, €3ej VL6Tnc t DESCRI PTION 5 Technical Field The present invention relates
to a.defect, i nspection system which inspects defects on a surface of, e.g.,
a sem conductor wafer, an LCD substrate or a print wiring board. 10
Background Art In general, in the mddle of a sem conductor wafer

manuf acturi ng process, a product having the patterned resist provided

through a filmformng layer is formed on a substrate consisti
silicon. 15 However, in a photolithography process, irregulariﬂﬂﬂmlmmmaummy
filmor attachment of dusts existing on the resist applied on

of the substrate can be a cause qf _ogcurrenc f _defects such as a*!5159*
defective line width of a patterﬁ grgggnérgt?oﬁ 8f82

a pin hole i "
pattern after etching. Thus, in the substrate manufacturing prqﬁ%mﬂmw ﬂmmmn

etching, an inspection of existence/absence of defects is usual A

out for all the substrates. As[%%%k gﬁg& }ﬂfﬂﬁ?ting all t hegeoooo2
substrates, a 25 nethod by whic an'fﬁgﬁic ofﬂgféta y observes the surface
of the substrate is often conducted. However, according to the nethod of
visual |l y observing the . 2 substrate by the inspector in this manner, a

di fferenoe Technical Field

The\present invention relates to a defect
inspection system which inspects defects on a‘ﬁﬁiface
of, e.g., a semiconductor wafer, an LCD Substfate or a
print wiring board.

10 Background Art

In general, in the middle of a semiconductor wafer
manufacturing process, a product having fhe patterned
resist provided through a film forming layer is formed
on a substrate consisting of silicon.

15 However, in a photolithography process,
irregularities of a film or attachment of dusts
existing on the resist applied on the surface of the
substrate can be a cause of occurrence of defects such
as a defective line width of a pattern or generation of

20 a pin hole in the pattern after etching.

Thus, in the substrate manufacturing process
before etching, an inspection of existence/absence of
defects is usually carried out for all the substrates.

"As such a method for inspecting all the substrates, a

25 method by which an inspector visually observes the

surface of the substrate is often conducted. However,

according to the method of visually observing the



in judgnent between inspectors or an influence of dust com ng out froma
body: of the inspector can not be ignored. Therefore, in recent years, there
iS 5 considered a defect inspection systemwhich can elimnate a difference
in judgnment between inspectors and at the sane tinme inspect defects of the
substrate fromthe outside of a clean room In such a defect inspection
system in order to 10 eliminate a differepce in judgnent by inspectors, a
reci pe for determ ning extraction or a degree of defects is created in
advance, and a surface defect is detected in accordance with this recipe.
0 creation of LBt el By L SAMIG, e A WA SUBSI AR Ly . an

i nspection lot 7i'S mera, -an e pI cked- up tTwo-di fiensi onal

ot ot such a8 PRSI RO PeEeE ardheq e A e B AR hd Rl

paranmeter so t : ald jungﬁﬁnt | rned out by .
confirmng a dggbég%gfo_%gxtf'r% iaon. 0 tohféatg‘ee?gc%baérﬁdc{?négﬂynrg@% k%/egl ue of the
paraneter for Q%B%Q@Hnlnqw@géﬁ%&ioquq@g%¢§§§?g%)lyﬂggérgbthe val ue from

an operation portion. Further, the actual s are classified by 25

regi stergng deigglss duelde aVvides@ldty iGNQAEd b Prs e WHIGH hefn using a
m croscope and the |ike. However, in creation of a conventional recipe,

3 processing bylwhiehta walde ffrehdRarideiRigrait diterdami spiaiants
extraction conditions is varied in accordance with each of a plurality of

substrates andaaddegr edeofsamel deld dhsfect dRfRMtY Sff here ragoftiaged in 5
the formof an inmage is repeated several tines in accordance with each
substrate, andftrbe pheaneterdes cdeterdliesed mrt.hat the quality judgnent can
be optimally perfornmed. Therefore, the operation for creating the recipe
takes a | ot of trouldnesuaid al Glefmyiarisgeat idn ciysrersubist ratdsr can be
effected only in terns of values. Accordingly, there is a problemthat the
cont ent $0of t helimdngéebacohid fiemespd dm deptgmtiniy oh inepaatspstt ars. An

obj ect of the present invention is to provide a 15 defect inspection system
whi ch can easi Fpcépeateradederpdring eRtraahiiny Lrer dagrand af eate the
reci pe with hiah reliahility. Disclosure of Invention (1) Accordin%j}o t he

present invent PGEECERerls CLeRFSS di ¥R Fef &9 it PGS /I8 Em
neonnvel f e gl f

2 subj ect whi CROFECESHr dBeBSI G PRt & Heh HOSART | ng brodasoter ect

extracting meapg ft?lrise)irercﬂ%tei ngo? el d F YR -HEQ%[fﬁF%Hs%ade tihe

i mage 25 acquiring means by & defect extrdction algoritimusing a

ggfeceigt e tnﬁcei gﬁ[)jaggga%ti@zlsmo%wi@ TR I i AN diPag P the

picked-up two-dimensional image is subjected to image
processing, thereby extracting respective defects such
as flaws, unevenness or dust. An inspector determines
a parameter so that the quality judgment can be

20 optimally carried out by confirming a degree of
extraction of the defect and changing a value of the
parameter for determining extraction conditions by
inputting the value from an operation portion.
Further, the actual defects are classified by

25 registering defects while visually checking or

observing them using a microscope and the like.

However, in creation of a conventional recipe,



extracted by the defect extracting means: paraneter adjusting neans for

adj ustd ng t,he paranmeter in accordance with a defect extraction degree for
the subject: and quality judging nmeans for judging the 5 quality of the
subj ect based on a defect information extracted by the defect extracting
means. (2) In the defect inspection systemdescribed in (1), the quality
judgi ng nmeans has: a function of checking ghe defect information extracted
by the defect 10 extracting nmeans with defect data registered in a defect
dictionary to deternine a type of the defect: and a function of registering

new def ect dat %g ?q Higﬁ Qngégue(gk gn thepdefeck.nspection

systenldescrib e par anet er J ust ng neans i ncludes a slide

swi t ch whi ch i sy t%&eéﬁfrgﬁ‘?%%‘e Serespr9tetbg e?ﬁa}h]em 7eaps 2gd g usts

t he paraneter, mntc and an |1 mge o e su are

si nul taneously gisptauese Opithec86HEER prlﬁﬁa@h§9|@Y'§9b§€§8§e329n64£ I'n
the defect inspection systemdescribed in (1), the defect extracting neans

has a function @dgees opntégelhyt 86ht bRJaadpaeabeLSr thenj YdEEnai srbHEEh
whose defect is knomn in advance. (5) In the defect inspection system

described i n 25 Hd)fotmeoflUahi iMa&dgkNgepBabEd] HEgEBal heigeal ihy of an
i mge of the subject obtained by executing defect extraction by the defect

extracting neanscdyrdisnheg wheh edcA sbbpbrasel eandethbyphbempaeaneker
adj usting neans. (6) In the defect inspection systemdescribed in (1), the
di spl ayi ng meandetersmanédinssd i thadftHesghayidy judgment can be -’
optimally performed; Therefore, the operatiéﬁ for
creating the recipe takes a lot of trouble, and
10 comparison with other substrates can be effected only
in terms of values. Accordingly, there is a problem
that the contents of the recipe become irregular
depending on the inspectors.
An object of the present invention is to provide a
15 defect inspection system which can easily create a
recipe for extracting a defect and create the recipe
with high reliability.
Disclosure of Invention
(1) According to the present invention, there is
20 provided a defect inspection system comprising: image
acquiring means for acquiring a two-dimensional image
of a subject which is a processing target in a
manufacturing process; defect extracting means for
extracting a defect from an image acquired by the image
25 acquiring means by a defect extraction algorithm using
a predetermined parameter; displaying means for

displaying an image of the defect of the subject



a list of images of a plurality of subjects extracted 5 by the defect
extracgting,means by mnimzing,them (7) In the defect inspection system
described in (6), and the displaying nmeans displays a list of thunbnai

i mges obtained by mnimzing the images. (8) In the defect inspection
system described in 10 (7), and the displaying neans di splays the thunbnail
i mage in accordance with each | ot of a casgette storing therein the
subject. (9) In the defect inspection systemdescribed in (1), the

di spl ayi ng nmeans di splays an i mage of a 15 subject determined to be

For i spl ay! ngSRIagesos) By SR6r SRR ot AT e AR G Y It et -
extracti ng neans,. Q) In the fect,.inspectiqn system.described in 20 (1),
t he displayingaﬁéagilhﬁkﬂﬁéy§ OFe PSS 5&&j%%fﬁﬂﬁgﬁﬁ#¥%t extracting
e ) etuch BcTRNEh NGl ey 0rer) SRt a0 A0 TR QL de bl ect (1)
asplays o resulbiQiiel 06 WA e, MELld nd 0T kddie 41 Y,
i spl ays i he. dIPRatETby 0B RS e AT By Sis i T erenbdaTors in
extracted by the defect extracting means.
(2) In the defect inspection system desgribed in
(1), the quality judging means has: a functidﬁ of
checking the defect information extracted by the defect
10 extracting means with defect data registered in a
defect dictionary to determine a type of the defect;
and a function of registering new defect ‘data in the
defect dictionary.
(3) In the defect inspection system described in
15 (1), the parameter adjusting means includes a slide
switch which is displayed on a screen of the displaying
means and adjusts the parameter, the slide switch and
an image of the subject are simultaneously displayed on
the screen of the displaying means.
20 (4) In the defect inspection system described in
(1), the defect extracting means has a function of
automatically setting a parameter to judge a subject
whose defect is known in advance.
(5) In the defect inspection system described in
25 (1), the quality judging means judges the quality of an
image of the subject obtained by executing defect

extraction by the defect extracting means by using the



accordance with each type. (13) In the defect inspection system described
in5 (1), the displaying neans,changes a color of a defect extracted by
using a paraneter changed by the paraneter adjusting neans and displays it.
(14) In the defect inspection systemdescribed in (1), the predeterm ned
paranmeter is prepared in 10 accordance with a type of defect, an inspection
condition, or an inspection nethod. (15) 1 the defect inspection system
described in (1), the paranmeter adjusting neans can set a lower limt value
and an upper limt value for the 15 predeterm ned paraneter, the defect

extracting nmeans extractin ) defect i e data which exceeds the uppér
limt among i nEgé °H&t ref@%egiyngqué’q%er@% AP W51 n the def ect

| | excee: . :

Funetion of 1 egi st er g Sfrae*#@ecfé’%é%%z%?siﬁ%%es?%%f;egﬁééy{%gr”ﬁ@%%ﬁ?123
tion of ref fg 2 . gnat et | _

a tuncti on of dap Sy Ene 3 Y TR DS 0t s SRR or

whi ch has been .clanged Y e PYALERALANNY 1910 JBARe o W ddbddip defect

i nspection system descri be
5 by the defect extracting means by minimizing them.

(7) In the defect inspection system described in
(6), and the displaying means displays a listlpf”
thumbnail images obtained by minimizing the images.
(8) 1In the defect inspection system described in
10 (7), and the displaying means displays the thumbnail
image in accordance with each lot of a cassette storing
therein the subject.
(9) In the defect inspection system described in
(1), the displaying means displays an image of a
15 subject determined to be defective by the quality
judging means in an area different from an area for
displaying images of a plurality of images extracted by
the defect extracting means.
(10) In the defect inspection system described in
20 (1), the displaying means displays a defect extracted
by the defect extracting means in such a manner the
defect overlaps on an image of the subject.
(11) In the defect inspection system described in
(1), the displaying means displays a result obtained by
25 the quality judgment by the quality judging means by
using colors or characters for each image.

(12) In the defect inspection system described in



(1), the displaying neans has a |list box which displays types of defects,
and if. any ,one of types of defects displayed on this list box is
designated, a defect corresponding to the designated type is displayed. 5
(19) In the defect inspection systemdescribed in (1), the displaying neans
redi splays an i mage before a paraneter is changed by the paraneter

adj usting neans if a predeterm ned operatiﬁn is carried out. (20) In the
defect inspection systemdescribed in 10 (1), the displaying nmeans changes
a color of franme of an inmage of a subject determined to be defective by the

qual ity judgi ng. neans and di.spl.ays it. Brj.ef Description of Drawings FIG 1
is a view showgﬁé'atzghaﬁﬂl@yéfﬁ&% élsféaé’sd ctd%r}r?%é;ctqyon system

di ng t .enbodi ment, of .th t inuention. FIG 2 i, i
Chovi ng o exalbEE-ORUaeraad G By L B Upey R Ie Bedd ding o the

enbodi nent of gg%Sragé nt i.nvention; 20 FIG 3 is a view for explaining a

t hreshol d val ue ecylgx.ﬁfb OHF§Ecording to the enbodi nent of the

present invention; Fl i f ri ing. t ratd on cedure of
defect detection by (tl:?g éedf Z:C}fe i%\ég%ge%‘?i%nn%%ﬁs% eérysa%grgr |én°glnj_tkgé(?h§q_
enbodi megt of 4§, PEESCRL iUl et dHaged 8 AH:CWSROUdIR di spl ay
exanpl e on the isplay section at the tine of defect judgnent

according to t i s : L an
ey inglcur GPRERERREIBY carS R ARt th R cer

adjusting means and displays it. .
(14) In the defect inspection system deécribed in
(1), the predetermined parameter is prepared in
'10 - accordance with a type of defect, an inspection
condition, or an inspection method.
(15) In the defect inspection system described in
(1), the parameter adjusting means can set a lower
limit value and an upper limit value for the
15 predetermined parameter, the defect extracting means
extracting as a defect image data which exceeds the
upper limit among image data exceeding the lower limit
value.
(16) In the defect inspection system described in
20 (1), the defect extracting means has a function of
registering a defect designated by the displaying
means.
(17) In the defect inspection system described in
(1), the displaying means has a function of displaying
25 an image of the subject based on a parameter which has

been changed by the parameter adjusting means.

(18) In the defect inspection system described in



An enbodi ment according to the present invention 5 will now be described
hereinafter, with reference to the acconpanying drawings. FIG 1 is a view
showi ng a schematic structure of a defect inspection systemaccording to

t he enbodi nent of the present invention. In FIG 1, an illum nation 10
section 1 illumnates an illumnnating light ray at a predetermn ned

i nci dence angle on a surface of a substrate 2 of a subject nounted on a
stage (not shown in the figure). A line sehsor canera 3 as inaging neans is
arranged at a position (reflection direction) 15 opposed to the

illumnation section 1, and_the |line sensor camer i rages ,a surface of

the substrate 2Wirnéd® PLSPIGHIRSG SEB i9 {Iﬁrﬁ%ni’tolxor‘fg‘slﬁicglr?pll.ay&

i mge input section 4 js connected tq the line s or canera, 3 nd a

control sectiohYE&Ss Oéoﬁﬁé@tcé(?'m‘?nt‘{) ]téé‘qyrré)é’@ i9 p?rtypf cgﬁ)ﬁje@feﬁ ugh an

i mge storage secti.on 5. An image .fqr . .each ong |.ine. of, the face of the
hELL a5 sk

substrate 2 is9FEPRYEDY™ ALYS RO% 1ea&e4 985 d e & HE:§%ye i s noved

in one direction, and the 25 fetched, i mage.i s, i,nputt.ed f.q t i mage i nput
section 4. Thecpﬁggﬁoﬁﬁﬁf‘gsg& itcCE'r? RGBS & -;éwol%di&r%%r?sll ?nea " i mage of

the enti Ee surface o(flbgbhﬁ]rz Iérdagfaegt byns e&f@p%ﬁﬁgdﬁﬁggj@?ﬁgﬁor

each one”line i mged he sensor canera

t wodi mensi onal (ihyage LQENEr Dy tREe 1808 i MU S 86T ia ek Ivedded in
t he i mage storé&ggsg:g%‘l (ir}l{n?L l%ﬁ’dlt}éuppl |ried 5 tloﬂD?Lhtey cont rlol g";eecti on 6. The
control sectiopa§ahatet def Hanyed 38} itk FGlnAE S0 hd B H Iy nefed i on 7,
a display sect i’&gna& a quali tyEl | udg?e%t section 9, and ]?Ede??ét di ctionary

10 are connect 8¢ W rddad GRS pRatdtAbP .1 sTha rkd edeferat. extraction

section 601 renpves an outer shape inage inherent to the substrate, a
specific pattern i magm)orid hend i detfe @t di expeaei on defscdm e patiisedr om al |
the substrate imges stored in the i mage storage section 5 based on a

def ect @Rtracti(@) ,alt¢er idisplasiing hiean 9 roddetgrsrian e Jpar anfetfaramel hef
paranmeter can be changed from outside, and a degree (sensitivity) of defect
extraction is adj ustage: f changijert e gemamsdcrto be defeatdste hhethe
paraneter consists of a coordinate (deviation) of a defect required for 20
extracting var iogs idef derdg i means lapg dishlegid difiti es or dust on the
surface of the substrate 2 or a pseudo defect, di stribution value, and a
characteristic value of, forBek&hpPRSCYIREIOTHRL |ANIRIRtion 7 has buttons

lid whi ch 25 i spl d, di spl tiaqn 8 ill b
Gesoribed I ater, A fbGmet of® Shd heriowntiss  Aanrh o AR TR O Sect | on
7 to the_defect extracti.on 0 sectiqn 60| b i to T i,spla
secti on?§ di splaaigef\rfﬁqﬁ éﬁ%s%cn]td]sosrbfsy:'sgfaed%saCaceas/ﬁagin%aq 2%0%31 t%nébocac:lﬁrtlér%lsp d
section 6. Theoqgu ll'f.ret ébﬂegé%qﬂeritnvseqﬁl'cﬂ{' 9 checks defect infornation

he defect ext 1

extracted by t raction section 601 with defect data stored in

the defect dictionarprd0 £ 0 def effdpesiy ofn dsfagi e A ddbeedh ke, and
carries out the quality judgnment of a target substrate. The defect

dictionary 10 #igfaswar elikkpidsy dedtef@ctadtadmisiucitasHd aws or 10
irregularities in advance. If a new defect is found, it is registered as
new def ect dat @mhyodndinteadf ahd raddrer contertiiagcti on 6.
20 FIG. 3 is a view for explaining a threshold value
for defect extraction according to the embodiment of
the present invention;
FIG. 4 is a flowchart showing the operation
procedure of defect detection by the defect inspection
25 system according to the embodiment of the present

invention; and

FIG. 5 is a view showing a display example on the



FIG. 2 is a view showi ng an i mage di splay exanple on the display section 8.
Qutside the inmage display 15 area on the screen of the display section 8,
button switches or slide switches functioning as the input section 7 are

di spl ayed. An upper limt value slide switch 7a and a lower limt value
slide switch 7b are used when an i nspector adjusts an upper |imt val ue and
20 a lower limt value of threshold values,for defect extraction by

changi ng paraneters for the defect extraction section 601. The paraneters
may be prepared as a paraneter group in accordance with each type of

defects, inspecfion conditions, | ect,ion t hods,, and, 25 extraction

t echni ques, an(‘fltlzzi3 yarﬁcetrlqrbra%q%{)%r‘%l”ietf f ed%‘%n@["@rgé“ed?‘bups may be
changed by the input,.section.7. Furthermre, the input section 7. may change
11 paraneters P&C%&&%&i%r}&e oe\?g)rq egrﬁ"qufact At oFeh YA ower .
| ayer filmand an up | ayer film obtaine [ I,n sing a :
non-illustrated m crgjg%%%gﬂ%‘?ef%?r rgaaé"?ﬁjer}gn(?y%fggg;%%ig?v%lg?l%anti ty in a

5 peripheral portion, of e r ver,,,. t i ‘section 7 is not
limted to the one |r}sp€?rﬁa]1$3;oe%ﬁrg§%% hagécgq%%q{a@ocsoec }}eonje%%speg%% ﬂver%%/l%% an

ext er nal coper aty. i I i 3. .4 el i i es.
10 In thg def eglq‘:lnglg{a‘{:tblcg;ré%s%\s%%%%a\sﬂet%&g\é%g;r‘"ﬁ%&d rsetciieullc ure,t%zlamgr}g%i pe
for determ ninga | Xt iy degree which beconmes a reference of the
qual ity judgnent iofsi@::r altr_gdc; I‘:’:‘arqi‘ltn?jl"At first, the substrate 2 is selected in
units of a recipe irnspecti ofs |Ptyidy %H&viﬁﬂf%@&uéﬁ%ié%&ﬁhf@%f
figure). A plurality of substrates whose detfects have been already known
and a plurality ofefet defguddiiers Wt ey Riingltdlathd rridwiimeaide

i nspection | ot. Wen each substrate 2 in this recipe inspection 20 lot is

i maged by the lbfheheerawseraneraehtide piloked@ ilyags iid lgederaiiesh as a

t wo- di nensi onal inage by the imge input section 4. Inage data of this

t wodi neddi onal siemdgen d sitldned riatdsheri nAdgersinertdgey degfhtonrdy atd suppl i ed
to the defect extraction section 25 601 of the control section 6. In this
case, a paranePaedsasaninegl igoritdemngea guigkealant v efurfiasst et s Wit h vari ous
defects which h%égﬁgéﬁga&ﬁco nize%ﬁan%dgﬁévéf Iuralkéy of an-d%Iective
substrates witl® idh 2arsetIGc ®ras NGaAGe andmahiaow |y set
in the defect extraction section 601, and defect extraction is executed by

the defect extr&cti$n B WLFAri t AmdSienFARE Faehé & 29 Aimagiddranner,

def ect extraction is .carried out for all .the subs"tgr ate .in a ,corcgance) with
respective | ot %6 Sedch F4ENGG% Ar 2P IHIG (deddE&F Qb & 1P usi ng

t he def ggt ext ro%fg is%rgi acltc}(%%rrlﬁlc?t ﬁluﬁﬂq\zﬁtti%nl%eheﬁ;ég &gggﬂcﬁ%&a%yed on the

di spl ay section as a na I'mage as w ater. FIG 2

shovs a_di spl ay 1Al 40 ddie ] PIiiacRRC A fEble (e did™s s et

extraction nmentioned above. Substrate Images 81 of all the substrates 2 are

15 displ ayed on ann=9a 83 1aMntike telf bySithe afl 19pdiern 1% e diclay
section 8 in the order of slots or ID ¢odes, or in the randomorder in the

vertical and homi Zenrigdl iHPRCHedtsonDef 66! iR nBdtld &l thergaheB2
regi stered as defective products in advance are
sensor camera 3, and a control section 6 is connected
20 to the image input section 4 through an image storage
section 5.
An imége for each one line of the surface of the
substrate 2 is fetched by the line sensor camera 3
while the stage is moved in one direction, and the
25 fetched image is inputted to the image input section 4.

The image input section 4 generates a two-dimensional

image of the entire surface of the substrate 2 by



20 di splayed on an area 8b on the right side of the screen in the vertical
direction. ,Further, as a result of the quality judgnent by the set
parameter, a character "OK" representing a nondefective product or "NG'
representing a defective 25 product’' is displayed on each substrate inmge
81 on the area 8a, and the character "NG' representing a defective product
is al so displayed on each defective | 13,substrate i mage 82 shown on the
area 8b. Actual defect information rmay be di spl ayed on each defective
substrate inmage 82 on the area 8b. In this state, by using a nouse (not

shown in the 5 fiqure), an inspector sets a.pointer, 80 at_ a predet.erm ned
051 11 on of t hE TS L ETAE o T S P B Lt TSR Jo¥ (DT t he
o o b LA PR o TR S B S R e
di spl ayed. Furt e en the ins 0 t.s th | nt o.on a

speci fi c subst ra%ga&?grrléjgneavlglﬂrbard%zdeg}ne?ﬁ%ec{ ﬁa nbtﬁ}iel Ih'&éag %glnr‘%%@t%%&a%%% 8a or

the area 8b by 4USii&%Eél%dggi.%etr@gtngagjég!ﬁﬁgﬁ%&ﬁ&?@%nd)@dpﬁffeé mage

specified by the pointer can 1 on one screen.

I ncidental ly, ald haugh-ohf sibsidatig ] pges 81 are displayed on the area 8a

in FIG 2, since 25 substrates are generally | oaded in one cassette, the

remai ni ng nine substyad ecdiESs SlctCdh b 1 $ 0 dispbay ekt tacfod hi s case,
t he nine substrate i mages 81 which are not shown in FIG 2 can be displayed

by scrolling theden &01.5 Md ardput tdeewdedect, v Sistdptsedimaess 82
whi ch are not shown in FIG 2 can be displayed by scrolling the area 8b. 25

Next, the inspectdfialadiysfisddneat agiteiiorf @, daieraridéMertlaeinedi sndr@cti on
conditions by using the input section 7 while watching each substrate inmage
81 14 di spl ayedh s corirteotadivitimege: dontduls sase, or e, | Mpect or uses
the nouse to carry out the sliding operation of the slide switches 7a and
7b di spléyed onefreectsargaraan drhedaitsipiray Beatammveds SQonsemregiape for 5
exanple, as a paraneter, a threshold value for an upper limt value a and a
lower limt valifagds omhererdy itghtties sust rdfeocta daacictiiomaiitdrms shown
in FIG 3 is adjusted. Here, it is assunmed that, as, to the automatically
set paraneter, WEOS ¥ dhstlidiGes alrk epF Hats AR iR tRar shef XMhr act er
"OK" is display all the substrate screens ,on the thunbnail screen and
the i nepector e dBF P ST AL TS 1T TR (a9 1
Yﬁleuge?écf\seit ;s:e(szciq::%dﬁl ]E%%ag;‘ief f&rﬂgg{e etc!tonex ercgczltoj.nonGOa]lgloSrir]c%vr\f{\ yuseJ?(neé:Ut €s

15 a predetermined parameter. The parameter can be
changed from outside, and a degree (sensitivity) of
defect extraction is adjusted by changing the
parameter. In this case, the parameter consists of a
coordinate (deviation) of a defect required for

20 extracting various defects such as flaws,
irregularities or dust on the surface of the substrate
2 or a pseudo defect, a distribution value, and a
characteristic value of, for example, tint.

The input section 7 has buttons or sliders which

25 are displayed on a display section 8 as will be
described later. A parameter and others are inputted

from the input section 7 to the defect extraction



all.the substrates 2 stored in the inage storage section ,5 by the defect
extraction.algorithmusing the.newy set paraneter, thereby updating the

t hunbnail image. This thunbnail image is updated each tinme the 20 paraneter
is changed. In this case, specifically, it is assuned that there is the
possibility of existence of a defect in the pixel data of the substrate 2
exceeding the lower limt value b shown i |G 3. Anpong the pixel data of
the substrate 2 exceeding the 25 lower Iimt value b, data exceeding the
upper limt value a is extracted as a defect. That is, reduction and

d f the def i h db h
x&xz&gxﬁ%ﬁ%%%%aﬁﬁﬁﬁﬁya;maﬁaﬁﬁaaaeﬁfgst
h h t t t i
Fgcfe;sgé Lye5 ?ag}aiﬁzva%bggs|PHP¥MVQFgémggg§h88§5§§ﬁ£?§gbvnl %ﬁzliannﬁr,
f t t
Subst r at e | gt RF AL uRF R Rledehal Aer 8Pa L ek § HAPBALF, Sebr 1gn ™ O t1e
non- def ecti ve produpl hascbeen,displaved op.the. aneg 8@hea89§§he 10 qual ity

judgment is con e correspondi hg su Then, the

char act ery " NG’ %ﬁfi&é%iXﬁ Qécélgﬁfgﬁi'¥§¥RrQQEEEt'8 9559£§¥8§|gﬁ ghéce of

t he character representing a non- ective auct
substrate inmageg8tatp &@bEboﬁaE? §M”P8'dété§m9h¥eﬂy§99“6ftB%Eeé%étSnd'“
this case, since the color of frame portion 811 Of the substrate 1 nage 81

whi ch has been ¢géelrnk8pdand aagleiestbue Qh@déjﬁﬂﬁ%chﬂéagﬁénttaﬁ defective
substrate can be found at a glance. In this state 0" when the inspector

specifies a plutatgéy eohbstbsteat eThangese8t deteishaey as debeeki ve
products by the drag & drop operation of the nouse or by using the pointer

80, these substvaitousagtad8lotadebectl Haget bechnagefléwstbe area 8b to be
regi stered as defective 25 substrates. Then, the initially set paraneter is
10 irregularities in advance. If a new defect is found,
it is registered as new defect data by a direction from
the control section 6.
FIG. 2 is a view showing an image display example

on the display section 8. Outside the image display

15 area on the screen of.the display section 8, button
switches or slide switches functioning és the input
section 7 are displayed. An upper limit value slide
switch 7a and a lower limit value slide switch 7b are
used when an inspector adjusts an upper limit value and

20 a lower limit value of threshold values for defect
extraction by changing parameters for the defect
extraction section 60l1. The parameters may be prepared
as a parameter group in accordance with each type of
defects, inspection conditions, inspection methods, and

25 extraction techniques, and a parameter for a plurality

of parameters groups may be changed by the input

section 7. Furthermore, the input section 7 may change



changed to performthe defect extraction of the non defective substrate
from which ,a defect was not able to " 16 be found. If a defect such that
t he substrate can not be put on the production line as a non-defective
product is found, that substrate can be registered as a defective :
substrate. On the contrary, it is possible 5 to cancel registration of the
defective substrate image 82 which can be_put on the production line as a
nondef ecti ve product on the area 8b by t hé Idet ai | ed j udgnment by the
inspector. In this case, the substrate determ ned as a defective substrate

before changing the 10 paraneter is displayed as a non-defective substrate.
I nci dent al |y, R hdRotdRtameon f RiRe R dbiPtdeePpihiet 80 on an
"automatic setting"” button 8k on the sg%ﬁfn onithe digg#ai sect%oP 8 shown
in FIG 2 and pEiEGiIThe AL oferSh i o™ 1R (7 it yg9g Li-m
automatical ly §§%:to a Q%eset value, As a result..the dgfict.extraction can
be again ef f ect¥F 3 e dth DAL MR T AR T vhi o4 R it SLdF e2Ped t o

t he nondefective product/dafective product, jud nt ich w]l_be described
later. A val ue Uf ﬁorﬁ @%ﬁ%e&t i°s§26b rreeﬁlr‘J’etct S o%u%% Tey oJf‘é ?f the slide

o0 T, 2 I MR o S Bl L7 B 5,

urn c ‘on"'the screen of Splay séction 8

shown in FIG %@g&pegé@&jgoﬁ e £ 1 OPELALL SN0 SAcd dr?rg%%{%_fa%%@? n81

obt ai ned by the ar anet er ore change can | ay

operation, the i %%ﬁ | NECk Yot e, RIARY T DUSHPRIBEELE! e £88-DE1 T €di spl ayed
by the single 8??%k 0 er%gi(an aﬁﬁ; 17 the inﬁgg obtaiﬁ%d b@fthe | ast but

one parameter ke 1 sptayad Moditedoppiie £1tSkcwpsimél og Thghtis,
the image is redisplayed "al ong the paraneter change history in accordance
with a nunber ofwitddmssof 5 clicking. As a result, the inspector can
determ ne an optinum paraneter by conparing the i nage after changing the
par anet @0 and t he commt€tipadéfdet ofespdantomgs ¢ beepasangbeve-described
structure, a recipe for determining a defect extraction
degree which becomes a reference of the quality
judgment is created first. At first, the substrate 2
is selected in units of a recipe inspection lot in a
15 cassette (not shown in the figure). A plurality of
substrates whose defects have been already known and a
plurality of non-defective substrates are included in
the recipe inspection lot.
When each substrate 2 in this recipe inspection
20 lot is imaged by the line sensor camera 3, the picked-
up image is generated as a two-dimensional image by the
image input section 4. 1Image data of this two-
dimensional image is stored in the image storage
section 5 and supplied to the defect extraction section
25 601 of the control section 6. In this case, a

parameter capable of sorting a plurality of substrates

with various defects which have been recognized and a



Thereafter, in the simlar manner, the inspector 10 operates the slide
swtches 7a and 7b to change the paraneter and checks a degree that a
defect part appears in the substrate images 81 with "OK" displayed on the
area 8a.or an extent of shift to defect products while adjusting the upper
limt value a and the lower 15 Iimt value b of the threshold value for the
defect extraction. In this case, a part ez racted as a defective portion by
changi ng the paraneter in the image is di Blayed with its col or being
changed. For exanple, the color of the defective portion is changed 20 into

an orange color .if the defective portion is increased or it is changed into
a gray col or i PLi¥rgld tye dfe oy dateciddia iR sttt St lofdaife &S ame
portion 811 of ubstrate e .81 whose _defective partiaqon is increased

he . s j ma )
may be changed.wthﬂt&ﬁ’i t""irc?néﬁqty,dqtfe eng 25 Mty FUE@aHiced 8uSeth in
accordance wth. eac e of defects, the densj.ty of, the defect displa
col or may be cﬁmgé%é%@%r%&é’rwsﬁ?tﬁﬁé‘ E@Irja?/r@tr& chedffrfg:e 18 h!o_stgry.
W th the poi nt S iB6 IR So G BN S ET T it FAE S5k con of e
di spl ay g sect i r&[og__.q:tpl%m%%@lﬁgl}%\itszgiafragn@%eq_,ar aneter optinmum for the defect

extracti on seens e ob hat “paramet’er is determ ned as a

parameter in the defect r j j : . S rate in
ni ts of the initially ts}g)geg?agg{_e(r}gc%%?%é}gpeg%%%ﬁogf&%u%%%1 he
def ective substat &19CHeRN B iadle Y ndQIRITTAAGAS 13 106/ 8GHdME yy oduct by

the inspector with this paraneter is registered. Incidentally, when the

i nspector setsiihe RE RIRh QsAetde’ SR RAKAisHleAt e PULIHYE B/ HON the

screen 15 of the display section 8 shown in FIG 2 to carry.out the click
operation, OV GgF usdingpltay reFedts Rixahcefidl Sl idhe, herdefiad i ve portion

can be switched. Furthernore, in case of non-display by which the defective
portionlds not réisspltayed dilpleypiasnzithg diespd@ycerictdsn & dshe i nage on
the screen, the inspector can easily see the actual state of the substrate.
thumbnail image as will be described later.
FIG. 2 shows a display example on the display
section 8 at the time of defect extraction mentioned
above. Substrate images 81 of all the substrates 2 are
15 displayed on an area 8a on the left side of screen on
the display section 8 in the order of slots or ID
codes, or in the random order in the vertical and
horizontal directions. Defective substrate images 82
registered as defective products in advance are
20 displayed on an area 8b on the right side of the screen
in the vertical direction.
Further, as a result of the quality judgment by
the set parameter, a character "OK" representing a non-
defective product or "NG" representing a defective
25 product is displayed on each substrate image 81 on the

area 8a, and the character "NG" representing a

defective product is also displayed on each defective



Thereafter, as simlar to a series of the operations nmentioned above, by
determining, the paraneter in the defect extraction section 601 for each 25
substrate 2 in units of other inspection |lots, each reci pe can be created.
Subsequently, after creating the above-descri bed 19 recipe, the defect
detection is executed for the substrate which is an actual inspection
target. FIG 4 is a flowhart showi ng an gﬁsration procedure of the defect
detection by the defect 5 inspection syst In step 401, the defect
extraction section 601 of the control section 6 first selects a recipe
according to the i

nspecti,on | ot as an inspection target anong a plurality
of reci pos gendiRRd e aRGSORA SHENFe OTTHAIE A5Pa (i, 4dEtiHe WHiSke of
10 each substrate 2 of .the inspectjon.lot js inaged the |ine sensor
canera 3, and tlﬁlgo Wéxf’-nuﬂlaiyng’& lsgpglé%’&datoé’d ea?gﬁb cf%&)e inEhsi onal i mage
by the image input .sectiaqn 4. e pixel data t he two-di nensi onal i nmages
B WL 5

is stored in the& Pﬁﬁ& e%fﬁ?ﬁﬁ% & ST 'supplied to the defect

extraction section 1., .Subs ent | in step 403. the def.ect extraction
section 601 executes htehldsefsg%%eéxt LS die o‘a’fIO MATHE UL rsar%oewrk Jbr§/ %&? ng the

par amet ek accorfqi(%ﬁggt)gi tsaloeai)?lgslpt %tt%q: rs%CJsD% é)agﬁ{tgea{ntsﬂ éatﬂ;ar}’zSt ep 404, the

control 20 secti e I'nmage o and a result of

def ect extract ipgja%d%eg?ﬁtn%g ?i%ts:i]%)&torna%tf %éeﬁqugﬂ%%ql Aadd &4 ypnai |

i mge on the a splay section 8. I's case, as simlar to

FIG 2, the subgtiat® ZadtiRees §hohbakbihadibstdptes? Wedhe ick
i nspection | ot ' Co A
operation of the mouse. As a result, the thumbnail
image on the area 8a or the area 8b can be enlarged or
10 minimized to be displayed. Furthermore, when the
inspector sets the pointer 80 on a specific substrate
image 81 or 82 on the thumbnail screen on the area 8a
or the area 8b by using the mouse and double-~clicks the
mouse, only the image specified by the pointer 80 can
15 be displayed on one screen.

Incidentally, although 16 substrate images 81 are
displayed on the area 8a in FIG. 2, since 25 substrates
are generally loaded in one cassette, the remaining
nine substrate images 81 can be also displayed. 1In

20 this case, the nine substrate images Bl which are not
shown in FIG. 2 can be displayed by scrolling the area
8a. Similarly, the defective substrate images 82 which
are not shown in FIG. 2 can be displayed by scrolling
the area 8b.

25 Next, the inspector adjusts a parameter for
determining defect extraction conditions by using the

input section 7 while watching each substrate image 81



are.,aligned and di splayed on the area 8a of the display section 8 in the
order :of the slots or I D codes-or in 20 the random order in the vertica
and horizontal directions. ‘At this time, the substrate image 81 of the
substrate 2 fromwhich a defect has been extracted is displayed on such a
manner that a defective portion 5 is superinposed on the substrate inage
8l. On the other hand, as simlar to FIG 12 each defective substrate inmage
82 fromwhich a defect has been~~ extracted during creation of the
above-descri bed recipe or the previous inspection and which has been 10

registered as g ,d flea%cg%sgra?dc%wr}saﬁl iﬂlgbffe .andlrgi&pllt%y(gaolsdcpn 1Ehe area 8b

of the display secti he vertical ection W dfegF?ve portion

bei ng superi WQ%%%(ﬁ#%r?Q%eé Qﬁ%ir@ﬁét& h%ﬂsa{}ﬁt&& i{}?é)egﬂ)djﬁbses t he

nouse to set the Oon'l er t strate 1 nage or 82

di splayed on tRGHARABA A e Ak 8AhERTY MM wedfécﬁlgééfékp%ﬁi on,

only that inmage can be enlarged and di spl ayed as one-i nmage y. en,

in step 405, thad RaRREPorsede isHlispl cbrer! | Totsaftkd tidgest yhet her
the defect extraction performance is sufficient. If it is not sufficient,

the parameter feanigle,defeet pdmaidON Satidhd 181 hangethi Nsgap 406.
In this case, the inspector changes the paraneter by operating the slide

swi tches 25 7aldmd t7lwadigplaayed en Idwescrgeit ofaldw Blispl#he section 8 as
descri bed above. As a result, in step 403, the defect extraction section

60l agai n exechirdgrhtn2ksd Iferdefefticte)dy acd d oo fsac ha s Wisdwatin Fhy. t he
changed paraneter. Then, the processing of the step 404 and. 'the subsequent
steps is perfoBned. adjustiesi.cadwre, its idesdgsabled thatecas tancdthmnage t he
contents 5 of the changed recipe. If it is determned that the defect
extraction per Botemadd dad Inufsietcipamanat et e@ U053 he mulikifradte§ witggrent i s
carried_out by inputting a predeterm ned direction fromthe input section 7
by the ilfispect §rsen from defects, the character "OK" is displayed on
- all the substrate screens on the thumbnail screen and
the inspector thereby performs adjustment for lowering
the upper limit wvalue a.
As a result, the defect extraction section 601
15 newly executes the defect extraction for pixel data of
all the substrates 2 stored in the image storage
section 5 by the defect extraction algorithm using the
newly set parameter, thereby updating the thumbnail
image. This thumbnail image is updated each time the
20. parameter is cbanged. In this case, specifically, it
is assumed that there is the possibility of existence
of a defect in the pixel data of the substrate 2
exceeding the lower limit value b shown in FIG. 3.
Among the pixel data of the substrate 2 exceeding the
25 lower limit value b, data exceeding the upper limit

value a is extracted as a defect. That is, reduction

and speedup of the defect extraction processing are



10 step 407. In this case, defect information of each substrate 2 is
supplied fromthe defect extraction section 601 to the quality judgnent
section 9, and the defect judgnent is executed in the quality judgment
section 9. The quality judgnment section 9 checks the 15 defect information
with the defect data stored in the defect dictionary 10 and determ nes a
type and the like of a defect extracted b ESthe def ect extraction section
601. Further, the quality judgnment section™ judges whether each substrate
2 can be put in the next 20 production |line, namely, upon the quality (non

defective product/.defective product), of each substrate 2 based_on th
judgnment resul € é’e@gﬁo@?&a“rsl?dg#ﬁ]tdeaéﬁpi heex%?t?lt‘i/nj%ﬁgr?fé%te?%fztb%‘?
carried out by tchi ng .the | ater- ri bed screen of the displ.ay section 8
by 25 the insp &ro&%%%éxegi ez \Rdi\?'vcfb%w%%t%fi%ﬁ s%l%?/t é%ﬁpl%‘%‘% €t he
di splay section 8 at .t.he ti of ,above-descri bed 22 defect judgnent. The
defective portﬁéﬂgﬂifﬁfuflﬁ' ch are superinposed on the inage of the

substrate 2 and dsplated il ea B Raseron bl bey
the areagsf isqjspl ac%"ed\%déétl(i}jﬁ@’bé’ﬂ§%0¢ yb%}ﬁée ﬁdagjfiﬁ&ef‘ai@séhl d

assurance (distribution ues I'stances ect s~as the ‘def ect

j udgnent ref er gpgRle Of iR MRaN’H iﬂ&i@%i%@%td%é%s Heppnd 1lc

are witten. Inages of the 10 respective ects 13 registered 1n the

def ect dicti onayt rH:t¥ie ia idangd AR drs iy et dhe ARy B4 he ri ght
side of the screen in the vertical direction. |Imges of other defects 13

(not shown in RHacHlheArHM¥ it s ihSd it bt e e dtkbcthing 15
respective defective portions 1la, 11b and 11c may be displ ayed and

- di stingui shed pradsiotg hdis feeyeantd iy longed romcaos daree 8d,t harid/pase of the
defects. Alength, a radius, a contrast, an orientation, circularity, a

wi dt h, a0positicwaldrny gtuitrentay hecatidipt tagedf @n tthee &fx te giork?i ras
characteristic quantities of various defects as well as a distance

(di stribution walhgdratien image ddse, Then, Mdpecttrastres®NG'he nouse to set
the pointer 80 at a predeterm ned position on the screen of the display
section 8 and p&FGERLMee o iacldef® Hpstatr mriucthere i srlawad oy race

enlarging the entire image on the area 8f. In addition, when the inspector
gt ng JP the ché%acter "OfL representing a non-defective P

product. In FIG. 2, the substrate image 81 to which a

15 symbol A is given shows that state.

In this case, since the color of a frame portion

811 of the substrate image 81 which has been determined
as a defective product is changed, the defective
substrate can be found at a glance. In this state,

20 when the inspector specifies a plurality of substrate
images 81 determined as defective products by the drag
& drop operation of the mouse or by using the pointer
80, these substrate images 81 can be altogether moved
to the area 8b to be registered as defective

25 substrates. Then, the initially set parameter is
changed to perform the defect extraction of the non-

defective substrate from which a defect was not able to



uses the nouse to set the pointer 80 at any one of the 23 defective
portions 1la, 11b and 11c or an arbitrary defect nanme in the list 12 and
carry out the click operatibn, a corresponding type of each defect 13, is
di spl ayed on the area 8g. Additionally, when the 5 inspector selects

anot her type of defect displayed on a defect type change box 8i consisting
of .a drop-down list box on the screen of g%e di splay section 8,.the

di spl ayed defect on the area 8g is changed to a correspondi ng type of
defect. That is, each defect 10 corresponding to each type of defect

di spl ayed on the defect type change box 8i .is previously registered in the
defect dicti ongley%f NAppe I%t Re die%%}fé:ctsdlr‘gﬂ&gia&m}ter\?s Sé‘\%gtt Sdér¥ct
each defect corresponding.to that type qf, defect is re framthe 15 defect
di ctionary 10 &ﬁdp '%sﬁlnag&ﬁ’ Qﬁot%iﬁ&%p@a € ﬁﬁr@héﬁn'\% THES nspect or
clicks a predeterm ned.defect 13 on.the.area 89, the entir.e inmage of the
substrate 2 onPRRCe c%t A& TQ8PSet t?’é_"tgg’r?a’sattrea&% S 2351 ﬁ@&.StﬁéfegieraeSSLﬁ t, it

ent | ro substr atet SBUEvES sBRBR AT (B Yned AiESibedt o BeE B % oot on

e i
entire substrate. Subsequently, Tn step t

601 j ud wh .S s def . JNf i J |
| dsgs wheticestbee s elaciointo md sp eI BTl

regi stered in the defect ictionary 1

each substrategd. yHRLR chh bReLat Srf r{%edgr%g:jldg:gfo‘ﬁr TBORL G By flew y

regi stered, the defect extraction section 1l registers it 1n the

defect dictionaeyetRive el on 1 elaheG sbedySthal it Mayde 'carried
out fromthe input section 7 by watching the scréen of the display section

8 by the inSpeEU@@mehl‘_& byl theasespeditor .examlte,ist ke ge)speet eupitestde
nouse to set the pointer 80 at any one, which should be newy registered,
of the defectidetpeniineds atla, delflectidel bubditypltay @@ fore Rhatgdag8fthen FI G
5 and performthe click operation in order to select a desired portion. 10
Furt her 10t he | pspeoketerclisckid splageikeats regiost-datfieat’ive substrate.
Incidentally, when the inspector uses fhe mouse to
set the pointer 80 on an "automatic setting" button 8k
on the screen of the display section 8 shown in FIG. 2
and perform the c;ick operation, the parameter is
15 automatically set to a preset value. As a result, the
defect extraction can be again effected for each
substrate image 81 which has been subjected to the non-
defective product/defective product judgment which will
be described later. A value of this parameter is
20 reflected on positions of the slide switches 7a and 7b.
Moreover, when the inspector uses the mouse to set the
pointer 80 to a "return" button 8c on the séreen of the
display section 8 shown in FIG. 2 and effect the click
operation, each substrate image 81 obtained by the
25 parameter before change can be redisplayed. By this

operation, the image obtained by the previous parameter

can be redisplayed by the single click operation and



button 8. As a result, information of the selected defective portion is
newly registered fromthe defect extraction section 601 to the defect
dictionary 10. Registration in the defect dictionary 10 is enabled by 15
novi ng one which should be newy registered-anong the defective portions
1la, 11b and 1l1c to the area 8g by the drag & drop operation. Furthernore,
a plurality of defects may be tenporarily registered by the drag & drop
operation in advance, and they may be colﬂectively 20 regi stered by
clicking the "defect registration” button 8§ when the defects to be

regi stered are finally determ ned. Thereafter, by repeatedly executing a

series of the dB6E-RASERQHARLRERY iR 15T PR iRRFaMRESS ¢ geRt i on
substrate | o CORMIARIEYhdnane ARl 4 BT RREen. Fhatced ng 1o
i Spl ayed on (0% ARPER o L TS 1 157G AT AR S ST e
seotion 801 1 s THEas ) TGS T 4t 18 e and the.
it value and it iier A9 i oty ohe nENee e b g ey
The opt | mim encRAm, Feser ek B SO AATS ddde LD dipdiiyst o

confirmng a d ' ' %ﬁé ' NE. ace
i mge of each %{?rﬁaﬁz%%%vﬁné;g{%{ﬁh%}s% on t |?Haﬂ]%lts]ﬁms¢ﬁ% As a

15 result, thegHGmador defect extraction can be easily created with high
reliability. In addition, by preparing the paraneter inputted fromthe

input section 7 in agtrsancer Wid tnoesiwf 1 defioise SUcthas ddWstor
irregularities, dust and others, 20 the highly accurate defect extraction
envi rond@ént camperateds the tdleide Bwicesef etd iarel P tidreHangd spleayed so as
to be superinposed on the surface imge of the substrate 2 displayed on the
di spl ay secti opa@ametgosianidrciofckshen disfoarte wehajora idefemt tdeertsur f ace of
the 25 substrate 2 can be accurately grasped. Furthernore, the abnormality
in the process aPpeays dpedilfd ahltsrat onimagas Y wifth HOKjuallispl gyethnment

of 26 the substrate 2 as a inspection subject, and it is . possible to_
make judgnent @Fothfhémfdr Gnes@stexdant ahahifbesefaat mradwetfext

process or returned to the previous process., 5 The present invention is not
linited to thewgﬂ eadjustlng the upper limit value a and the lower

15 limit value b of the threshold value for the defect
extraction. 1In this case, a part extracted as a
defective portion by changing the parameter in the
image is displayed with its color being changed. For
example, the color of the defective portion is changed

20 into an orange color if the defective portion is
increased or it is changed into'a'gray color if it is
decreased. In addition, the color of the frame portion
811 of the substrate image 81 whose defective portion
is increased may be changed. Additionally, if color

25 coding is carried out in accordance with each type of
defects, the density of the defect display color may be

changed in accordance with the parameter change



descri bed enbodi rent and can be nodified within the scope of the invention.
I ndustri al -Applicability According to the present invention, the operation
10 for creating the recipe for defect extraction can be readily carried
out, and it is possible to provi.de the defect inspection system capabl e of
creating the recipe with high reliability. 27 CZ Al MS 1. A defect

i nspection system conprising: inage acquipigng neans for acquiring a two

di mensi onal image of a subject which is a proce53|ng 5 target in a

manuf act uri ng process defect extracting nmeans for extracting a defect by a
def ect extract%ﬁg_ rithmusing a predeternined parameter for an inage
acquired by sai ﬁﬁg% acquiring neans; 10 displaying neans for displaying

an i mage of the def Cfttteorf élpe sa# el £ gac‘sﬁeéjq bé'héairgsréféfgf extracting

means; paraneter adjus |ng MBans Hor ad] ust i ng ara n accordance

ith def ect hiye
Vrreansaf o(ra jeﬁdgl ng f%h(irtf‘-,d g{}a ??{/l %klt eecigauébljrbglct glsgct K w@@ect i n‘#&g‘%mtl on
extracted by sgd def egh AL AGINDABAN S Thel o ARIE WS s | TRPREHd N, SYSt em

according to
5 section 8 shown in FIG. 2 if the parameter optimum for

the defect extraction seems to be obtained, that
. parameter is determined as a parameter in the;défect
extraction section 601 for each substrate 2 in units of
the initially selected recipe inspection lot. Further,
10 the defective substrate screen 82 finally determined as
a deféctive product by the inspector with this
parameter is registered.
Incidentally, when the inspector sets the pqinter
80 at a "display/non-display" button 8e on the screen
-15 of the display section 8 shown in FIG. 2 to carry out
the click operation, ON/OFF (display/non-display) of
display of the defective portion can be switched.
Furthermore, in case of non-display by which the
defective portion is not displayed, by emphésizing the
20 contrast of fhe image on the screen, the inspector can
easily see the actual state of the substrate.
Thereafter, as similar to a series of the
operations mentioned above, by determining the
parameter in the defect extraction section 601 for each
25 substrate 2 in units of other inspection lots, each
recipe can be created.

Subsequently, after creating the above-described



20 claim 1, wherein said quality judging neans has a function of checking
the defect .informati on extracted by said defect extracting neans with
defect data registered in a defect dictionary to determ ne a type of said
defect, and a function of registering a new 25 defect data in the defect
dictionary. 3. The defect inspection systemaccording to claim1l1, wherein
t he paraneter adjusting neans includes Hé§ slide switches which are

di spl ayed on a screen of said displaying ans and adj ust a paraneter, and
said slide switches and an i mage of the subject are sinultaneously

diopl ayed on sald screen ol SaLS, dsplaving eane, 5 Jhe derect
e B U
quality ?or an inagéﬂg#'tﬁgl%u%jgi?wﬁ %ﬁ?r%%gﬁgn%g%%g?Pﬁﬁag%%gc? extraction
by sai d defect engf%eaog&#%)epgg?geﬁgfg& ng?@eg@{&qeg rt},?gtdgyeé@e par amet er

adj usting meand [ hSpeCii on syst according to claima1,

wher ein id dig i s a;fu o) f mniom ezl I a
p!uralip?ﬁof sd%?%%%gﬂ%¥?ﬁggggggby %%i%g%%fg%f’é§%€a%%?%€gn%%€g§§Eg£?
displaying themddy gl 168y &P the InEplpilelinpecs | Al systemaggosding Lo
claim6, wherein said displaying neans displays thunbnail inages obtained
by minim zing S.caééjmé%f&‘iﬁg|t§tth§-iﬂ-§t|§‘e<§i€f.&9tld>@5§§c$h O &YSLEMdN

according to 25 claim 7, wherein said displaying neans di splays said

t hunbnai | i mg%ﬂ&@%r@@%%f@lﬁ%%f Ote@fpds CRSHEtd €cdl O s _
accomodati ng t he subject. a 29 9. e defect inspection system according
to claiml, wheisiticadd fhspd ayi Tigempans stspl 493, athé nB@ef&Ee aosubj ect
determ ned to be defective by said quality judging neans in an area

di fferert0 f romeartharad S fore d2 spf ayheaginspeesiail bopl Lis almagedfbgubhect s
extracted by said defect extracting neans. 10. The defect inspection system
accordi ng to cllkine Iservder etamand d3 di apd ayhhege heked- e sphags as

generated as a two-dimensional image by the image input
section 4. The pixel data of the two-dimensional
images is stored in the image storage section 5 and
15 supplied to the defect extraction section 601.
Subsequently, in step 403, the defect extraction
section 601 executes the defect extraction of each
substrate 2 by using the parameter according to the
selected recipe. Thereafter, in step 404, the control
20 section 6 displays the image of each substrate 2 and a
result of defect extraction by the defect extraction
section 601 as the thumbnail image on the area 8a of
the display section 8.
In this case, as similar to FIG. 2, the substrate
25 images 81 of all the substrates 2 of the inspection lot
are aligned and dispiayed on the area 8a of the display

section 8 in the order of the slots or ID codes or in



defect extracted by said defect extracting neans in 10 such a manner the
def ect. over,l aps on an i mage of the subject. 11. The defect inspection
system according to claim1, wherein said displaying nmeans displays a
result of the quality judgnment by said quality judging 15 neans in colors
or characters for each inmage. 12. The defect inspection systemaccording to
claim1, wherein said displaying neans di?BIays the defects by
di stingui shing them by using different cofors in accordance with each type.
20 13. The defect inspection systemaccording to claim1, wherein said
di spl ayi ng neaps changes a col or, of .a defect extracted,by usi.ng a paraneter
changed by thetsﬁraﬁﬁggp 8&F§§tﬂﬁgtﬁﬁaﬁ§r§ﬁ&a iéﬂaa§§rﬁﬁpnfi; The def ect
i nspection system according. to §5 claiml . wherein said,predetermnned
par oot er i s pPEpRFEAOPT - acdbr §BiGe A KB, SUDSFIA et beae &4 Fopection
condition or ap,inspectiaon t?od. .r.30 15.. The, defect inspectiaon system
according to CPEFnﬁﬁgskﬁéFér? ﬁ@mpgpéﬁgtgrégéfﬁgtpﬁa ﬁgﬁﬁse %ﬁa§ eda | ower
limt value angsaa-ggﬁggeu Tl sY2hU8 hAhnd ‘Ehgfcegeh%%@cgi%epg%gﬁto r, and
sai d defect extracting nmeans “extracts'image data exceeding sald-upper
limt vajue ampugsifRYS dakae%aeedln@ubkdak@hali™st . on the
other hand, as similar to FIG. 2, each defective
substrate image 82 from which a defect has beep'f
extracted during creation of the above—described recipe
or the previous inspection and which has been
10 registered as a defective product is aligned and
displayed on the area 8b of the display section 8 in
the vertical direction with a defective portion being
superimposed thereon. In this state, when the
inspector uses the mouse to set the pointer 80 on
15 _either the substrate image 81 or 82 displayed on the
area 8a or the area 8b and carry out the click
operation, only that image can be enlarged and
displayed as one-image display.
Then, in step 405, the inspector sees the display
20 section 8 and judges whether the defect extraction
performance is sufficient. If it is not sufficient,
the parameter for the defect extraction section 601 is
changed in step 406. 1In this case, the inspector
changes the parameter by operating the slide switches
25 7a and 7b displayed on the screen of the display

section 8 as described above. As a result, in step

403, the defect extraction section 601 again executes



val ue. 16. The defect inspection systemaccording to claim1, wherein said
def ect. extr,acting neans has a 10 function of registering a defect

desi gnated by said displaying neans. 17. The defect inspection system
according to claim 1, wherein said displaying neans has a function of

di spl ayi ng an i mage of the subject based on a 15 paraneter changed by the
paraneter adjusting neans. 18. The defect hnspection system according to
claim1l1, wherein said displaying neans hag a list box which displays defect
types and, when any one of defect types shown in said |ist box is

designated, said 20, di splaying neans displ ays efect cqrresponding to the
desi gnat ed typé:.helgj.ef‘ﬁ’tg: d%‘f c‘?’r@’bé’cﬁ |‘%‘r1§gys§‘l ra?ctceorgd?%@ t(srge claim1,
wherei n said di splayi nmeans, redi spl ays .an i mage before ngi ng a

par amet er by tt?ipaﬁbdlefﬂgia&a%%’aj u?ﬁlq{é ﬁ%&r‘%ﬁjﬁ%r%{igﬂgrﬁﬁ%ﬁ .
operation is cary,jed t. 20. The defect inspection system.according to

31 claim1, vm:‘lrde% riarécg%cf‘%!sslbt?sa?ﬁq%“%gcﬁéjscﬁasndjeesrgﬁyegé‘spl s&él%ol or of a
frame of an imge of 3 subigel; AHA TP I PSHlPhRRd e de @bk gual ity

j udgi ng neans.
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performance is sufficient in step 405, the deﬁeét

judgment is carried out by inputting a predetermined
direction from the input section 7 by the inspector in
10 step 407. 1In this case, defect information of each
substrate 2 is supplied from the defect extraction
section 601 to the quality judgment section 2, and the
defect judgment is executed in the quality judgment
section 2. The quality judgment section 9 checks the
15 defect information with the defect data stored in the
defect dictionary 10 and determines a type and the like
of a defect extracted by the defect extraction section
601. Further, the quality judgment section 9 judges
whether each substrate 2 can be put in the next
20 production line, namely, upon the quality (non-
defective product/defective product) of each substrate
2 based on the judgment result. The defect judgment
and the quality judgment may be carried out by watching
the later-described screen of the display section 8 by
25 the inspector.
FIG. 5 is a view showing a display example of on

the display section 8 at the time of above-described
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as well as a distance (distribution value).
~ In this case, the inspector can use the mouse to
set the pointer 80 at a predetermined position on the
screen of the display section 8 and perform the click
25 operation, thereby minimizing or enlarging the entire

image on the area 8f. In addition, when the inspector

uses the mouse to set the pointer 80 at any one of the
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defect type change box 8i consisting of a drop-down
list box on the screen of the display section_&fmthe
displayed defect on the area 8g is changed to'a
corresponding type of defect. That is, each defect
10 corresponding to each type of defect displayed on the
defect type change box 8i is previously registered in
the defect dictionary 10. When the inspector
designates any type of defect, each defect
corresponding to that type of defect is read from the
15 defect dictionary 10 and displayed on the area 8qg.
Further, when the inspector clicks a predetermined
defect 13 on the area 8g, the entire image of the
substrate 2 on which that defect is generated is
displayed. As a result, it is possible to recognize a
20 position or a direction 6f the defect on the entire
substrate.

Subsequently, in step 408, the defect extraction
section 601 judges whether there is defect information
which should be newly registered in the defect

25 dictionary 10 among the defect information of each
substrate 2. Here, if there is the defect information

to be newly registered, the defect extraction section
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qllO@&#lQ&&f() example, the inspector uses the mouse to set the
pointer 80 at any one, which should be newly
registered, of the defective portions 1lla, 1lp"éhd 1llc
displayed on the area 8f in FIG. 5 and perfofm the
click operation in order to select a desired portion.
10 Further, the inspector clicks a "defect registration"
button 8j. As a result, information of the selected
defective portion is newly registered from the defect
extraction section 601 to the defect dictionary 10.
Registration in the defect dictionary 10 is enabled by
15 moving one which should be newly registered among the
defective portions 1lla, 1lb and llc to the area 8g by
the drag & drop operation. Furthermore, a plurality of
defects may be temporarily registered by the drag &
drop operation in advance, and they may be collectively
20 registered by clicking the "defect registration" button
8] when the defects to be registered are finally
determined.
Thereafter, by repeatedly executing a series of
the above-described operations while replacing the
25 inspection lot as an inspection target, the defect
inspection of the surface of each substrate is

conducted, and new defects are registered.
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same screen of the display section 8 in units of the
inspection lot. 1In this state, the parameter for the

5 defect extraction section 601 is changed by the upper
limit value slide switch 7a and the lower limit value
slide switch 7b of the input seétion 7, and the'ﬁpper
limit value and the lower limit value of the threshold
value for defect extraction, i.e., the defect

10 extraction sensitivity is thereby adjusted. The
optimum environment for defect extraction is set while
visually confirming a degree of a defective portion
which appears in the surface image of each substrate 2
by the inspector based on this adjustment. As a

15 result, the recipe for defect extfaction can be easily
created with high reliability.

In addition, by preparing the parameter inputted
from the input section 7 in accordance with types of
defects such as flaws, irregularities, dust and others,

20 the highly accurate defect extraction environment can
be set. Further, since defective portion is displayed
so as to be superimposed on the surface image of the
substrate 2 displayed on the display section 8, a
position of the defecti&e portion on the surface of the

25 substrate 2 can be accurately grasped.

Furthermore, the abnormality in the prbcess can be

specified based on a result of the quality judgment of
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the previous process.

5 The present invention is not limited to the above-
described embodiment and can be modified within the
scope of the invention.

Industrial Applicability
According to the present invention, the operation
10 for creating the recipe for defect extraction can be
readily carried out, and it is possible to provide the
defect inspection system capable of creating the recipe

with high reliability.
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dimensional image of a subject which is a processing
5 target in a manufacturing process;
defect extracting means for extracting a defect by
a defect extraction algorithm using a predetepmfﬁed
parameter for an image acquired by said image acquiring
means;

10 displaying means for displaying an image of the
defect of the subject extracted by said defect
extracting means;

parameter adjusting means for adjusting the
parameter in accordance with a defect extraction degree

15 for the subject; and

quality judging means for judging the quality of
the subject based on a defect information extracted by
said defect extracting means.

2. The defect inspection system according to

20 claim 1, wherein said quality judging means has a
function of checking the defect information extracted
by said defect extracting means with defect data
registered in a defect dictionary to determine a type
of said defect, and a function of registering a new

25 defect data in the defect dictionary.

3. The defect inspection system according to

claim 1, wherein the parameter adjusting means includes
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claim 1, wherein said defect extracting means has a
function of automatically setting a parameter:téwjudge
a subject whose defect is known in advance. |

5. The defect inspection system according to

10 claim 1, wherein said quality judging means judges the
quality for an image of the subject acquired by
executing defect extraction by said defect extracting
means by using a parameter set by the parameter
adjusting means.

15 6. The defect inspection system according to
claim 1, wherein said displaying means has a function
of minimizing images of a plurality of subjects
extracted by said defect extracting means and
displaying them in a list.

20 7. The defect inspection system according to
claim 6, wherein said displaying means displays
thumbnail images obtained by minimizing said images in
a list.

8. The defect inspection system according to

25 claim 7, wherein said displaying means displays said

thumbnail images in accordance with each lot of a

cassette for accommodating the subject.
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quality judging means in an area different from an area

5 for displaying images of a plurality of subjects

extracted by said defect extracting means.

10. The defect inspection system according'Eo
claim 1, wherein said displaying means displéys a
defect extracted by said defect extracting means in

10 such a manner the defect overlaps on an image of the
subject.

11. The defect inspection system according to
claim 1, wherein said displaying means displays a
result of the quality judgment by said quality judging

15 means in colors or characters for each image.

12, The defect inspection system according to
claim 1, wherein said displaying means displays the
defects by distinguishing them by using different
colors in accordance with each type.

20 13. The defect inspection system according to
claim 1, wherein said displaying means changes a.color
of a defect extracted by using a parameter changed by
the parameter adjusting means and displays it.

14. The defect inspection system according to

25 claim 1, wherein said predetermined parameter is
prepared in accordance with a type of a defect, an

inspection condition or an inspection method.
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16. The defect inspection system according to
claim 1, wherein said defect extracting means has a
10 function of registering a defect designated by said
displaying means.
'17. The defect inspection system according to
claim 1, wherein said displaying means has a function
of displaying an image of the subject based on a
15 parameter changed by the parameter adjusting means.
18. The defect inspection system according to
claim 1, wherein said displaying means has a list box
which displays defect types and, when any one of defect
types shown in said list box is designated, said
20 displaying means displays a defect corresponding to the
designated type.
19. The defect inspection system according to
claim 1, wherein said displaying means redisplays an
image before changing a parameter by the parameter
25 adjusting means, when a predetermined operation is

carried out.

20. The defect inspection. system according to

»
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claim 1, wherein said displaying means changes and
displays a color of a frame of an image of a subject
determined to be defective by said quality judging

means.



