge image |F and the
respective pipxehs of the rectangular image IR as shown in FIG 13, but

rel at es the respectlve positions PO (X0, Yo) to P11-1(X11l-1, YO-1) al ong
the 25 outer perﬁbﬁeﬁ@hv%@ggﬂ(éabéﬁ éHL@U]aﬂﬂﬁéﬁﬁlnumﬁri¢mb‘ﬁﬂy@ﬁn t he edge
|nage I F aq% h@ nk.erv, h? ns set gn t nor wpes
passi ng_t hrotgh ¥ Pesp@%flve“poéitldﬁs 0 'oné ro&ﬂbf‘tHe pP%éI n the
width dbrecti blﬁcl-j#ditf}ge theccapyddmaty W@-@eﬁmést@mﬂeﬁtﬁVﬁ 14. Thus, the

30 conver skankabhe f1UTh, oD (QITRAL! 806 SIBL Ry 21 Lbd he resul t

that the capacity of a mendr or st ng t & can be feduced. [ 0081]
Referring H&gkefockraila; Rﬂm§nt@h@ bh@@éﬁ@l@ﬁ'ﬁhbl@dQSJ@HB@TﬂElhdlcatlng
the positigpg @f . Lhe echmpge, | E goriespondi ng topd respective pixels
of the rectangglgr |§%%e ng% fhe rel at?onghlp dg%crlgéd%26“0 )%IP

gener at ed, OﬁﬁeIQWoé@s%mmg“@ﬁbtdigecgéﬁéﬁaté§6aﬁeph$@m@k&mdmvemsﬁﬁn tabl e

(NLUT)loco'lYle'ir%%Lwyof'ﬂﬁjéQ@l‘a@@ohgﬁlﬁoéé%dﬂ?%dﬁ rbhE é&‘%k?c%lu ar gg ge IR

corresponding to the respective pixels edge | mage The
respect i ve lfosi BY oifsingf stk @ ecerarriiiisan itakde KﬁLWﬁhd1ﬂbﬁerE§D@m¢w@md wi dt h

caui vl ent i 116 Leng h 2UBel 2heaahs N MBI L2) s, shown 11 FIG 3

are related to the pixels o (edge inage he origina
ri ng- shape@eépéétEE?H@P&ﬁhﬂ1 Eﬁe'@mﬂ%%mbeﬁiﬁﬁﬁeﬁllgtZﬁ@RﬂﬁQﬁhénHl@h@ i nner

perimeter 2neR-kidn §quk;%% E|¥ma@?ZEEQW%'d%t%Eﬁinééfa der(ﬁ

conver si on table relates the respective positions In flrsP recfangul ar
i mage part (KR(A¥o, witbtAXche Lenffdmédui viahaAlot andhe sfiinisarangulher range (0 0

< 90) out qtesba@thea%&l%%ﬁgtg): ’cHet&‘i‘?é aSRee! wecérﬁr@ggs@mngf she first
edge |nagea%gd§§IE (1) 1nthe first an range

ring- shape SPRafve Pizsds éPﬁiﬂé?ﬁ%uteﬂétéﬁ @?k@?@@%@dﬂ#&é p05|t|ons
In the second RECERBOGM &h IdTREELP8Aa &R MiliBelings 18006, vy),

(Xi=AX;, Yi-AYi), .., {(Xi-mAX; Y;-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 Pg(Xo, Yo} to Ppi(Xn-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
one 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
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equi valent to the second angular range (90 0 < 180) to 20 the respective

pi xel s of the second edge inmage part IE(2) in the second angul ar range (90
:5. 0 < 180) in the ring-shaped edge image IE. Further, the inverse
conversion table relates the respective positions in the third rectangul ar

i mage part iMRES) IRilkh thee dedagianshpn disemioed eheve hHis deangated, r ange
25(180 :c Qns 2£0) f.hRehen ]%HE§+ ) espectve pixels of
the third eggeg?nﬁagg%gfﬁnﬁg(%?gi%&?%Q t [rﬁ éﬁ%ﬁ%%%f?anggg%?§o 0 < 270) in
the ring-shapéd &d9el) numpaveEsahd; Indidedringr éhatessitieonsespethéve
positions i-a-the.fou th.dectangyl aLd & t L R(A) S WM he; th 30
equi val ent tS thgugour?h(%%gulgg ?%ﬂ%e %2%8%% E %%O%s%%éq%g%tﬁéggggpective
pi xel s of PHethouedde cdgas FEgéSpart ThE( a¢spect hiee fopgithoapngel dther ange (270

0 < 360, O)cbRahig L1 NGiaPARed, eOgeAdMAR A E ?ggo‘@@@%ﬁ@ﬁa@a{ &, et hod

for generating this Inverse conversion ta NCUT ar to that for

gener at i ngthehéeconvelsirdfi2t abhe (i WiKdtdedEirb2ll aborewn] @88BIGWen t he
gener at ed. f e o ones e na e 100 carvarte’: e dtae Ceage | epeci f1 ed
in the captbredrigdgel |ringcishdprag 2¢rn Walgrwir ftdte duagepsdOndtieto t he
nver sy Shueres T Was b ar S AR Bl b PR SR on 1 nto
an i mage i AhEWB BigiGalli f§eshapese CanveasEphniep igeliavagethE) usi ng
the inverseccgayer sl qind;ally S(NTUg e (st m%@angafafaiﬁ&ageegawﬁge |
including the image obtal ned by the inverse conversion is displayed on the
di spl ay unfR{1}2witihethisdengéhf eqnsvalgitedet éhai hidtsopaatlpgnrangexecut i ng
registratiQBOQ§%pQ 56% Qﬂﬁy%EiQHeuféﬁgth 2n{R+L2) 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(Z) with the length
equivalent to the second angular range (920° £ 0 < 180° to
20 the respective pixels of the second edge image part IE(2) in
the second angular range (90° £ 6 < 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° £ 6 < 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° < 0 < 360°, 0°)
to the respective pixels of the fourth edge image part IE(4)
in the fourth angular range (270° £ 0 < 360° 0° in the ring-
shaped edge image IE.
f0082]
35 Note that a method for generating this inverse

conversion table (NLUT) is similar to that for generating
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15 111 unless there is any problemin the captured i mage | di spl ayed on the
display unit 112, particularly in the imge part of the ring-shaped area

El am Upon receiving an operation signal based on the operation of
executing registration fromthe operation unit 111, the processing 20 unit
100 registers the center position 0 (X and the radius (R) for specifying
the circular line CO (edge line) along the eoge of the wafer surface inmage

110 set asyescrihed:abovg,1d harprdt hssdripeli2abseum the circular line CO
i ndicating the boundary lines (O, C2) of the ring-shaped 25 area ELL-iv

the conver§%al tabl e (HLUT) , the inverse conversion table (NLUT) and a
circular nmain anganobhai aasddyiexctamliengut.be) riddg+shapeseaea ELL, g from
the circular areg of the wafer surface inmm 0 and havi ng a,center
bosi L1 on (ST ML AL AL (HA BPPReCar ft8r RAPCHASRY RE8) "and 30
finishes thel prosesss Tk sedegiishgat iDsgaoocess tantie cpethioysred for each

di aneter of wafers_t e inspected. [0084] Note t.the. .user can capture
an i mage o%m%%ee%sﬁpfg%(gm Y %ew%\g?rers[ufgéc%jejtmear W trllget HETi'Cul ar 1ine CO and
the 35 wi dtéstdrigula? frerge IR waieg Wwr favecyqipge tabhle atil.Uenendt e t he

| | _ _ | _ |
conver si onet Al GELLTe AN e LDVEISSCONNBERLON 30! £ S LHLYT) agaln

if there is any p the captured i y I n the inmge

part in theyrilfycongpediar datPupy BHME Aedtharouighreher EoFvaEESedn and t he
i nver sg; copves $19D seeesses 18l 0088ly the inAfl@r cbherFQehstald on process
is finished as described above, the surface inspection device can inspect a
surface of BHEH vafer Teer/afhenagetefed &gt f 2 0P PHe Ward2920 to be
i nspect ed bistgiapiupedely iRereanesardiizibn30s i spnat/be dreahani smunit (see
FIGS. 1 tod3 far{,d thi ?%%)ceﬁ%l ng _uni tr_ 00 that rﬁceé ves idmage signals from
the canera 3¢ pér t of s SERE T H e BoPHERTE W% procedure shown
in FI G 1l6operation of executing registration using the operation unit
15 111 unless there is any problem in the captured image I
displayed on the display unit 112, particularly in the image
part of the ring-shaped area Ering. Upon receiving an
operation signal based on the operation of executing
registration from the operation unit 111, the processing
20  unit 100 registers the center positicn 0 (X,, Y, and the
radius {(R) for specifying the circular line CO (edge line)
along the eoge of the wafer surface image 110 set as
described above, the widths LI, 12 from the circular line CO
indicating the boundary lines (Cl, C2} of the ring-shaped
25 area Eging, the conversion table (HLUT) , the inverse
conversion table (NLUT) and a circular main area obtained by
excluding the ring-shaped area Egjyg from the circular area of the
wafer surface image I10 and having a center position (¥,
Yo) and & radius (R-L1) in an internal memory (S8) and
30 finishes the 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 C0O and the
35  widths LI, L2 for the wafer surface image I10 and generate

the conversion table (HLUT) and the inverse conversion table
30



[0086] 15In FIG 16, the processing unit 100 converts the inmage signals
successively supplied fromthe canera unit 30 that captures an inage of the
surface of the wafer 10 to be inspected into i mage data represented by

pi xel - based gray val ues and obtains a captured i mage including a wafer 20
surface i ndgéU(ltdatalyim epl edeantd ng the enbblemsimféuecwthMedm@m@geID-as an

image to b (s g C Qis waf er

surface i 5%%?%8 € d%%ﬁl EF%ggaﬁage g%ﬁ%%y%ﬁhgtéH%% gﬁn%btaining

a capt ur ed dorageedl thvchugdi ridpea cwafrers sur faace tiwagavéa26s dqnvexsanple, as

shown 25 igg%EgFS%gA the processing unit 100 corrects the position of the
ge

captured i on the image menmory based on X (horizontal coordinate
axis), ¥ (M&06ib¢al coordinate axis) and O (angle in a counterclockw se

di rection) (SlZ)fEEQ %%ggagﬁgﬁagggbtégghéégr§§ dggshgds performed that a

30 notched part (S p05|?|oned in a
predeterniWG@Cdubedtamwweandimheummﬁee Enﬂﬁaunaqnn3991¢Q0can;1nSpect a

posi t{ on- corraeked 81 AlLAn 1@, oG, (56 FLES e ANd0B 3t fbe {1 e of

the registration process as stown | and capture i mage
after thisw8epodlttoroeanrsgeidten is cavelmpgedyoththeamemyeuremily. Note

that, 4 e raSRecRufiebeah AL Dlrt S Preges o, an QU Sloc adgpgpart o

the wa surface T mage rocessi ng unit maps an
inspectlontanéalDﬂ tmEI[KEﬂGMWES coagecs sxhadaf drosuithaceanamgeni203based on

the.5 Ce”t%fxE% 554%%% Ogcﬁngdég éﬁ%ﬁyg %@%ngurg ddEY'Hg t he

regi stered C|rc and t spec ying the

ring- shape&ﬁéieé6Eung (S13). By this mapping, an image in the ring-shaped
area ELIngfd% %@e0|f|ed as an edge inmage IE and a circular nmain area (wafer
main image wth'a 10 radius (R-L1)) obtained by excluding the ELing (edge

i mage LB) fromthe &l€a bf, ttte waferssing aoeit Mdfe co20eirss speeiiiage. [ 0088]

Subsequent 'sYr 1@ Qu88§%§uﬂ%;}~'%§p198dcﬁ%?rtth% 0fefd96n ] {BAF i Which is

t he i mage i the ring-s
captures an image of the surface of the wafer 10 to be

inspected into image data represented by pixel-based gray
values and obtains a captured image including a wafer

20 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 120, 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 ccordinate axis)
and 6 (angle in a counterclockwise direction) (S12). For
example, a position correction is so performea that a

30 notched part 121 of the wafer surface image 120 is
positioned in a predetermined direction and the wafer
surface image 120 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 corxrection is developed on the image memory. Note

that, in this case, a defect part D1 is present on an outer
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15 ELing obtained by the above mapping into a rectangul ar i mage | R using
the conversion table (HLUT) (see FIGS. 13, 14) described above (S14). In
this conversion process, the position in the ring-shaped edge inage |E
correspondi ng to each pixel of the rectangular imge IR (see FIG 8) is
first 20 oktgienpdrt rafntthtee wedrvessi bace allage( HEUT) . Subsequently, the gray
val ue at tt’t%O%lqt]ai ned position in the edge image | E i s obtained and
determ ned as a'gray val ue of the pixel of the rectangular imge IR
correspondi ng t oThki preusigirgnuniit §H@ pasi tAroAnshethecrdyea rmgeheE _
mat ches the pixel, Positdand 0225, be, edge amgerhb. pdliey Gdypyal ue of this
pi xel is determned as a gray value of the corresponding pixel in the

rect anghil arcentregepd i t Fur Chelp, i Yo)t hedpolst tiagh usn (RhefedgepdardyénbE does
not match the pLxel.positdqn.h0 t he,£dge JMRGR! Fiathe drayovabye of this
pi xel is determned by an |niferpo at1on process based on the gray val ues
of the pixelcddiyioundiangirig-shppsdtaors Fand (i .grBy vialuendppidet er m ned
as the gray v of t.he rre i | xe|l of_t ; ngul i e IR
[0089] J5THE SHAEeT HgEN B Soane 2 EH Che TESTanon) aF FiodelR by
det er m ni ngrslye JEagnd & uescoflarhmaiespest | (Wefepi kels imadeherifbceangul ar

i mage as .t aray- I he posii.i in.the e I kel ated
by theigon\%éiﬁg'ﬁgn(ga%#@ %ﬁ&g elhnBYh?%é%%?l%g&%h?%mcg%\%grbmn?%%g%rlggess, as
shown i n FIf@oml8heaaféa sif ddgewhfagespafacd Bfidpei h28 i$ rspedE famdul ar range
(00 0 < 90)[0i the edge inmage IF is converted into a first rectangul ar

i mage part IIQ?JE.)] with a length equivalent to the first angular range (0 0 <
900) out of the ISshgequem({Rul 2he ardcasseedithiddde0i agecplad ttHeE(2) in a
second angul e 1aRgE {90 it 90 chl 1 er'i@lgthéoﬁngp%ﬁeq%%feg?ge |Fis
simlarly converted into a second rectangular image part 1R(2) wth a

| engt hikquiBialemblitad nee byetba chlzonpu@ppiaggenfO® e angodyr Furd<sher, a
third edge 4 I i i ﬁﬂgﬁl ar seangec§ 1803 0 15,270) in the
ring- shapesﬁggngﬁ{a%ee iegsggﬁvté?jto%% I'nto )a (ts_hi rd 15 rect ang}ul ar inmage
part | R(3) descrigefienppite efiivVal e thy st envarstormjidcassyaige (180 0 <
270) out of_ the.len h‘%%'n( +] 2 ihcedge .k Hafito EG4) in a
fourth angﬁoas:l%rlgﬁggﬂ( 0 ﬁg?%hgﬁggoéd%f’% r?%tehe eggg?fgﬁ%ege lI is simlarly
converted igach aikeureh WectracgahdaplanayeagsadR (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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20 IR(4) with a length equivalent to the fourth angular range (270 0 < 360,
0). Inthis case, a defect part D1 present in the second edge inmage part

| E(2) is converted into a defect part DR1L of the correspondi ng second
rectangul ar image part IR(2). 25[0090] Referring back to FIG 16,

upon gener gl i80s tihe thect-apgihqil 4 MBeRgLRIRt A HOGRSS RgLUaE tatlGheappl ies a
one-di nensional filtering process to the rectangular image IR to enphasize
def ect parPRSTBA®)S inthfj SdgmeRRdfeddi sRAPESD T 116 FRYPFOtEss, the gray

val ue of e@ggléagggﬁqpﬁﬁethi§ ief er gl el baseteR i bhepasadysdjalages of the
pi xel s arranged before and after the target pixel in ? direc%ion or t hogonal

to the w dEROWRrEEthIGn &F: t Aeltieth &M dAPeFfeae® I RE (el & Wit ection
paral | g tnduBls 3l gk gbﬂ%%(@%()sq«% EhG o8)e 3nyd @ndiBg in a horizontal

direction and corresponding to the circular Iine set ? t he edge line of

the edge i figgEeTed 1BFOsac 1%@%ﬁﬁ§%ﬁ%ﬁ%%%ﬁénéma$?IH%Eq‘ﬁﬁ(g otEk] 23

processed [ e i 4h-4-h si begtg parhsy 1 s
i@ﬁ%?i?%&a\‘ﬁvalgﬁg t%%é’“ flt}éte%nﬁg?gﬁ J}%aﬁﬁj& de 6 RaKs)

obt ai ned. Spe y, as shown in i r'st processed rectangul ar

i mge part oPRpefl)theordeaspbndt i + Wadsaf peeerdRfdcar "2eRge2¥® 0 < 90) is
generated t£os the fidsShnheshanout afardmpgeopad b kR{ddo)canr eapopgdiqig to this

angul ar_ran a second processed rectangul ar i nage part |IR2

) ) ] 2
correéﬁbndﬁggp?%e%HEE§€@8ﬁd15nb%l%¥mﬂéﬁ&§'F@@ﬁeﬁt 186 ?ssﬁéﬂ%?ated from

the second Leehafgid@rimaGRIgaparir &0 WREB) acOen@SPaRfiing 1katt bb stiangul ar
range, a third processed rectangular i mage part IREES) correﬁgonding to the
third angubagordmpoylegorsngg LF7e) 0is er atler tegm 2hEHT e

rectangul a&méaéglgmp@rﬁ (BR(3) SOFKESPORRfNGrt Qb S(BIBULaE < ayge) and,
further, a fourth processed rectangul ar__inage 1 é%é 1 Ro(4) ﬁgrrespondlng
to the foutthtafgiing shaRge €999 @g%é%{lé)CPEV%E dte@ fr5ithe fourth

reCtaQQP'a&ebﬂaﬂ@uﬂﬁfGﬂh?é4ba§@rﬂﬁﬁﬂ0ﬂﬁk%gatth@i§ @angwlaaentangethd n this
case, the defect part DRI included in the second rectan%ylar i mge part

IR(2) is efiphadi2egilard rgeder 418 as9a<def®dt ophr et DR FHIth t he second

processed Qﬁ?ﬁ@ﬂQH]%ﬁmf%ﬁQSUPQEteéégxﬁﬁage[999@]IE(4) in \Wheayut-he _
one-di nensi onal fllterlngggrocess 1S perfornedton the rectangul ar inmage IR

to obtain BREUpRBCENEE] (PdET andukasoPvadl) | BE, thhEgofodBegenEuli t 100 25
inversely goRvekrtsy theireeassetorgctang aeckangeld REmaget @aan i mage in

(NLUTY QSTER (40 o & 7ok BesBohTRrSTor e Sar he ORIT: o8P Che
processed (270° < @ < 360°, 0°). In this case, a defect part D1 present
in the second edge image part IE(2) 1s converted into a
defect part DR1 of the corresponding second rectangular
image part IR(2).
25 [0090]

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(C0O) (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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rectangul ar image | RE, corresponding to each pixel in the 30 original

ri ng-shaped area Ewng is obtained fromthe inverse conversion table (NLUT).
Subsequently, the gray value at the obtained position in the processed
rectangular image IRp is obtained and deteLm ned as a gray val ue of the
correspondBRgspeked dre-idiechsngnshapied carieg Swogesd f o peopesstdon in the 35

processed rectangul ar imge_LRp /mtches the ion in the processed
rect angul aFeF%}ﬁagquﬁ),l &%&W% %Ei ofTPHT 12%4 f'%l%secg Hatet fithed as a
gray val ueobtaﬁhedcospe&mﬁmdéang;,piaselshbmnt be H"Icng-lsghaaeﬁlmea ELi ng.
Further, if _the |t| in_the, processed re ul ar e es not
mt ch ¢ he BFREFSBOR 1T ORI e Ao LB 6 Ceuad TFebt Agi SePPHAGEY 1 b Tehe 5 gr ay
val ue & tlﬁnssﬁ%h@mm irsndet epmangd<byogn 1lsn1g@ﬁ@9é@éd m‘toﬁ{ egess based on
the gray VZ| ueSn %he i xel,s surroqiadf&:?qI gosm on g this gray

val ue is dét&Phi hed-d¥ §raye viaitle i h&OEB PRYY %8l in the

ri ng- shapedgaiea Eindgg H[s@082E processethecptangsbed Jrnea@feapgutar i mage | Rp

is converted i tothelnaelntherln Ha ed area ELIn?é talna
processed &8yE~ i MRye SFRANBY Ut riishiSRTOPRe TR Y dogEgSof aén pfxel in the

ring- shapedsgarea Flget@rated HFay il becahdt BecdinhfnErespegdi pgrposi tion of
t he pr{)é:esigﬁ gect an uI ar mag %R{) rel at ed bé t he H}ivrhlrse conversi on table
(NLUT)EY By HRAP Fﬂ% i BATPrvdyL NgRovh TTHE BFO585SFhe first
processed trectangular Jmmeppatt IRR@()l):omespcs:mndj ng thet bieifdrst angul ar

range (0 0 < 900) is inversely cony ed 20 into _a first processed edge
i mge part aPEB? % F?P‘i’%e(]@zgg X ?ipgréﬁg@enﬁﬁ@tg‘éc%’fﬂi“ d:gk?c bdgd

rect angul an:er:ﬂaggupar tirda@@( &hrcomegpomhm@pbndth@ seadrid angular range (90

0 < 180) is |nvers verted i nt a second processe mage part
CEn(2y 1 n TREOE AT ar BT, afgso Tt Bl 0s P Rl E D Sfe gl ar | rage
part |R2(3paeer EE§mndﬂo@ge§§oﬂicﬂﬁ&@ Riar (ihénguhﬁth l’a’iﬂﬁﬂa(rl&@n@e< 27®) <i s

Lg\r/rgrzﬁl y éonvg%@ to a thi r(1j:e gess ef([j?%& b g A art p&ng in the
gul ¥ HRER PBUrth &assEd g af"aPei mage
part | Rp(4paeor EE@Dn@bm@stp@ntihlﬁgfburt}tuﬁmg‘lgxﬂrarr aag@e30az7®h®s<cé§:6@ 0) is
inversely ¢RAvEL tfgcqtlfpe;[roc PR Olﬂl'gzjhuded in the second rectangular image
part IR(2) is emphasized and generated as a defect part DRlp
20 in the second processed rectangular image part IRp(2).
[0091]
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 inversely converts the processed rectangular image IRp into
an image in the original ring-shaped area Fiing using the
inverse conversion table (NLUT) (Sl1l6). In this inverse
conversion process, the position of the processed
rectangular image IRp corresponding to each pixel in the
30 original ring-shaped area FEriny 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 Epng. If the position in the
35 processed rectangular image IRp matches the pixel position in

the processed rectangular image IRy, the gray value of this
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processed edge image part |1Ep(4) in the sane angular range. |In this case,
the defect part DRlp present in the second processed rectangul ar i mage part
| Rp(2) in an enphasi zed manner is converted into a deflect part Dlp
enphasi zed in the 35 second processed edge i mage part | Ep(2). [0093]

Referring pagkitos Fddserbfineal hera 9gney alding bietRE acnssepdoadargi mage | Ep
descri bed above, . the processing unit 100 perforns a two-di nensi onal

filtering protésitomadinvaghaPrdthectifnout af Uraritareh it ZrsdE18Y

excl udi ng tRethéngroceshapedcakfguth Angdcomrt heods eacohat e wafer surface
i mge 120 obtained by the mapping (see 513) (517). Specifically, the gray

val ue of eBeKSLaPgettifikéin t&edefersiinct 155sefIBh2T nEagcay Roal s of

sur roungli ngriyovel BENs atalsl Yoai f angets Riotelrmih8dJoy @irght pixels
surroundlrrlrgt e target pixel) in the 10 inmage (wafer main imge) in the
circul ar PheaPehatBp RHocsesi RgSeddr dhengraymedsiohal et BEF#bS process,

a prOcesse@uﬂ@ﬁaﬁdﬂﬁ?ﬂjﬁﬁﬁﬁ@s&ﬁigﬂl&hﬂ?dﬂuﬁh%rg9f€§lu@aki%e@é@m@ﬂ&@aSiZed
in this processed wafer main inmge. Subsequently, the processing unit 100
conbi nes t RE pPBcBEREdHdFe Ofmhlie FRPrEPANG NEhBLFRbCEESEE RAPEr mai n i mage
to generatghgpgangf@apgggessed waf er surface inmage 120p (S18). Then, the
process@ng%énlt 100 perforns a defect detection process on the generated
proces% d Perlsurface i mge 120p (S19). For exanple, the defect parts are

speci fi ed based gReapdsnsidan 2@cdbabnl HutimyOfIr, hes pisRssed vafer surface
i mage 1 20. The_grocesm ng unit 100 generates information for%%?em fying the
def ect par t9Sd&FREE et Jy'd Hé"deFRRPCYH &R Foim pro LN 2ePTefeitad

i nformati ordge. gmagdef B! pRUABEEENINGY theeptsy eonidigratashobitdie idef ect
parts, are%?1 of .the defect parts, 25 degrees of flatness of the defect
parts, maj O Candn AT Pk &3S Bkt i35 8s F8pBr )1 Hat¥d 46 the defect parts,

def ect 18| agsirfbepbh@ing Lﬁﬂ@ﬁ.&&oﬁl\@f)th@g@dce%@@ds teeesndlierdetegt IR,
i nformation épgether th the processed wafer surface 1 nage 120p (S20).
Then, the Prog&Esi RY UM t1Y6FSEateRECIHPTHit e ey (BBUThi t BY15Mt% di spl ay
def ect partisnvbide ERpvedBipranaobdpsspecidigRsh by the. ded eaihd wiesaati on
together with the Brocessed waf er surface inage 12q$ as shown in FIG 21.
Not e that, BAWCRFE’ DHECH WG e cPPArRAIY pRes T pedi 15 B@ G P he pJ‘_r}EFcess_ed_
edge i mage diERtraBAqghher othefe def ecty pabhs) B29.inPRRs3Dy anshJdicar e specified
on the_ processed ggfer mai 1 i nmage. éOO%%#E In thg I mage processing
perforfied M h8 WAFer RUfGescsd ReBRcITRT dartcdEabYcritbédadd¥e, the edge
i mge | E i relgudaRgrifge Cittellsatohiingr &% sl g cchangduer ofmddee paater surface
i mge 110 %ﬁgcified in the captured image | (inmage 5 to be pro%Fssed) IS
conver ted iffedt HPTESPRRGENEr B¢ elife I9RCBAdARAR dhe-diaerdsPoral® i I tering
process 'S_H@@PfOiéﬁihVEES%myScbﬁ@éﬁﬁ&ﬁ“ﬁﬂtolHagécéﬁﬁ prdte skl 8dge
one-dlnensH%%%% 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 IEp(3) in the same
angular range and, further, the fourth processed rectangular
image part IRp(4) corresponding to the fourth angular range
30 (270° £ 8 < 360° 0° is inversely converted into a fourth
processed edge image part IEp(4) in the same angular range.
In this case, the defect part DRlp present in the second
processed rectangular image part IR:{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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filtering process is perfornmed in the direction along the straight Iine
V(Co) corresponding to the circular line Co 10 set for the edge of the
waf er surface inage 120, the processed edge i mage | Ep obtained by inversely
converting the processed rectangul ar image | Rp having the one-di nensi onal
filtering procesfegertongeshdihaice@Gl s1sphstat iehkyading nege obtai ned by

performng _the filtering proce al ong .the 15 edge line of the wafer
surface i nage Cffﬁ?dﬁ‘lﬁ%e? Jir‘i‘ag(?eiﬁﬁe‘ie%%sl&egl aPPEeeaStd PIO6EEFHY HE itrage
(processed lédgecifiages | Emwdradinag st beaf i fiedMaoppecesss proper ixager f or med
thereon in .th%&area of . the edge rt. of. the wafer rfac%irra e 120. [0095]

h a S
20Si nce the' ec%ﬁ?lbjcae%g@&neaégai et ] )byh%icﬁb‘g’trﬁ% 9 ¢FP'¥ng process
proper|§ petfapenedréhelgonfiromt tiee anea of the wedper pantfaet ihegavafer

surface i m 120 .is ohtained,. the defect p DI | acat ed_on the edge
part of thé)%%ﬁleFdst@&ee n?a}?é’glélglgﬁe%aﬁl Is%rlgé‘pr%&ﬁcs%? agéi’ec?}é‘?j simlar
to 25 the defgcwapactst B2pn BIpgandpDéel |i®@te¢érmmnédﬂeaa{ﬁcﬁrbonmiﬁé i mage
i nside. [0096 t hough the edge image .|E is set to be the inmage in
e T ng: RNy VAT B° e et nai i TR RS al P et e B ERL pdag
line set ine.e wafet sindlaceurragedl2d e thegesbpdkeentirofthizhe present
inventiﬁn descri ged above, i.t is,also possible to process a garti al i mage

in the'Pind™SH5pdH Erod™EN 1Fag8) ¢ i EiTEgETI BRIt @R edge |ine of
an obj ect sparffaceing foth & cwoedlimentisres]l MiN tariagbptsdssys, 3% curve, it is

o 50 Doss! Bt BBl oS855 SRS PPN e BB G aee
to the edgeniphaeiasdain edges ipragesséd wdfiexr ease, ihbge edgabkaggent sy,
Fespect | ve PESPEPERS” DO LHE tedl FRBGL Faiifg EAE- 5o &1 FCFargP206r VB shape
and r espectande thexetscefsdderafeet magul Bradarage gensdage pi agiesged rectangul ar
LPae L L ESLRBLY SIS 0L0: RO, PR, (B1RFOS9RE, 008G, MROe) TN the
processing unit 100 performs a defect detection process on
the generated processed wafer surface image I20p, (819). For
example, the defect parts are specified based on a density
20 distribution of the processed wafer surface image I120p. The
processing unit 100 generates information for specifying the
defect parts detected by the defect detection process, i.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
classification numbers (NO.), etc.) and stores the defect
information together with the processed wafer surface image
I20p (520). Then, the processing unit 100 causes the display
30 unit 112 to display defect parts D1y, D2y, D3p and D4p
specified by the defect information together with the
processed wafer surface image I20p as shown in FIG. 21. DNote
that, in FIG. 21, the defect part Dlp is specified on the
processed edge image IEp and the other defect parts D2, D3
35 and D4p are specified on the processed wafer main image.
[0094]
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10l n the image processing nethod and device according to the present

i nvention, the one-dinensional imge processing perfolLnmed on the
rectangular inage IRis not Iimted to the filtering process. The

one-di nmensi onal imge processing is not particularly limted so |long as the
gr a% val ules of ﬁ1ﬁ5_tygé h&rnggget pr@t;e@is%@dj %)@’ﬂo&ﬁgadiiilntlﬁ@adaiﬂdr?ghir@ﬂce
orthogonal to the width direction of the rectan ar, i na are
succegsiveP?SB?6E€§§éH?”fﬁDQQFCth?%éﬂ%ﬁﬁbdFhﬁngg%ﬁ F%%ﬁ%&gsent i nvention
descri bed 20cabevey w@fd eirheapr oces say d1eatangyl edgd rexgenkRpaisr obt ai ned

by perform ng _the one-di_nmensi onal i mage processi ng.(one-di nensi onal
filtering ﬁPg3é§§)lWﬁ9§l%%oréBﬁﬁhﬁh?%fl ﬁgﬁbcﬁﬁFEB%%é¥F§HE%?gﬁW?%% edge

i mage |, Tﬁ'&ebﬁr9§@§§%ﬂsd}e(ﬂ§a@@ﬂ{r@ftédﬁgﬁd Rpei settvefnselry ieageerkted to
generate the processed 25 edge image | Ep and defects are detected in the
processed é&&etpﬁfﬁﬁ?TqﬁTﬁﬁé&gﬁéil§}1W?F%Qer58ﬁﬁ?ﬁeh§i?ﬁﬁﬁQFme fBver, such
as in the ease ebceomgynidet eahiyjpgIkhe sphesenses nshsereeiohatef ect parts in
the image tqQ_be processed, particularly i

% in the edge |im | E, %he processed
rect angul arf rEGEY B &Sds 280PR6ECHET nve EIQlE%HVEFigﬁfgﬁdt fie defect
det ecti on preeeght CBIhdEr (o) ebredspondiiry proerssedraeimngueacoi mage | Rp.
[ 0099] . Further, although the Cﬁ turgd inaﬂe of .the sem cqonductor wafer is

F H

the i mide 6 hECHr brsdF of 43 it YOPST he” pr t invention
Iolescri bed @Q@b@;ss%@eedd@-gﬁ%ab@ be, mme?%adbyﬁmfﬁﬁuyt icoukartingd itrd ed so
ong as it includes a surface i nmage certai.n object. | NDUSTRI AL
APPLI CABI LIPT-‘?CFG:‘L%%]I ngder E;@ag%bﬁ%fe,ﬁamgi%@georiﬁ-aﬂ&@s&?ha%t hod and
devi ce accanidicBgihg pha-dyLpeitfornventicrediaie anbetéiecialdfly bai ng able to

obtain an i mge having 0.l Tage D ocesylng L opeLly,PELIS! THd Lhergon Th an

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 120.
[0085]

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 Dlr located on the edge part of the wafer
surface image I20 can also be precisely detected similar to

25 the defect parts D25, D3p and D4, located in the wafer main
image inside.

[0096]
Although the edge image IE is set to be the image in
the ring-shaped area Eping 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 Eiing 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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obj ect surface inmage, are useful as an inmage processing 10 nethod and an

| mge processing device for processing an object surface imge represented
by pi xel -based gray values and are suitably applied to a surface inspection
devi ce. EXPLANATI ONS OF LETTERS OR NUMERALS 15[ 0101] 10wafer

20support | pgedechatrrssd 2dilcabl &n22adi Z2hsigpperthagohely t20 thecadgea unit
?igiguninagkgglﬁnit 5qpase 55fra§? 8 carrga e.%g 7Q§Pigting mechani sm
stage 72 i A9 ThiF9C00pFEEessithg i £2T310pEr 960 *HAPEY 80 112di spl ay

unit converted into a rectangular image based cn a correspondence

between respective positions of the edge image having the

5 arbitrary curved shape and respective pixels of the

rectangular image, and a processed rectangular image is

inversely converted into an image (processed edge image) in

the original curved area.

{0097]

10 In the image processing method and device according to
the present invention, the one-dimensional image processing
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 orthogonal 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 1s inversely converted to generate the processed

25 edge image IEp 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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120drive control unit 200 noving nechanism CLAIMS 1. An inmage processing
nmet hod, conpri sing: an i mage obtaining step of obtaining an imge to
be processed represented by pixel-based gray val ues and 5 including an
obj ect surface inmge; an edge inmage specifying step of specifying an inmage
i ncludi ng an edgeuddne cfurfhecobhepd «Urf aeethimgsbrett.in the i nage to be
processed and located in an area with a predetermned width in a direction
orthogonal to the edge 10 line as an edge inmge; a conversion step
of convert CRQUSTRIAL QeELTAGBILDTY a rectangular image with a w dth
equivalent[ég hze predeterm ned wi dth; and an i nage processing step of
perform ng 8Ré- 15 di nensi onal i mage processing on the rectangul ar i nage
to successivel y psogessritiel gbayeyathesimigea ppbueatity mofthpicxehd arranged
in a directjon orthogonal to a width direction,of the rect ul ar_i mage. 2.
The i mage. BPULERSFH a0t oa bR B AT TR D SOVENH 2 78 7t REFSEbupti o ng' an
i nver se copeensgi anlstiep dbftagenen aindge eaaiogessethagygevcrrgeihy | nversely
converting_the rectangul ar | e having the one-dinensi onal  inmage
or 0cessi ngPEEPEL e LTSN (HEGO AT UGETER bhe oriATAr kr 85 9253, The
i mage procedseng setihwoth dacokd age twsehd mslaar iRagavreiassangl mage in an
area wih 3 Lhoat aRE ST 8 ocessing device £ -
age processing device for processing an
object surface image represented by pixel-based gray values

and are suitably applied to a surface inspection device.

EXPLANATIONS OF LETTERS OR NUMERALS

15 [0101]
16G wafer
20 supporting mechanism
21 table
2Z2a, 22b supporting leg
20 30 camera unit
31 illumination unit
50 base
55 frame
60 carriage
25 70 shifting mechanism
71 stage
12 driving unit

100 processing unit
111 operation unit

30 112 display unit
120 drive control unit

200 moving mechanism
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width in an inward direction of the object surface inmage fromthe edge line
and a second predeterm ned width in an outward direction of the object
surface image fromthe edge 30 line is specified as the edge image in the
edge i mage specifying step. 4. The image processing nmethod according to any
one of cl acneIMsto 3, wherein the conversion step includes: a
position convers&on st of obtaining.a po%%ti n in 35 the edge i mge
correspondi ng to-each §$XEF“%%FF986P A FRYRY T HHE a step
of deteituining theigEdy oladaiay thes pXelbrafinthe aecihengularbenmage
correspondi ng to _each qbtaine ositiaon,in the edge jnage_hased on the gra
val ues of P£§8%E§?€émﬁﬁféﬁgtﬁﬁ $%ep%§? _qaﬁﬁaegr%%ghﬁﬁ¥%sw§8§ processi ng i
met hod mccondingit® o1 abedtr wherata:immgeonversion table indicating the
posi tions of the edgg i mage _corresponding to the resPective pi xel s of the
rectangul ar i nagé"i s“%e eé§p88%5¥ﬁﬂ% SR RG TBERE FOS ortPh the edge
i mage correapoudimng 40 ddve neapest i mes pibéels etirfhee rimcgengataini mage are

bt ai ned using.th [ t abl th LLi S| t
6. The | mgBopHBLESSTh e ROESAEE oIl My PoCR 31 2 “AierrR The | nver se

conver si onpgtapténal netesiidthaiposi diarcdimrebgehocgmvel dicothet eggef obt ai ni ng
a 10 1line as an edge image:;

a conversion step of converting the edge image into a
rectangular image with a width equivalent to the
predetermined width; and

an image processing step of performing a one-

15 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
direction of the rectangular image.

2. The image processing method according to 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 into an image in the original
area.

25 3. The image processing method according to claim 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 e&ge image corresponding to each pixel of the

rectangular image; and
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position in the rectangul ar i mage corresponding to each pixel in the inmage
in the original area; and a step of generating the processed edge

i mge by determning gray values of the pixels in the image in the 20
original area corresponding to the obtained respective positions in the
rectangul ar i mage besedOridthenghayg viedlesagf vhieerespact iieepi ¥&ls in the

rectangul ar _i mage_havi_.ng the one-di nensi onal . i ma pr.ocessi,ng perfornmed
thereon. the rg?tQWﬁ?%a%hd@aB?oﬁ%ﬁﬁﬁﬁﬁfqﬁﬁPﬁoaoa%%gﬁ(ﬁﬁ%ﬁlPSdclain16, 25
wher ei n:  apokhvesseirc aieeksihenihady edsdi oat thg 4hey pesivksoas in the
rectangul ar i ma e,cornesgpnding to{%he‘resgective pi xel s of the inmage in
the origi n&FSBFeh! V% RjgfreratBdBeroi%hani®®and 30t he positions in the
rectangul ar i nage. cor respanhd priceckbBeny especdd wepirkdehg ob thwein mgge in
t he originab inagp are obtained using the inverse conversion table in the
posi tion i HVEFSE 'tonversion step. 8. The inmmge processing method
accordi ng to cl abmdnveafsiWiereble andidaged nekugbagt forsdirdffacaei nage of a
di sk-shaped , sem conductor wafer is oQ{ained a?.the i e %o Fe processed
in the | MaGETBbLEIN M SCERPPdRT Lo ThE ZSBRELLES driiam PAI Simge in a
ri ng- shapedeatenagii d:h iaepreedet genenetedvkaitbrenaaddidwtt i on ort hogonal to a
em conduct or wafe .surfa%geinage i's

5 ciycr ar line %Eon an .edge ,of the .
speci fted as the"&d O?#kﬁﬁ? ﬁntﬁéee & i TRPE SPEEPFRTHY T &6 9.
The i mage peepessing piridiedodcehe distgrdmyulbai thdge wies edbitaih8dn i mage
including a surface image of a_dj sk-shaped_sen conductor wafer is obtained
as the | mag8 L8 HES (TOLESSAE™ hebhe Thigs BHCAFnPAG Gt aHsIon Step.
6 The image processing method according to claim 2,
wherein the inverse conversion step includes:
15 a position inverse conversion step of obtaining a
position in the rectangular image corresponding to 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
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 conversion 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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an entire or partial image in a ring-shaped area with a predeterm ned w dth
in a direction orthogonal to a 15 circular line along an edge of the

sem conductor wafer surface inmage is specified as the edge inage in the
edge i mage specifying step; and t he processed edge inmage is

gener at ed bymismensaloy aanveris ngidiectestangell iaddragebbaytageddel

one-di nensi onal 20 inmage processing perfornmed thereon into an entire or
parti al inﬁ@et??l%Wﬁ?aoppﬁﬁh%¥ngFﬂ§§§h§ﬁ€d area in the inverse conversion

step. 10. aThend R0 rPHeeessi Ngndikt Nedaaecadeiigpdd agkai wiSror 9,
wherein an entire or partial inage in a ring-shaped 25 area with a first
pr edet er m AeBr SRR HHO SN i HRRr 18 S FRERBN CPF UE A h€ &nd a second

predet &y ni pedowi £t N idle aNoayt &% &digte Of rhBesehi &sdictddrmeaksrspeci fied as
the edge inmage in the edge |nage%%$ecif%jn% ste&.1 , 11. ' The i mge
processi ngSHeERER HEGsr dPngPeet eief fsL FRgoSdR_r E13EE itR the €8%%Version step,
the edge i ARggei Spcanedckpt 0 a rectangul ar i mage conposed of pixels in
a rectangul ar array corresponding to respective positions set_ at
predet er mi ned i nPer val 3¢ a5 GFECEFSLRS Parqd i3 hBe &2 ¢ bpposite

sides of apdepaimilel to the edge |line of the 35 object inmge of the edge
i mage and respective positiqgns set at edeternineg %n ervaé; al.ong nor nmal
€ d%%%

li nes Btt hogonal 2% o™ ™4%fe PG AL NEN2 1§ 9% dfffERe® k¥02p&di tions up

to the ot hgempashdiididt hiafer is obtaikhdd ERethabgeady aeesel pgosesdail
according to claim1l, wherein, in the conversion step, the edge imge is 5
converted iRt BN8 IRRISAIRAPINYeY e Romposed of pixels in a rectangul ar

array correspondalOehl FL R Phirt €aPOoshddeOns setialy-prgsal erdanadthnt erval s
al ong the Ionger one of the tmo,gart'lion,lines at thghgpposite si des of
and par al | 8 PESIRHEEdGE MEAER o™ 1M igi5 i RRERCHT e edge i mage and 10
respects ve cpesiil 4 Onsirgetz 1ahgpaedeies MMmatd bRl vahdualangatermal |ines

or thogonal _t,o,the parttion Linee fromifie fgspective pasiiigng vp to the

image specifying step; and
the processed edge image is generated by inversely
converting the rectangular image having the one-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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13. The i mage processing nethod according to claim11l or 12, 15a conversion
table relating the respective positions along the partition line in the
edge i mage and pixels in one row of the rectangular inmage corresponding to
each of all the positions set on the nornmal |ines passing through the
respecti ve tpesbbirofsidrs lgerer @refl bed orediand;i vando20t henpagi ticonkei n t he
edge i mage corresponding tq the respective pixels of the rectangul ar inmage
are deternpﬁg ruggﬁbﬁﬁ dof¥ersion table in the conversion step. )
14. An i mage progessi nghaeitog: merpssshygnedind regerabhgi v nglasirep of

obt ai ni ng i e 1o be 25 processed partitioned two parallel partition
li nes; and%q' g%gr%?%thbr eoﬁogygﬁsb?gdﬁﬁ§brggﬁgeaﬁ% T'fe 'to be processed

into a fectangelkaedi Mge L arpasadudir pixejs dompasedchAngitedrs anr ay
corresponding.to rgsgective ositiong.set at predgteLnine..interv | s al ong
one of the BAPLFT AT FAEFPEPSA I hesd O SPRE T Hage° T o 58 processed and
respecti ve spogpirktensrsiedti npieedeal er i cegl it dongks ahongt rnorarakol i nes

ort hogonal to_ the tition lines fromthe respective posjti-ons to the
ot her partﬁPF&ﬁtFPﬁgilnes &t ‘ehe ?§P°§%E9i§hé§§ prote sP%EFr%ﬁ%u&? gg%ording
to claim3%dyé lwheref nthd pijketcomnuge OIS epiget himagaemyeit o be processed
i's coniﬁrted |nt$.a rect angul ar %n%ge conpose igkxelslérgf% rect angul ar

d_of
array corr &SETarngc BT espett 7V SPETSHSLRICSy *0Fehttet mMn8d i nterval s
al ong the Ioigen oheedfotitdomaipant the osedtiitdsnofiinbe Fregecheo be
processed and reﬁgective. osition? sgﬁ at(FdieteEnkgegnifgﬁgvaJs 5 al ong
normal | i ndESBEEhbESMPSt o e Warfi ISt HeE PRS- tRE  resPect i ve
positions up to tide shohteinpgs tptd@ndingemethod acdG.diflye tbmabaigy
processi ng thogéaccording to claim14 or 15, wherein: a conversion table

relating the Féspécttive positions
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 ncormal 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 composed of
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10 along the partition line in the imge 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 is generated

bef orehand; and 15the positions in the inage to be processed correspondi ng

to the reSp@ﬁ%%yeppEX%b&tahgtmgmr&mmﬁpgmkaeSp@ngﬁxﬁﬁﬁ>despenthed using the
conversion table in the conversjon step.. 17. An.inage processing
devi ce, coﬁﬁ??EFﬁ&?SfﬁaﬁtiHﬁ@geE%B?UF¥£dﬂﬁﬁFya}%ra%ﬁ¥ &%ano% e]l?nage of a
surface of can @bj €6 ;tv@ngartitiond jriccessichg imide ftar bpr peesssagl a

capt ured inage obtai ned by the im qhgﬁfturlnggunitédwﬂﬁgein Lhe processing

unit i ncl udBY: TO%pTRige obPani- NS S eSBT I ATHG! anSehaGe t o be

prOCGSQ?d ﬁ@@ﬁgSﬁ@hﬂﬂ_an@EXektbaﬁﬁdﬂgﬁayt%alpestﬂmﬂxiddh&diﬁgom surface

i mage of the object; . .edge i mage eci fyi nmeans .f.or eci fying an

i mage incIﬁBPnﬁéﬁﬁp%ﬁﬁﬁ?Iﬁoﬁétbgan§3%5]3%F §E¥F§%% ?%é§ﬁ§¥§8t§?%83o t he

[ rrg_ge to be pro;:]essedI and 1mecgtred prbcass aganatitide acpoedit@rind médimi dth in
a direction ort on ta the edge |ine as an edge i nage, conver si on
means for génQErﬁghdﬁFﬁﬁﬂéﬁge image into a rectangular image with a width
equi val ent to the 3bnpsesieirervabnedrivlat tng antk ireegecpioegssEingomeans for
performn di nrensi.ona rocessin -on the rect%pgﬁgar i mage

9@3 ones n h.igage e age rocesse
to suc%%ss vely proded ey aye vl ues” of g pltraf ity of pi xel's arranged
in a direciiigaierihoganalow @fatiedidcidinediaronnafe t derregtedgubatei mage.

18. The In% %hpggcgffi{ﬁé(ﬁgékggoggcggénég]gﬂ% %E%Rgl lines passing
through the respective positions is generated beforehand;
and

15 the positions in the image to be processed
corresponding to the respective pixels of the rectangular
image are determined using the conversion table in 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 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

35 predetermined width; and

image processing means for performing a one-
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17, further conprising inverse conversion neans for generating a processed
edge i mage by inversely converting the rectangul ar i nage that the

one-di mensi onal imge processing has been performed into an imge in the
original 10 area. 19. The inmge processing device according to claim17 or
18, wherein the conversion neans includes: posi ti on conversion nmeans
for obtaining a position in the edge i nage correspondi ng to each pixel of
the recta Foal ; d nea e gray val ue of

t he pixelréﬁH%ﬁ%ébgggfgﬁgﬁlgfo??ﬁﬁﬁ§%c§§r%gigﬁgﬁﬁgg%%hgggﬁgﬁbtained posi tion
in the edged pHgecHHsEd VORI PERS LAY YRS loPsr espedtlivelpikéis in the edge
i mage. 20.pithe d DRGENPLPCES Sl RIr88MI HE cREROESHANY o0 aCkadin 19, further
conprising a storage unit for staoring a conversion table indicating the
posi ti ons @%F%QQ%OEd@%'ﬁﬁﬁéﬁcEﬁﬁQQ%ﬁﬁogﬁ?%ﬁ'to the respective pixels of the
rectangul ar i mage, wWher enAgtherfesddingndeonversiardingt tobtadins t he

posi tions iy hgg_%d e in%%g.corres onding to the resgg&;ive pi xel s of the
rect angul ar 1 mageasi AP RTE 1EEnvRV I on SPABF &5t 931" The | mage

pr ocessi nggeeitcd ngce optharg std edge Mmi8e heémeensely conveheingradge capt uri ng
unit captur i of;. i.Sk- i r wafer;

t he i nmage 6% %a?f%d%g? grrlgnf% %b agﬁ%%gre] %i:hrg%rgglﬁjﬁgﬁnﬁl& % ?’ﬁ%ees%g%ggg{na%uct or

waf er surflheen inrforasdt hetd magémege bier phigcessethial 10 areqe edge i nmage
speci fyi ng meansg spegid i 85,20 8PLEL & PRePBEL :8koLBYL thbdhikd M9-cxhaped area
with a predetermned wdth in a direction orthogonal”to a circular |ine

al ong an &¥gehéreiRetie METREBLID NSRRI NStHFSECe i mage as the edge i mage;
and the ddniernss SOMMEISIcANNEBASEGereEal €tnd pPHroeessad edge i mage
by inverse%g converting the rectﬁg ul ar i ge_tq?tfthg one- di nensi onal

i tage pr oces¥iSyehalape PP Por it 6250 BHETT €for Partial inmage in the
ori gi nal riagesahaped anege; and 22. The inmage processing device according
to claim21l, wherein_the, edge.inmage s i.fyi n j_fi an entire or
partial inage i?ﬁ%?%ﬁfﬁﬁ-% Eﬁ%@ ngﬁggjﬁfﬁﬁag *?ﬁ??Q%}§%§&§%%¥hgg wi dth at an
i nner si detlod tdwEaciprtat aimddenecangsorsdognto peedetddtained wi dth at an
outer side,of;{iig Ghr CHL Aladd &ﬁagé,gigeege%aethg%y values &3. The immage
processin evice according to cfaim 17, wherein the conversion neans
converts theSkUge vEnaeeintd Bhe k19%8ndliRee - | mage conposed of pixels in a
rectangul ar arrgy. corHLspRRd poctosd@spaelive POSIAIiORS ts5eklaim
predeterm ned intervals along one of two partition lines at the opposite

P
si des of ahdr patEiesl CoBPE e Tedges PRt hef ob) B F'Hafe of the edge
i mage and cespeciione tpp3et i odBcsdhgatthpr pdet erarisnech ithkerdgt simbgng nor nal

| i nes orthogonal to.the rtition lines f.romthe res I itions up to
t he ot her 5 ?%?%9%§%lP9n%5q*E reSpﬁﬁ.IW%énﬁgéan%fgg%gggkax %%%ie accordi ng
to cl ai m 23paghhengiemet hetlocomeerisiion daressd¢onverils ddteiedgend nage into a

rectangul apo L {1206, £IPeREd He RXGLS LD A BelAROuL At ALY -Of LesPondi ng
to respective positions set at predeterm ned intervals along the |onger one
of the tworpaels tifoihei rretamguihe BYsEsEéng| Hes convaRsiParaioler to the

edge line of theg, objpet iinﬁ%gepﬁcgcésl&eln%dgévié@%@@@iﬁﬁsﬂ?@ﬂa\iﬁ posi tions
set at predetermned intervals along normal |ines orthogonal to the

partition M'¥eEFromthe respective pixels up to the shorter partition
l'i ne. the image capturing unit captures an image of a surface of

a disk-shaped semiconductoer wafer;

the image obtaining means obtains an image including
the semiconductor wafer surface image as the image Lo 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 te a circular line along an
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25. The inmage processing device according to claim23 or 24, further
conprising a storage unit for storing a conversion table relating the
respective positions along the partition line in the edge i mage and pi xel s
in one row of the rectangul ar inage corresponding to each of all the
positions set on the normal |ines passing through the respective positions,
wherein the conversion unit includes a 5 unit for determning the positions

in the edagddmge.£OrdERANG) Nt O Ebe fLesect ingdiaxelae dladhe rectangul ar

i mage using € conversion n 1 mage processing devi ce,
conpri si ngimage; and an image capturing unit for capturing an image of a

10 surface of anQfj egler@N@onversiorP mBERASEHSHHANAtHRI & {JceBERgESSING @
captured i mage obtained by the inmage capturing unit, wherein the processing

uni t i ncl ude image by inveggelpHtdiVRrhyidedifs TR6F2HHANAR§Y%Nn i nage to be
15 processeghipahbi bhonecheby i bWOL pal-akl plo@aidiinki bas |hawes pbeopirddie capt ur ed
i mge; and conver sion _neans_far convertin. t he i mage to be

processed Mt 38 FREIEHEH BT Fige EGfpbs ed o f TpP ket 925P&T%ngul ar

array corrg&sponding to respective positions set 20 at predeterm ned

interval s al ong,one of the two partiftion.line . 'gqg .t 0 be processed
and respective 0si tions set At ﬁ%FSﬁ%éé#ﬂ*ﬁgdg?ﬁlgégglg_a gﬁglnornal l i nes
ort hogonal 21 0 wheeepartlid iegigel imes: fapemi fhenga espact fnecifdeist Rons up to the

ot her partifiaon 'Jrngyar%%z - Theyd NBYe, P AGRSILRGsdg¥L e, AGeoy dingtt o clai m
26, wherein the conver si on ned%s converts the inmage to be processed into a
rectangula?r$ﬁﬁ§@mé@ﬁ%d§éﬂhoﬁtp@kéﬂ@eﬁnsa@?éﬁiéﬁ@thﬂ“&ﬁﬁaglﬁ%rresponding

to respectjye HAskbh@NS-SRkcdhi edalRRMNEh igikerval g alforget he | onger one
of the two 30 parallel partition lines of the inage to be processed and

respect i veChuErohsnis &t &b f ¥ FettBEM ned intervals al ong normal |ines

orthogonal to tie pard inege | pnesskiomddia ceespentdivig poséldians up to the

shorter pa i.mge rocessing?d Vi ce acggg&&ng to claim
0

5ition l.ine, 28. The SSi, svi ce a _
35 26 to 2§,’ﬂﬂF?ﬁéP g%%ﬁﬁ?%ﬁ%ﬂjlgnST%ggbéxhnl{ Fstor ng a° conver si on
tabl e rel ating & hectaspectri Veaposidipossdabdbmpiele 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
object image cof the edge image and respective pesitions 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
23, 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
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 te the shorter partition line.
25. The image processing device accerding to claim
23 or 24, further comprising a storage unit for storing a

conversion table relating the respective positions along the
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partition line in the imge to be processed and pixels in one row of the
rectangul ar i mage corresponding to each of all the positions set on the
normal |ines passing through the respective positions, wherein the
conversion neans 5 includes a neans for determning the positions in the

i mage to bpgaptoeassad reonhespONsid indigehengespestd e phxekswodf t he
rectangul ar i mage using the conversion table, 29.A surface_jnspection
device, coRPFi SFRPIRH A ABRIR PP LFTHRYMEE FOre %ﬂnﬁﬁ%aﬂg 5A%i mage of a 10
surface of papiobpeStsetadEl the normaPrideessbagsung ttiraugtietketing a def ect
on the object surface by processing a captured i nage oh aLneg 8% the i mage
capt uri ng GRPPECHHE: ST HENBr ofaeHy Wi COTHRET M rad8<olt ST it ng means
for obtmi niuAgtapei Nege A nlbgbenPrsessessr epr eisenddt dynapixel - based gray
val ues and i ncluding, a surfgce i rage of the

bj ect; edge
i mge specPPYiRGP f&r t8FeErT ?ﬁf@ﬁ1ﬁlﬁ§3§ ?ﬁéﬁﬁﬂi GTERIBHYE 1ine of
the obj ect igdpbageihgagR sehveRside tamge to be processed and located in an
area with a 20 predetermned width in.a direction orthogonal to the edge
line as an edge ?%age;AEOHW%F%W&ﬁcﬁééﬁggf?ﬁv%ﬁﬁvé???ﬁbs % edge image into
a rectangul ar i mageimhdd chpruathgeguivaf@ntcdpgutrhiag pie disteyariofed wi dt h;
25first _image processing. neans for perform ng a one-di nensional imge
process? ng SHFLRRE PEATAMNIEST i ABYe to successively process the gray val ues
of a plurality of pryeéssiaig amgedfon preidagingn oaphogahalmstdge a w dth
direction of the rectangul.ar imge; 30i nver.se conversiqn neans for
generatingCQtﬁﬁBEQs%%djﬁﬂdgeﬁﬁaﬁgp5§r¥ﬁ%é¥§'wa 8ﬁ%ﬁqﬁﬁﬁprﬁgeF3%?%ngular
i mge havi Rgiithenenedsk mensi onal i mage processing perforned thereon into an
image in the ori second_i ma r.ocessi ng means

inal area; . e
for generating a%@§gﬁr%%%ﬁ%ﬂﬁPngF§BF EoF r RS Fﬁaﬁg&%§1ﬁ% ormng a
t wo- di #BNSipalk skEa0ea P GCesRdNByotwe piidl lictagerobt abmed s 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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excluding the edge image fromthe object surface imge to successively
process the gray values of a plurality of two-dinensionally arranged

pi xel s; and def ect specifying neans for specifying a defect
5 part in the processed edge i mge and the processed nmain i mage. 30. The

surface ingpeett oy deMHLanaeaer dhige tQ Beabioddssiad LaPhukeNg B0 | mage of a
surface of a di sk-shaped sem conduct or wafer bg t he i mage capturing unit
and 10 det 8BEi RfY &L bethsc regharpel 3 MiGiTd GEEBF R%@%r“%&%f 82670y t he

processi ngauNi the We$&iibns set onthiee iNBEQ 1001 ALAI B JTR@NSHOBLIG NS an i mage
i ncluding a surface i mge of the seniconducgor wafer as the inmage to be
processed:; tD5t ReSRYYe Thige 1Epees f Y StPansCspeRT i B aR 8REire or parti al

i mage i ajhi-NdashapaskAeEFon bBtariredR! enai pedi i sHd iinntaedimhegd i on
orthogonal to a circular_|ine along an edge of the sem cqnduct or waf er
surface i mt§eP8sPIHEC TR e OREGEP ZHLHE Hh E?SEQEB%W%P§1§HXﬁg§n% generates a

processed edgerkfBgeybyar AHBHEEhYi €@NURY doRgetkBeon egdargul ar i mage havi ng
t he one-di nensi onal 1 nage processing gerforned thereon. into an entire or

partial image inPhe ofi FANACT iI'RGPERAPRY HFELC aff B5t At Second i mage
processi ng means agengagd st i agesset o edptgenhyameidagriofgat he

t wo- di nensi onal i nage proqessing on the mai n i nage obtai ned by excl uding
the edye i FHGERFR ot tHe DIFCEONAUEt or wafer surface i mage.

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

15 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

20 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;

25 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
direction of the rectangular image:;

30 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

35 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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