,A 3515  METHOD AND SYSTEM FOR | NSPECTING A PATTERN . M<=¥io34Ack
. *OF THE | NVENTI ON The present invention relates to a Qatternj?kn§pecting
met hod apd a{systen1for use in such a nethod in which an i ge abpdq 1717
mavefornSrep.esenting t he physi cal properties of an object such as™a
'sem conductor wafer or tHe like is obtained by utilizing light, an
el ectron beamor the like;, and the imge or the waveform is conpared wth
the desigh information or the resultant image, thereby inspecting a
pattern, andsa sem conductqr 10 wafer manufacturing nmethod enploying the
sanme. As for -the conventi-onal nethod of inspecting a pattern, as described
in JP-A-6-294750, there is well known a first nmethod wherein by utilizing
~the property in which it can be expected that the chips adjacent to 15 one
anot her have the sane pattern, a pattern of one chip is conpared with that
of the chip adjacent thereto, and if there is any difference therebetween,
then it is -judged that the pattern of any one of the chips has a defect.
In addition, as described in JP-A-57-196530, 20 there is well known a
: second nethod wherein by utilizing the property in which it can be
- expected that nmenory cells within a chip have the sane pattern, a pattern
. of one nenory cell is conpared with that of the nenory cel
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adj acent thereto, and if there is any difference TH S SHEET HAS BEEN
REPLACED 2 therebetween, then it is judged that the pattern of any one of
the nenory cells has a defect. Further, as described in JP-A-3-232250,
there is well known a third nmethod whereijn-a storage unit for 5 storing
therein, on the basis of the pattern arrangenent information within a chip,
wWth respect to the scanning direction of one-di nensional sensor and the
storage scanning direction fromthe starting point of the chip, the data
of a chip conparison inspection area and a 10 repeated pattern(a pattern of
a nenory cell) conparison inspection area is included, and with tune to
both the sensor scanning position and the stage inspection position, it
is controlled whether or not the defect output of the chip conparison

i nspection an@ACKERPEMNE (OF) THItINMENSEIGMe repeated pattern conpari son

i nspection can be outputted. In the conventional first nmethod, two kinds
of errors are mixed si A€ PFESERtHd NYARE e I@lteseto apgpatdens as t he

i1 or eonce ocahEDesd 1o A G ARdh e SOt CSt Ao ORISR & MaRbst to
Then, the expacurs canart iSRESEE 2RSSR BARBES IS4 or ent - ohl pe.
since the aligRgki2alCar ol tBHOBE L R It ace Yenile aligr at the
wafer or the like is obtained by utilizing light, an
electron beam or the like, and the image or the waveform
is compared with the design information or the resultant
image, thereby inspecting a pattern, and a semiconductor
10 wafer manufacturing method employing the same.
As for the conventional method of inspecting a
pattern, as described in JP-A-6-294750, there is well
known a first method wherein by utilizing the property
in which it can be expected that the chips adjacent to
15 one another have the same pattern, a pattern of one chip
is compared with that of the chip adjacent thereto, and
if there is any difference therebetween, then it is
judged that the pattern of any one of the chips has a
defect. 1In addition, as described in JP-A-57-196530,
20 there is well known a second method wherein by utilizing
the property in which it can be expected that memory
cells within a chip have the same pattern, a pattern of
one memory cell is compared with that of the memory cell

adjacent thereto, and if there is any difference

THIS SHEET HAS BEEN |
REPLACED




_same tinme, or in the CVD systemor the like, the overall surface of the

waf er can be processed at the sane tinme, but if the conparison distance is
l ong, then the - 3 different thicknrsses are obtained in the periphery of
the wafer especially so that the different; patterns are forned. The second
error is due to the inspection system Then, while the patterns are

detected and Trnngadtadeen | herire anotdiejuddd®rermhPradet s ded dapsg of
time since it is difficult to detect at" the sane tinme the large area, if

the time interorsd dfs Hhenguenidien delels defecd iquFauyd, conpari son are readily
to be affected by the systemdrift, the vibration and the |like. There 10
fore, in order to ensurédutitham! iabiddgdor,ibdd®e isy JreR-L-ABAIUGE itdrend | | be
conplicated to increase the cost. 1In the conventional second or third

met hod, the patst &t lofknawn ghjtduird adithabimin @ rewessgr idnit Fasent .

| n ot her rds, the inspection area is limted 15 on the division line
bet ween thé mEMOEE HAATRE T heo diarbasiis if dde ma ttetrohiany argementt t he

i nside of the, oI which the nmenory cells are regularly

| nsi d i B tE;lrgatgpprt.ion 3%1 ; o .
ged, and &&E dhetiTHdhd qi iR tHdh FesPefteds tdoEaaning y
CRL e o e AR R BRI Skl "
ho aresult, Coor S e PR S e R R b FP o Tt e
and 25 hence the dRIRET AN dMIYP I 18dd Sddgidtidn area and a
10 repeated pattern(a pattern of a memory cell) comparison
inspection area is included, and with tune to both the
sensor scanning position and the stage inspection
position, it is controlled whether or not the defect
output of the chip comparison inspection and the defect
15 output of the repeated pattern comparison inspection can
be outputted.

In the conventional first method, two kinds of
errors are mixed since the chips have the different
patterns as the objects of comparison, and even in the

20 case of the normal portion, the difference occurs so
that the identification of the defect of interest to the
fine defect becomes difficult. The first error is due
to the object. Then, the exposure'conditions are
different between the different. chips since the aligner

25 can not expose the overall surface of the wafer at the
same time, or in the CVD system or the like, the overall

surface of the wafer can be processed at the same time,

but if the comparison distance is long, then the



, SUMVARY OF THE | NVENTI ON The present invention was nmade in order to 4
*sol ve the foregoi ng problens associated with the prior art, and it is an
obj ect of the present invention to provide a pattern inspecting method
which is capable of inspecting all the_ageas of portions, which are forned
5 by small scale repetition, on an object to be inspected such as a

sem conduct or qW&Erer ewitt h Hlickh r@ldsalidd tob ik ndd8 S it esrg‘ia%i ey on of

the inspection area, and a systemfor use in such a ne ¥ S anot her
obj ect of thetpeeseifieri megridiallylGd ahptowhde @ rrRirked ¢fatFRisaGle i ng a
sem conductor wafer by which for a sem conductor wafer in which a
repetitive pafpémﬁdlncﬂmm m@d@mﬂ1earmgnnmydmmttpommmoﬁns@@@taodlrect
peripheral circuit is forned, a defect can be inspected wth high
reliability t8Y848Re Theingh wis leudhe paddmirasnduet detwafted madbe
manufactured. In orger to attain the above-nmentioned objects, according

to the presenFopﬁééﬁ Hﬁt ﬁ@Pe%@?thﬁFoﬁﬁééd & pAecets rmiaeécliapsensthod

wherein an obj t9 be .insp in_which _a pIurallt of sane pattern 20
groups are fo#?@% ncﬁadédlﬁo %&éFHlﬁmﬁod ﬁ§ﬁ§|oﬁél %G §ergl tilfgge

signal s of they,gbjge tgrgg |g§p%§ g%Q@pg& gﬁ& is gaﬁgcfl E%Lzheof t he

pattern of the pattern ~groud

compar ed i ?EEFEEEF%ESe%?g%EF@%%%%ea%'s?'tfts?'ﬁél&ﬁ%?hé' F6RaReR, B3t ot her
pattern groupghensyBeeRAbli@skt,0th® vibration and the like. There-
10 fore, in order to ensure the reliability, the system
construction will be complicated to increase the cost.
In the conventional second or third method,
the pattern of the object to be compared is necessarily
present. 1In other words, the inspection area is limited
15 on the division line between the memories having the
comparison direction matching that cf the inside of the
memory mat portion in which the memory cells are
reguiérly arranged, and also the specification of the
area needs to be strictly carried out. 1In particular,
20 in the recent pattern layout in which the inside of the
memory mat is finely divided, the inspection areas need
to be set in only the inside of the areas which are
obtained by the division. As a result, it will be
expected that the area setting takes a lot of time and

25 hence the inspection possible area is limited.

SUMMARY OF THE INVENTION

The present invention was made in order to



i nspected which should be essentially the same as the pattern of the
pattern group to be inspected in order to 5 extract a defect; and the
information relating to the defect thus extracted is outputted to a
comuni cation line. In addition, according-to the present 5 invention,
there is provided a pattern inspecting nethod wherein an object to be

i nspected in ek ahy lﬁ&'éédﬁnfbr&%ﬁ%n@%ﬁdbﬂit@@%i%@ tfl-FéLgB?rqboa:t
predeterm ned pitches is inaged to obtain image signals of t object to
be i nspected; arfte iamghe tsiignaln o jedte gRidRY prafsdrte iHy Rt tProup to
be inspected on the object to be inspected, out of the inage signals is
conpar ed wi t hPiriew i densgeaditpral sinefpetdtel rag et hpad twarirc kg ricu psapab it @ fobj ect
to be inspected which shoul d be essentially the sane as the pattern of the
pattern groupiERSE iimghediledhien arPasy e Rar tearisudevidmh @fr of dloganedef ect s
to detect g true defect; and the information relating to the true defect

t hus det ected“¥s Sg@ﬁﬂuﬁce&_e Irrﬁel%‘?d'ditt’icH’rr],c e & dhiigato ttcggmgrlfﬁﬂctfed

i nvention, th [ rovi ded a t.hod of_ins ting.a ) defect of a
pattern wher EI%IEII%E %gfﬁacgﬁg&&o&dr%atro r W#Wl"gﬁ%‘ahd%ﬂ érer}llar?c’itldgiyné}ygﬂrgdaat
menory mat poiiikLoR ; | I.aGt ri ci.,rcuit .i.s repeate :
prede%/erm' ngdl%%:et %ﬁg?qies%ip%cge ;C#ﬁgn;)%%ghse! dr?ﬁpe\ﬂfil&? H&E &Y bt ai ned
by the inmagi ngyksemOBve’ 1% int Quen 4 HdtHod Mge signals; the digital

i mage signals “corresponding to a notice point of the pattern to be

It is another object of the present invention

10 to provide a method of manufacturing a semiconductor
wafer by which for a semiconductor wafer in which a
repetitive pattern including both a memory mat portion
and a direct peripheral circuit is formed, a defect can
be inspected with high reliability to enable a high

15 quality semiconductor wafer to be manufactured.

In order to attain the above-mentioned
objects, according to the present invention, there is
provided a pattern inspecting method wherein an object
‘to be inspected in which a plurality of same pattern

20 groups are formed is imaged to obtain two-dimensional
digital image signals of the objéct to be inspected; the
digital image signals, of the pattern of the pattern
group to be inspected on the object to be inspected, out
of the two-dimensional digital image signals are

25 compared with the image signals of the patterns of the
plurality of other pattern groups on ﬁhe object to be

inspected which should be essentially the same as the

pattern of the pattern group to be inspected in order to



inspected on the sem conductor wafer in the digital inage signals which

- have been obtained by the conversion 6 are conpared with a plurality of
digital image signals corresponding to the positions which are the
predeter- mined pitches away fromthe natigce point in order to extract
defect candidates; false defects are extracted 5 fromthe defect candi dates

thus extract edxtayetofa tdeFedtdl %Qﬁdja:frﬁcti%ﬂosm@@ldm%lfartqm# he defeect
candidates to detect a true defect; and the information relating to the

true defect tidesedt etivad dxt radtud tied duvputded cOMARIRGRUARIEYS. 10
Further, according to the present invention, there is provided a nethod of
i nspecting a déhest of a pattern wherein a seniconductor wafer in which a
pattern including both a menory mat portion and a direct peripheral
circuit is repeatedly fdnmmeddit ipnedelceoridied 15 pihkecpeesienti maged; the

i mage signal which has been obtained by the imaging is converted into

di gi tal i mage 1ngEFFACS, therd dist #ra A gedite roorimespeotdingg med had
notice point %&Sthe pattern to be inspected on the sem conductor wafer in

[

the digital 24 A% SPWFCEh T80 Bfav@ sest eshtiai wbd by & M ugerhidsi on are
IS o, "t B ol Bkl oo IR RGNS Lo e
the di roct 28Pnee  cherar Hacs FeS PRIt il Y1gRETY b TheldbisRE “he
I nformation rebabendnkpehteddeitdel I malyes s4eh34, 8¢ $he pattern of the
10 pattern group to be inspected on the object to be
inspected, out of the image signals is compared with the
image signals of the other pattern groups on the object
to be inspected which should be essentially the same as
the pattern of the pattern group to be inspected in
15 order to exclude any of false defects to detect a true
defect; and the information relating to the true defect
thus detected is outputted.
In addition, according to the present
invention, there is provided a method of inspecting a
20 defect of a pattern wherein a semiconductor wafer in
which a pattern including both a memory mat portion and
a direct peripheral circuit is repeatedly formed at
predetermined pitches is imaged; the image signal which
has been obtained by the imaging is converted into
25 digital image signals; the digital image signals
corresponding to a notice point of the pattern to be
inspected on the semiconductor wafer in the digital

image signals which have been obtained by the conversion



outputted. 7 Further, according to the present invention, there is
*provided a pattern inspection systemincluding: imaging neans for imaging
an object to be inspected; A/D conversion neans for converting an i nmage
signal of the 5 object to be inspected whicch has been inmaged by the

i mgi ng neans into digital inmge signals; defect candidate extracting

means for conmpafel Renigde el Giltd a igMae S fai otsi j 5 t he
object to be i nspectﬂeég: inthe digital i nt%gglil%r?alﬁglmﬁﬁeﬁg\}%g%n 10

obt ai ned t hr oegir rielspoNdR repracertHed pdays tikm sAWR i FORMEY SiHeN greatet awit h t he
digital image signals of conparison points, corresponding to the notice
poi nt, of a plimed Pyt cdfespavweagr fiyoshittle stoilak e iegsdnt icalder tdee sane as
~the pattern of the notice point in order to 15 extract defect candi dates of
t he notice pof#tragdf dafectetcandiniptasans alee detfectisngrae texte adefeelct from
t he defect. candi dates thus extracted; and output means for outputting

t her et hrough tREM k6 fafiest candtidageaso thvs extrecteldecamhes ddet ect ed.

20 Furthernore, ;accaording tq the present.  invention, there is provided a
pattern i nspe%tail(?ﬁ %teé’%'ns ilﬁcled‘dﬁplﬁ’él.eq FEQR $ihgn sle f@stte @aNgld dag@ss tioor

2 ropet i tive QSEEnS £RE MeeTh ARG R ot RO A TR T mage
Si gnal o vhi ohhave SEele TRt shle SHRRNTd 3. iR pHER e TBERHR reans o

communication means.

10 Further, according to the present invention,
there is provided a method of inspecting a defect of a
pattern wherein a semiconductor wafer in which a pattern
including both a memory mat portion and a direct
peripheral circuit is repeatedly formed at predetermined

15 pitches is imaged; the image signal which has been
obtained by the imaging is converted into digital image
signals; the digital image signals corresponding'to a
notice point of the pattern to be inspected on the
semiconductor wafer'in the digital image signals which

20 have been obtained by the conversion are compared with a
plurality of digital image signals corresponding to a
pPlurality of positions in the periphery of the notice
point, thereby detecting any of defects whiéh are
present in the memory mat portion and/or the direct

25 peripheral circuit of the pattern to be inspected; and
the information relating to the defects thus detected is

outputted.



, two- dlnen5|onal i mge signals; difference image 8 extractiﬂg means for
~conparing the digital inage signals of a notice point in the
tmgpdlnegS|onal digital image signals which have been obtained through the
A'D conversion by the A/D conversion neags with the digital 5 inmage
signals of a plurality of conparison points |ocated at predeterm ned

pitches which are integ@@rtﬂﬁﬂtidﬂdg%dﬁnéfybrgﬂyﬂﬁﬁéégaﬁﬂlﬁugﬁiI the X
direction and in the Y direction in order to extract the I mage S|gnals

representing tthe rei fﬁser;frlmsie(dila‘ frertereyen | irhgee cltG o Bad tom Bf{ARRAN ddie
digital image signals of the notice point and the digital inage signals of

the plurality ig@agingnseansorf quoiimasyimefac tobcmadi dat ebeexitrrsatd veg ;megs f or
extracting defect candidates on the basis of the plurality of difference

i mage si gnal sc\%‘l"%sﬁ-&f’e"‘@@éﬁ fy aanveottddyan Haagef fsdrgnade dfretge
extractlnggna and g§§ECt extractlng means for extracting a true defect

fromthe déefe Jt?é:r‘fdlt(?a é"lﬁé’éhﬁrb&ﬁt ?d“@)@ei ﬁé’dmdci e 0
candi dates ext(acti nmeans ng t he det.ection nmethod an

syst em constr uc %on%s e@é’sscﬁ"%da‘g‘@g\fé flc?}agﬁ ISthfét :ar @&sfte(ﬁtnt hgnso:‘)]E i ?RZ
whi ch are for e |l |t|on Q e ern,

defects can bggﬁggﬁg%gé §%§ Ctﬁﬁgﬁ HIS?WBfrlﬁg %Wb SELARSN setting

ﬁ%???ucf?o'n”l?‘%?bé'sq@i“ﬁté’éa?%g%t E’f’&%l‘#%e or?*ﬁﬁéﬂe s 05T R R by ¢ he
smal | scal e repepetited ah @ digital image signals which have been

10 obtained through the A/D conversion by the A/D
conversion means with the digital image signals of
comparison points, corresponding to the notice point, of
a plurality of patterns which should be essentially the
same as the pattern of the notice point in order to

15 extract defect candidates of the notice point; defect
detecting means for detecting a true defect from the
defect candidates thus extracted; and output means for
outputting therethrough the information relating to the
true defect thus dertected.

20 Furthermore, according to the present
invention, there is provided a pattern inspection system
including: image signal detecting means for detecting
the physical quantities of an object to be inspected, in
which a repetitive pattern is formed, in the form of

25 two-dimensional image signals; A/D conversion means for
converting the two-dimensional image signals which have
been detected by the image signal detecting means into

two-dimensional image signals; difference image



pattern, any of the defects can be inspected at high 9 speed and with high
‘relfability by the sinple area setting nethod. Further, by adopting the
above-nentioned systemconstruction, for the sem conductor wafer in 5
which the repetitive pattern including bogh-the menory nat portion and the
direct peripheral circuit is formed, any of the defects can be inspected

Wi th high relexalialdttih@néadN et knpa0h i alhd ¥ i$AMa00NHAG O s i gMf180 can
be nanu?actured. 10 BgﬁgF DESCRIPTIC&QEF THE DRAW NGS The_above éﬁglother
obj ects as wellf as ncadwentpeges dfhn tthe pwesimdnvional0@iWiltalbaeye cl ear
by the follow ng description of the preferred enbodi ments of the present

i nvention witsigekdsemid cho hiave beeac ciraameidng httoaigihn@he Wyerein: Figs. la
and I'b are schematic views showing the layout of a wafer fromwhich a

sem conduct or CRENEEE 19ns biyo the Auidufcanvered am means’ ddbe tiet ldilghie ar esent

i nvention, cand chi ps arranged thereon; 20 Fig. 2 is a schematic view _
showi ng the | APBGE SIPN2LlSedr @ Mt rEdrittivopfasempadiisent podmitgher al circuit

' dance,wi th the present invention; Fig. 3.is a schematic view useful
in exol 1@%5ted At ﬁﬁtﬁﬁgﬁgfpi&Htﬁpe%hghﬂﬁ§i&éeoﬂn5992§l

in explaining corrparlsoﬁ)r _
two- di mensi ongl,1£§RGEISt ¥ cRR! o2 i1 :3EC Y dance With, the present
I nvention; 10
and in the Y direction in order to extract the image
signals représenting the differences (difference image
10 signals) between the digital image signals of the notice
point and the digital image signals of the plurality of
comparison points; defect candidate extracting means for
extracting defect candidates on the basis of the
plurality of difference image signals which have been
15 extracted by the difference image extracting means; and
defect extracting means for extracting a true defect
from the defect candidates which have been extracted by
the defect candidates extracting means.
By adopting the detection method and the
20 system construction as described above, for all the
areas of the portions which are formed by the small
scale repetition of the pattern, any of the defects can
be inspected with high reliability by the simple area
setting method.
25 In addition, by adopting the above-mentioned
system construction, for all the areas of the portioné
which are formed by the small scale repetition of the

pattern, any of the defects can be inspected at high



'Fig. 4 is a schematic view showi ng inspection areas in the nenory mat

< portion and the direct peripheral circuit in accordance with the present
invention; 5 Fig. 5is a schematic view useful in explaining conparison
and inspection of the sides of the two-digrensional repetitive pattern in
accordance with the present invention; Fig. 6 is a schematic view useful

in 10 expl ai nisigedrared |wDfh antyh nﬁ@ﬁﬁéﬁpﬂi? BPSCHAS Afp 1 frea
one-di mensi onal repetitive pattern in accordance with the present
i nvention; Fi@gettimny anesthmdrati ¢ vi ew useful in explaining conpari son and
i nspection of the ends of a 15 one-dinensional repetitive pattern in
accordance with the prdyatthémvdit iadopthing thd sweimerstioned ew usef ul
in explaining conparison and inspection of the isolated point and the
corner porti oY SYEMHQIIHHE et h fore the sericonductentwalier Firg. 9 is a
schematic %tru tural view showng a first enbodi nrent of a nethod and a
system for ° i rVg"p‘&ﬂ ithf &RV IVaRA Ty inrluding &t - theamnany Fi gs.
10a to | 0e are _schemmtic vie useful in 25 explaining the feature
quantities i nma?itc&r°?f2ﬁf;°é‘ \/ﬁri‘#’m\ﬁttr?%_g’p‘ree%terﬂeﬁmqlprﬁlﬁﬁt 1S jEozped,
schemati ¢ vi e sefalled adpRlel AP b e RS ) 631 ,0f the first
reliability and hence the high quality semiconductor

wafer can be manufactured.

10 BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects as well as
advantages of the present invention will become clear by
the following description of the preferred embodiments
of the present invention with reference to the

15 accompanying drawings, wherein:

Figs. la and 1lb are schematic views showing
the layout of a wafer from which a semiconductor memory
is to be manufactured in accordance with the present
invention, and chips arranged thereon;

20 Fig. 2 is a schematic view showing the layout
of a memory mat portion and a direct peripheral circuit
in accordance with the present invehtion;

Fig. 3 is a schematic view useful in
explaining comparison and inspection of the inside of a

25 two-dimensional repetitive pattern in accordance with

the present invention;



shown in Fig. 9; Fig. 12 is a schematic view useful in explaining a second
' nodi fication of the first enbodi ment shown in Fig. 9; 5 Fig. 13 is a
schematic structural view showing a second enbodi nent of the nethod and
the systemfor inspecting a pattern accoygling to the present invention;
Fig. 14 is a view useful in schematically explaining that in the second

enbodi ment of the pattemg.1Q ijRsReEdHhatBIN ANLHRE %%?fefc%rio se in
nmsuch a method according to the present invention, the shape a defect

i s faithfullyaeeasadredhas e defend pararidaing thed di¥edts a schenmatic
structural view showing 15 a third enmbodinent of the method and the system
for inspecti Ppgrapbetradr ¢ izcedrtdiing aardridamree sertth itheepie®entFig. 16 is a
schematic structural view showing a fourth enbodi ment of the nethod and

t he systen1fo#nvﬁﬁ§ﬁé6b|ng a pattern according to the present invention;

20 and Flg5 17 is a schematic structural view showng a fifth enbodi ment

of the method and the s?&ﬂenﬁfdﬁ 3 ssheraitig yigst usefudcdording to the

pr esent |nvent|o;8&9§ CRlI PTI ON OF THE PREFERRED ENBCDINENTS 25 The

preferred embSdP NS HEB S ARG NSRS R I9E f&eeisisrseothahe
described in @@BQHHmWHEQOnaﬁf% %@&%GT%J”H%G%%%%”H%”%E% r %%@en SlthI b - 12

the present invention;
Fig. 6 is a schematic view useful in
10 explaining comparison and inspection of the inside of a
one-dimensional repetitive pattern in accordance with
the present invention;
Fig. 7 is a schematic view useful in
explaining comparison and inspection of the ends of a
15 one-dimensional repetitive pattern in accordance with
the present invention;
Fig. 8 is a schematic view useful in
explaining comparison and inspection of the isolated
- point and the corner portions in accordance with the
20 present invention;
Fig. 9 is a schematic structural view showing
a first embodiment of a method and a system for
inspecting a pattern according to the present invention;
Figs. 1l0a to 1l0e are schematic views useful in
25 explaining the feature quantities in accordance with the
present invention;
Fig. 11 is a schematic view useful in

explaining a first modification of the first embodiment



Fig. 1 shows a schematic view of the pattern [|ayout of a sem conductor
> wafér in the nmiddle of the manuf acturing process in a sem conductor nenory
as an enbodi nent of an object to be inspected according to the 5 present
invention. A large nunber of chips 2 whighwll be finally the products
identical to one another are arranged on a wafer 1. The pattern | ayout in
the inside ognbhe Ghi PSg? igncl udes, as shown in Fig. 1(b), an indirect
peripheral circuit 6 having a very rough 10 pattern, a nenory nat portion 3
in which menory cells &@ieg.twe- dismansichealk) of @gekankyranr apged at :
repetitive pitches of Px in the X direction and at repetitive pitches of
Py in the Y dekpdeioningaad s&cdindeaod ifddagtienalofecitheuifti rét mbdddimegta
sense anplifier, an 15 I/Ocircuit, a decorder circuit and the |ike, which
has apprOX|nﬁb@W9 ﬂﬁersne9pattern density as that of the nenory nmat
portion ang which is prOV|ded in the gerlphery of the menory mat portion.
The menory “mat portlon 39rs 18udehar sEnrBRpyigi itdugtiiorlevéey Bhowkngon 20

the division Line g t|t| nis limted to one direction). The direct
peri pher al ci PcGffoR lHFn ofottifoeEhodi pad: ithe SVE&EM S6Fi pher al

remory fat ports ec&“ﬁgrgpﬁtd&%% BniyoroRng FeGthecBranenss tananehgns

menory nat porti ,

Pt ve BrICh 1S Fhight 5 38 ATLSalalemutlphes batbrcisrg e
circuit) 4 inexpighnifhg taAe!ih! @Re WRLERG 8mBbEIRBht! Bflehe pattern
10 inspecting method and the system for use in msuch a
method according to the present invention, the shape of
a defect is faithfully extracted as the defect
candidate;
Fig. 15 is a schematic structural view showing
15 a third embodiment of the method and the system for
inspecting a pattern according to thé present invention;
Fig. 16 is a schematic structural view showing
a fourth embodiment of the method and the system for
inspecting a pattern according to the present invention;
20 and
Fig. 17 is a schematic structural view showing

a fifth embodiment of the method and the system for

inspecting a pattern according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
25 The preferred embodiments of the present
invention will hereinafter be described in detail with

reference to the accompanying drawings.



the Y direction of the nenory mat portion, is provided only in the X

s diréction and the repetitive pitch is nmfPx which is integral nultiples of
the repetitive pitch Px of the nenory cells. 5 In addition, the nenory mat
portions 3 and the direct peripheral cirgpits 4, 5 are subjected to the
grouping every 32 to 128 lines. Then, out of them since the pattern is

formed with a mni mum | img Wididhd¥fs £@édena? i IR o8l _ttl'x'éag)a(%'t%frpxm the
size of the fatal 10 defect is small, and the area in which any of the fine

def ects shoul dalyeutetodctzed enitdondudit crengifidviitry the Wi@q1IE B ¥ HEat portion
3 and the direct peripheral circuit 4, 5 Since the indirect peripheral
circuit of thasaudactouliay pracesse iar ea sem itdenduertory merorgolals @ 3 and
the 15 direct peripheral circuit 4, 5 has the thick line width, the size
“of the fatal @8bediment| afg@rambiesicdct the idepectedoescoatdimgedot ¢hee
necessari | ¥ detected with maxinumsensitivity. Next, the description wll
her ei nbel ow b®T 86N &Y RtPY-esfedRtc® tﬂﬁ?b@a’ﬁiotf icié psof2 M(ljnecrlnr ?&éﬁ

i nvention for, sugh an_object to be inspected. That is, according to e
present invenPFfo ,”‘fs‘grlyaJt iPGQdB‘(ﬁtrﬁ Tdpmpticederte oengnoshesacs® only one

ari son poi t there are prepared a plyrality of comparison
ggrﬁtSIZS 18258%a%%§ds%%jgc?§f%f donparics ﬁ%tgﬁﬁ ﬁﬁ@quﬁadé et HE8Sif8t i ce

PR [P he SErPRR et 2 e 2 UIBRR, SR AR ene o
the 14 indirect peripheral circuit 6 having a very rough

10 pattern, a memory mat portion’3 in which memory cells
are two-dimensionally regularly arranged at repetitive
pitches of Px in the X direction and at repetitive
pitches of Py in the Y direction, and a direct
peripheral circuit 4, 5, having a sense amplifier, an

15 I/0 circuit, a decorder circuit and the like, which has
approximately the same pattern density as that of the
memory mat portion and which is provided iﬁ the
periphery of the memory mat portion. The memory mat
portion 3 is further finely divided for every block (on

20 the division line, the repetition is limited to one
direction). The direct peripheral circuit consists of a
portion (Y direction direct peripheral circuit) in which
the repetion, which is present_in the X direction of the
memory mat portion, is provided only in the Y direction

25 and the repetitive pitch is n*Py which is integral
multiples of the repetitive pitch Py of the memory
cells, and a portion (X direction direct peripheral

circuit) 4 in which the repetition, which is present in



.
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conmparison points with an all owable value, then it is judged that the
pattern of the notice point is not the defect. For exanple, in the pattern
to be inspected shown in Fig. 2, in order to inspect the pattern of the 5
notice point 101 represented by the bl ack gynbol shown in Fig. 3, this
pattern is conpared with cross-like conparison points 102a, 102b, 102c and

102d each rephesenyedely idh @RERHSY MaRlordS nid tS PRIreGbn0f 1 sCRTRANIgS@AN, . €.
patterns located in the positions each 10 of which is integral multiples
(in the figurenlgninexaeplke difrettioh in@e%hes repewi)iok Phechept ixipke
pitch Q of the direct peripheral circuit in the Y direction, and
patterns | ocavBdchnishéngegirailomslédpl esf ofhithle irepeititégealpimeht Pl es (in
the figure, an exanple of +/- 1 15 tines is shown) of the repetitive pitch
Qx of the dir@&t thpePppREYacedilseuit in the X direction (first

conparisonk. In this conparison result, if the pattern of the notice point
101 matched the patternlBfadAyteRB, &het REMEsHpAALSBATfdPAEs3160d, the2b,

102c and 102d.wi.th,20 an_all owabl.e value, then it is judged that the
pattern of tﬁérﬁSFiBgrbgﬁﬁfaﬁgflf§uﬁéﬁ e dd8FE8cEUPABFAER tpathern). For

le, i 3 bg ., ik [ 3
having the rcBeoRerd CRECYr a2 TRBCLantna THePRoOVEUPRoERFBN ao.

havi ng the repefi hé “X FBm as shown

in Fig. 25 3, Lhet Ch &l ent ,.i.n_a of .t he . ar.i son
poi nt o 1023, o350 T05cPaRIeT0oa" FRERER,A: thaa B pBint ahdCyi BEDRE N 101
mat ches the paghelntsf orasma®lerotnhieoc8MpAli AR BOLAt §£1078. £103h, 102c

and s 10 defect is small, and the area in which any of the fine
defects should be detected with high sensitivity is the
memory mat portion 3 and the direct peripheral circuit
4, 5. Since the indirect peripheral circuit of the area
other than the area of the memory mat portion 3 and the
15 direct peripheral circuit 4, 5 has the thick line width,
the size of the fatal defect is large and hence the
defect does not need to be necessarily detected with
maximum sensitivity.
Next, the description will hereinbelow be
20 given with respect to the basic idea of the present
invention for such an object to be inspected. That is,
according to the present invention, for a notice point
101, there is not prepared only one comparison point 102
but there are prepared a plurality of comparison points
25 102 of the subjects of comparison, and the image of the
notice point 101 is compared with the images of these

compsrison points 102. Then, if the pattern of the

notice point matches the pattern of any one of the



G 1 15 102d, and hence the pattern of the notice point is judged to be

s the‘normal pattern. Then, if the defect is present in the notice point

101, then the pattern of the notice point 101 m snmatches the pattern of
any of the 5 conparison points 102a, 1Q2b,4 102c and 102d, and hence it can
be judged that the defect is present in the notice point 101. In addition,

as shown in Fie@mplrilsbn nRal LAtk 3% Wahlowabd P& alilenethed ;@S jihe direct
peripheral circuit 4, 5 having the repetition only in 10 one direction,

even if the dghdged sharesert pattaity @Fe thel nblhe cOmRANItSQR RRItNtHel02a,
102b, 102c and 102d, then the pattern of the notice point 101 matches the
pattern of adgferé.of Folre exammler,i sonthei pattd@datol®abintpetead 102d
and hence the gatte(n of the notice point 101 is 15 judged to be the nornal
pattern. ThenShp¥nt h@ daBect2,i §n prdeentoi anspechotheepptitetrnlof, theen t he
pattern of cthe notice point 101 m smatches the patterns of the conparison
poi nts 102a aR@t168pPoiRd 30do rers esentedn byt thehblacki sgmpeilnshd®th al so

m smat ches not Ly the .patterns of the conparison points_102c and 102d.
As a result,gg?kééﬁ gé %8&8e8a$ﬁ§fntﬁé gemparefds wptBsexesenlikBe notice

point 101, angoupastERn’ BOLRTRT A03R T Re: M0 ar: 1958 Rabbhes the
ot ce point 108 Res e BXnanlSpRsskHEEIZas 4 R Rt s ob e ' OF “the | mmges
of the conpar¢smpaPesBhy 108¢,2Bdtterns located in the positions each
10 of which is integral multiples (in the figure, an
example of +/- 1 times is shown) of the repetitive pitch
Qy of the direct peripheral circuit in the Y direction,
and patterns located in the positions each of which is
integral multiples (in the figure, an example of +/- 1
15 times is shown) of the repetitive pitch Qx of the direct
peripheral circuit in the X direction (first
comparison). In this comparison result, if the pattern
of the notice point 101 matches the pattern of any one
of the comparison points 102a, 102b, 102c and 102d with
20 an allowable value, then it is judged that the pattern
of the notice point 102 is not the defect (normal
pattern). For example, in the pattern to be inspected
like the memory mat portion 3 having the repetition in
the X direction and in the Y direction as shown in Fig.
25. 3, even if the defect is present in any one of the
comparison points 102a, 102b, 102c and 102d, then the
pattern of the notice point 101 matches the pattern of

any one of the comparison points 102a, 102b, 102c angd



0,

102d, it can not be judged that the defect is present in.~t - 16 the
nottce point 101. That is, there can be considered the case where the
shape of the detected defect varies. Then, the defect can be detected
whil e maintaining the shape of the defecisas much as possible by carrying
out 5 the selection of the conparison results in accordance wth the

cal cul ation reagud,s aeid Head@itHY MR ARG TESE the HJWEBIY poiWtt N espect to
the nenory mat portion 3 and the direct peripheral circuit 4, 5 as shown

in Fig. 4, thdudgess teomeantimseomdorsie date ecome®n,1Q Pass [@eF ottt Haut
setting the inspection area except for places 9, such as the corners each
havi ng t he twpréiseafsiiondhe aydtiice oo ipdt t1dln, téeoh tdfe wittle rmasMahe
repetition and each of which is represented by the heavy line. Wile the
di f ference oc®@tscen Poi@ tplldde misipatt cie s1 3 hehgaddrerer ofhanyngfnahe

repetitiong the place where the difference occurs is cormon to the chips.
Helr[:ce, theSe CHMRASL SN POdRSE P2t H0%he AP@ch@ndydidAden ande hemices,  and

th .tiqns are .eljm.nated, .there enabling these areas to be
el uded. | on e S8R BE HRAFED BES5 ther Gt echads ARS At Adr SAéo i n any of

hence can be Pecagn PSATts ARG areACTHTADI: BoPRG  end) B3Gd. S LRdi 11 on.

hence can be recogni as the de

criterion of S eLPaTSRTy 57 etageny SuArERR ey s et tPsEnat  on

peripheral circuit 4, 5 having the repetition only in

10 one direction, even if the defect is present in any one
of the comparison points 102a, 102b, 102c and 102d, then
the pattern of the notice point 101 matches the pattern
of any one of the comparison points 102a, 102b, 102c and
102d and hence the pattern of the notice point 101 is

15 Jjudged to be the normal pattern. Then, if the defect is
present in the notice point 101, then the pattern of the
notice point 101 mismatches the patterns of the
comparison points 102a and 102b, and also the pattern of
the notice point 101 also mismatches normally the

20 patterns of the comparison points 102c and 102d. As a
result, it can be judged that the defect is present in
the notice point 101. However, in the case where the
defect is present in the notice point 101, and also the
pattern of the notice point 101 matches the patterns of

25 the comparison points 102c and 102d since the image of
the notiée point 101 has the same variable density level
as that of the images of the comparison points 102c and

102d, it can not be judged that the defect is present in



O

relating to the matching degree is outputted in accordance with the
neceéssity. This reason is that for $ a 17 the actual wafer, since the
aligner for formng a pattern is used near the critical resolution, the
fine difference (slightly smaller than_Gid umin the current exposure
techni que) occurs in the pattern shape 5 depending on existence and

non- exi st ence tofe adtaldeigbiaft 1€, adimaents PAUHd QN -cdd 641%09%%%&’% e the
size of the defect to be detected is substantlally equal to or smaller

than that sizehet ase ivhdrle s stigd tof thal dedtdd@diActifnes.
sensitivity is not reduced in the end 10 p0|nt_of the repetition in which
there is no pdteern tihe tdef eadj amemtbepaidtiearted hits reesnal itng dim ite thal se
report in which the normal portion is judged to be the defect. Wen

enpl oyi ng t he Shépa ofr ither idefeathas micle aseposts ible foiyl Ica thrgrielgy cute
criterion %nd hence is unstable. 15 Then, there is supposed the case where
that flase repBet SeRRFtion ol dhe SamRaAnisan diasulits din @eccaddnoence t her e

is the possibility that the false report may. not be excluded through the
second conpar I §5&‘ = clah'l arte‘%"orfe%"‘r}tt%é’fsé@@n&‘a&&r% &% S&9reehe

20 which i.f th rn tchln IS obt |ned within the
g{ﬁgﬁzgiggrgzgeoof {ﬁe I rst%E%HB§$|¥3 B EESPESE {thef etﬂgmﬁéﬂtgﬁﬁ.of .
interest is ngg ﬁqggeg %%dbgh%ﬂ%lQ%%éféerf%h rrledr&#ﬁﬁfﬁér he criterion

of the defect™judgenent ese i'nBEl ow be
shown in Fig. 4, the cross comparison inspection becomes

10 possible without setting the inspection area except for
places 9, such as the corners each having the two-
dimensional repetitive pattern, each of which has no
repetitién and each of which is represented by the heavy
line. While ﬁhe difference occurs in the place, such as

15 the corner, having no repetition, the place where the
difference occurs is common to the chips. Hence, these
places are compared with one another between the chips,
and the corner portions are eliﬁinated, thereby enabling
thesé areas to be excluded. On the other hand, the

20 defect causes the differénce in any of the two-stage
comparison inspection (second comparison inspection),
and.hence can be recognized as the defect without being
excluded.

In addition, in the above-mentioned

25 comparison, the comparison employing the criterion of a
plurality of stages is carried out, or the information
relating to the matching degree is outputted in

accordance with the necessity. This reason is that for



described in detail with reference to Fig. 3, and Figs. 5 to 8. The

4 pattern (digital inmge signals) of the notice point 101 is conpared with
the patterns (digital 9 a 18 inmage signals) of the conparison points 102a,
102b, 102c¢ and 102d each of which is at g fixed distance fromthe notice
point 101. In the inside of the portion in which the two-dinensional fixed

repetition istektdictedl1awaFehoWl dde RiHg a@igtn*é‘ar Rt %ro'}mqfnsgt he notice

point 101 matches all the patterns of the conparison points each of which
is at a fixedpditseancd sf nemd heatotinee qiditiicall@bscAnd iANC Hel Fi$ N0t

judged to be the defect. In other words, if any defect is present in the
pattern of 10dtliéenenicee (pdilghtl@l smaidrer tthiah detleqgired nt hale e rep@tt ern
of the notice point 101 mismatches all the patterns of the conparison
poi nts 102a, EHPRSUTIE2EeshdriquEAd ocmud shémc ¢ hieh@apdietrar shafpet he noti ce
poi nt 101 gan be j.udged to he the defect. 15 In the peripheral portion
cor r espondi’ng AEBEPAE NIs Ple EFf StigE S50 NGO ROMAEXAG tERS et W6- Ai Pansiesnabff i xed
SP 9 s ! :
repetition as éhog@.ln Fig. 5,..if all_ the patterns of the conparison
poi nts 102a, IB5b2CIB5E EnROTG38 eack Notthensass hese &bei sdgedpst shee from
the pattern o 2Q _naqt i iLnt, 101 are the.nqormal portions, then the
attern of thée%g?chopg%n?%f%%tﬁgt&ﬁe§uéPFaPEéa av't EANEL 5P PRe conpari son
p'tloztggg d,h h f . th ti ' 101 i t
point s 102a tend92dr 2ANEAGE LAGe PRLEFENQ! (HBO BALLES,ROLNE 10T 18 MO
judged to be the “defect. In ot%ere%o? %?elﬁgaﬁbedEPééf%ﬁél YeSBAE in the
when the detection sensitivity is not reduced in the end
10 point of the repetition in which there is no pattern in
the adjacent portion, this results in the false report
in which the normal portion is judged to be the defect.
When employing the usual criterion, that false report
fulfills barely the criterion and hence is unstable.
15 Then, there is supposed the case where that flase report
may not occur commonly to all the chips, and hence there
is the possibility that the false report may not be
excluded through the second comparison. For this
reason, in the second comparison, the processing in
20 which if the pattern matching is obtained within the
allowable range of the first comparison results, then
the pattern of interest is not judged to be the defect
is carried out for the criterion of the defect
judgement.
25 These defect judgement will hereinbelow be
described in detail with reference to Fig. 3, and Figs.

5 to 8. The pattern (digital image signals) of the

notice point 101 is compared with the patterns (digital



25 pattern of the notice point 101, then it is detected that the pattern
3 of the notice point 101 m smatches all the patterns of the conparison

poi nts 102a, 102b, 102c and 102d, and hence the pattern of the notice

point 101 - 19 can be judged to be the_dgfect. But, since the pattern of

t he conparison point 102c is located in the end of repetition, the size

thereof is finelagedidifarand) fdonnd hasmir 1 Rt itard 19524 he a8, ag Rei nt

101. For this 5 reason, in the conparison of the pattern of the notice

poi nt 101 wi t lanidhd Opal teardh @ff tre CIOMRAId S QN MiGidd dLiGAGnce V&b frHde
pattern of the conparison point 102c is the normal portion, then a certain
degree of t he nditfifcer @odent dddur s.In rthehel renindEard £ ahedfpddid qratitre h i¢hh t he
notice 10 point 101 with the pattern of the conparison point 102a as well
"as the conparit$&n taoHaanaianal Fixat mapdtdd iqoiist ok iwiech dshe pattern
of the congarison pai nt_102bh, since each of the conparison points 102a and
102b is not’ FECHedn FitGre Indhs Rateaepafi thhen natficeageiott 198 15

patterns of the,c ari.so oints 102a gnd 102b is the nornmal portion,
then it is exB‘@étcg‘gpst Rt (e RatREIRS cﬂ“afn thfe GIRSELSSBN BYintiss eBTha and

o e oS BTN 5 AP, A RIS 0
noL ce oLt 488 e Al e PRl Ui e et g B0 e 1022
all the pattetherobolrlie ,Camays e RN %9%%e%ﬁdi%o%%ea%%t%@%n of

10 the notice point 101, then it is detected that the
pattern of the notice point 101 mismatches all the
patterns of the comparison points 102a, 102b, 102c and
102d, and hence the pattern of the notice point 101 can
be judged to be the defect.

15 In the peripheral portion corresponding to the
side of the portion having the two-dimensional fixed
repetition as shown in Fig. 5, if all the patterns of
the comparison points 102a, 102b, 102c and 102d each of
which is at a fixed distance from the pattern of the

20 notice point 101 are the normal portions, then the
pattern of the notice point 101 matches all the patterns
of the comparison points 102a to 1024, and hence the
pattern of the notice point 101 is not judged to be the
defect. 1In other words, if any defect is present in the

25 pattern of the notice point 101, then it is detected
that the pattern of the notice point 101 mismatches alil
the patterns of the comparison points 102a, 102b, 102c

and 102d, and hence the pattern of the notice point 101



25 normal portions. In the end of the one-dinensional fixed repetition as
€ shown in Fig. 7, the pattern of the notice point 101 matches the pattern

of the conparison point 102a which is at a fixed distance fromthe notice
t ~"v.d 20 point 101 if the pattern of_thg conparison point 102a is the

normal portion. But, since the pattern of the conparison point 102a is

located in theanbofjidged repaid tinm, addecs] zesdderea{cd scid el e slif ferent
fromS5 that of the notice point 101. For this reason, in the “conparison of
the pattern ofoft ithenatonga o ddilntiIdec tie pddwsd of dhe sy i son
poi nt 102a, even if the pattern of the conparison point 102a is the nornal
portion, then repsdritsion degreees ofe tttee thdf erentimelge Wit ferdhd re ddie
conparison of the pattern of the notice point 101 with the pattern of the
conpari son poithati®fc tde \mattemn Qﬁﬁtlt?rnmﬂm)rgmn‘ntt hld)lp?t algrzn; td‘fl_ﬂngg

noti ce poi 101 with the pattern of the conparison poin , S

each of pt hg‘t c S ot Thdiltft COMPRT 1GRP P dhes pafitemn |afcdihe) ot tdee end of

102d 5 the  BEPR HBofit AN S G S TAT A SR K025 the
Gescri bod above} A bat S0 TRE T 1E 08 PR K0 RS e 446 X MRVl onal
repetition, amgri@ YPadidENEifla f&Ald i Qﬂed’i@ec%f JENS é{efef%r%%scceri bed
with reference to Fig. 3, and Figs.
occurs. In the comparison of the pattern of the notice
10 point 101 with the pattern of the comparison point.102a
as well as the comparison of the pattern of the notice
point 101 with the pattern of the comparison point 102b,
since each of the comparison pdints 102a and 102b is not
located in the end of the repetition, if each of the
15 patterns of the comparison points 102a and 102b is the
normal portion, then it is expected that the patterns of
the comparison points 102a and 102b are perfectly
identical to each other.
In the portion having the one-dimensional
20 fixed repetition as shown in Fig. 6, the pattern of the
notice point 101 matches all the patterns of the
comparison points 102a and 102b each of which is at a
fixed distance from the notice point 101 if all the
patterns of the comparison points 102a and 102b are the
25 normal portions. 1In the end of the one—dimehsional
fixed repetition as shown in Fig. 7, the pattern of the
notice point 101 matches the pattern of the comparison

point 102a which ia at a fixed distance from the notice



Sto 7, in any case, the defect portion which is present in the notice
point 101 becones the defect candidate, 25 and the normal portion does not
become the defect candidate at all. On the other hand, in the corner
portion or the isolated point of the twopglinensional fixed 21 repetitive
portion as shown in Fig. 8 the pattern of the notice point 101 m smatches

al | the pattergesmf 1tdhe i fCamADdaae P S hHDZ2mpHabonl Q26 And ok2d each
of which is at a fixed distance fromthe notice point 101 5 even iIf al

the patterns dahet e roipard3domoi Bk ,1®mhcd ank02 tafea rf e nareal

portions, and hence the patterns of the conparison points 102a to 102d
becone t he defcompardsedi gatied. ITPes e sdafcrcit erhridi ddee ey @ fSWjeect ed to t he
10 second conparisaon inspection. In the second conparison inspection, the
def ect s whi ch T§R¢& itHOonwakh edefies tdwmrdiafatie ddovediynatics eretnie g drhe _
different ¢hips in the coordinate systemhaving the origin wthin the chip
as the re%eréi‘@é’r &fd the etdre meidegrldds offarhéhist treasors rat ¢hieng mat ch

one another within the all bl e range are exculded as the false defects.
As a result, thEPAESFrE O(J;(r)vt\!‘?ﬁe H?&I%t”e(ﬁp&ihrﬁ NGt iGfe POEtdiLdn siidhal

def oct can be hot PASTEAR 30 bbby sBaas D 2ene ¥edord cBifoar i son-
be- oxcul ded byt e eosearreon uEEh oy Point?iBA% Bk Re hae e MY

portion, then a certain degree of the difference occurs.

10 In the comparison of the pattern of the notice point 101
with the pattern of the comparison point 102¢ as well as
the comparison of the pattern of the notice point 101
with the pattern of the comparison point 102d, since
each of the comparison points 102¢c and 1024 is not

15 1located in the end of the repetition, if each of the
patterns of the comparison points 102c and 102d is the
normal portion, then it is expected that the patterns of
the comparison points 102c¢ and 1024 are perfectly
identical to each other. As described above, in both

20 the inside and the side of the two-dimensional
repetition, and the one-dimensional repetition which
have been described with reference to Fig. 3, and Figs.
5 to 7, in any case, the defect portion which is present
in the notice point 101 becomes the defect candidate,

25 and the normal portion does not become the defect
candidate at all.

On the other hand, in the corner portion or

the isolated point of the two-dimensional fixed



information, which is previously obtained, of the place having no
repetition. 25 As described above, the X direction direct peripheral
circuit 4 is repeatedly fornmed only in the X direction at repetitive
pitches which are integral multiples (ng?)_of the repetitive pitch of the
menory O 8 22 cells, and also the Y direction direct peripheral <circuit 5

i dl ; |0 & Y. di i repetitiv i 1 ches which
:';er ?ﬁ?ggfal ynrrjﬂﬁldcelgm %bné%yl)&gfasf ﬂéel{%eﬁtl:i‘f\jée' pB?'t %ﬂ%fpﬁ%tgertn%rﬁ)ef?y cells.
5 Therefore, hheemBtidpditer almy aniEwHd e LI10She GUPA I ROLr ¢

conparison inspection can be comonly carried out wth respect to the
menory mat porddngrard sord pdivet i yexd, peolpherdde ddduid2dtearh I dental |y,
the repetitive pitches (Px, Py) of the nmenory cells are 10 changed in
accordance wi thiidie id mt &f Sieredahiditcirore fvadrertHd heotiiow pfinempyly) from
whi ch the sem conductor nenories as the objects to be inspected wll be
manuf act ur €d. €Medy fforad 1 ithe Datecrrysargf tthe eomge tileon dicsitratrcd d2zom t he
notice point 101 tg each of. the above 15 nentioned cross-|ike conparison
poi nts 102a, f&2802fbAre dhe J!G?'d‘.‘allw,n%rh@ffdatflﬂncﬁ} _rtéled&iaéﬁehrtrtse Si Ize
f whichis e L to or smaller than half the minimumline w equa
'?o or smaller ﬁ}ﬁ’e&c"?%rl&ﬂ? ROt 8R4 34 qiecaesitheyidafadtt hout
setting the i@g%§yéarééx)afeas with respect to the nenory mat portion 3
and the direct peripherial circuit 4, 5.

These defect candidates are subjected to the

10 second comparison inspection. In the second comparison
inspection, the defects which have the same defect
candidate coordinates between the different chips in the
coordinate system having the origin within the chip as
the reference and in which the degrees of the pattern

15 matching match one another within the allowable range
are exculded as the false defects. As a result, the
corner or the isolated point of the two-dimensional
fixed repetitive portion shown in Fig. 8 is excluded so
that only the true defect can be extracted.

20 In addition, instead of the second comparison

inspection, the false defects such as the isolated point

and the like may be exculded by the comparison with the

information, which is previously obtained, of the place

having no repetition.

25 As described above, the X direction direct
peripheral circuit 4 is repeatedly formed only in the X

direction at repetitive pitches which are integral

multiples (m*Px) of the repetitive Pitch of the memory



The information relating to the detected defect is displayed on the

di spl ay means such as a display and also transnmitted to other processor
such as 25 a conputer which manages the whol e process through the
comuni cation line such as the LAN (LocalaArea Network), and is used as
the data for use in nmanaging the process ro 23 in conbination with the

data from ot hefelilzspesid AN sSWHen and ddi8 dif AT Yl iPdia1 A first
enbodi ment of the nmethod and system for inspecting a pattern according to

the present 5dimeritti Gn is |dedeertaidiaf tforial desier ithed e th gieferaree  to
Fig. 9. Fig. 9 shows the construction of a first embodinent of a pattern

i nspection syé@ttemePritd tjatet grirt chiass paditdiora rsy sitrragradondi g fle st he -pr esent
invention includes: electronic optical detection nmeans 11 for 10 detecting
the physical pgRdgent plofthe gamedrit isfe pitetherof thes memaoly ewtllisa be

i nspect ed the Y direction scanning; a stage 12 for noving the wafer 1
inthe X d r d8EE&EEEE f AYmEPRIRY- (ﬁhﬂvﬁﬂﬂﬁﬁﬁlqgﬁd C@®er si on means
13 for converting_a.two-dinensional 15 pattern inage S|&pal whi ch has been

detected by tfé" 8_535&3’0&%&%“%’1 _ Weﬂitﬁ&?silc??ameqicg’i“@?n;gtng?ﬁw .
A e R R R e e S A
through the %geA/d@r@grfzvg;esfi(i%e%f@qf%/u)fztg&}n,V%r.S'%%cq%%%%a&%y,f e fixed
i me period; storage neans (I nmage nmenory ,
repetitive pitches (Px, Py) of the memory cells are
- 10 changed in accordance with the kind of semiconductor
wafer (the kind of memory) from which the semiconductor
memories as the objects to be inspected will be
manufactured. Therefore, it is necessary to change the
distance from the notice point 101 to each of. the above-
15 mentioned cross-like comparison points 102a, 102b, 102c
and 102d. However, the fatal fine defect the size of
which is equal to or smaller than half the minimum line
width (equal to or smaller than 0.3 um) can be detected
with high sensitivity without setting the inspection
20 areas with respect to the memory mat portion 3 and the
direct peripheral circuit 4, 5.
The information relating to the detected
defect is displayed'on the display means such as a
display and also transmitted to other processor such as
25 a computer which manages the whole process through the

communication line such as the LAN (Local Area Network),

and is used as the data for use in managing the process



oy,

which is conprised of a two-di mensional shift register for exanple, for
std?ing therein the two-di nensional imge 14 obtained through the A/D
conversion by the A/D 25 conversion neans 13 over a predeterm ned

~two-di nensional scanning area; selectiongeans 19 for selectively

fetching a plurality of imges 18a, 18b, 18c and 18d at distances of Dx
and Dy, in thamesnbivr widelian @ ddt £ Zbn e diedatd et didection,

which are integral multiples of the X direction repetitive pitch  and
the Y directi eystespand ithe prodesy a¥ndha 1dim.ect peripheral circuit 4,

5, fromthe inmages stored in the storage neans 17; 5 difference inmge
extracting units (differefdestmegboddnteractifngheearshod?and?3ystdac and 22d
for conparing an image 15 with images, 18a, 18b, 18c and 18d,

respectivel y, fod duspeat idid faematde inmegeorliag 2th th2l preseht21d which are
used to exg{act exi stence and non 10 existence of differences therebetween,;
a defect CandPy&nd 108 wWadt My rfding ft@st det desmdiidede wirtiy aetfiergnaseans)
24a for calculating a_defect cagndidate imge on the basis of the
difference i mgﬁeglgla,g '215',1921% SPvs the Fonsdrucs igramti @y fdtstact i ng

unit (feature it xtracting means) .26 for extracting feature
quantities 25egng)8ﬁqgis%%tth>éf§ orp(?iccr%"gt 1EPEH PR SYSHRGWi nd hehPadE€FMence

et eot cand, SRes remoevsten REETHITY 35 M Bretent 3% Eiercning (2
difference 62iRetweeR:t ke e rioMIe optical detection means 11 for

10 detecting the physical property of a pattern of a wafer
1 as an object to be inspected by the Y direction
scanning; a stage 12 for moving the wafer 1 in the X
direction to form a two-dimensional image; A/D
conversion means 13 for converting'a two-dimensional

15 pattern image signal which has been detected by the
detection means 11 into two-dimensional digital image
signals; a delay circuit 16 for obtaining an image 15
which is obtained bt delaying the two-dimensional
digital image 14, which has been obtained through the

20 A/D conversion by the A/D conversion means 13, for -a
fixed time period; storage means (image memory) 17,
which is comprised of a two-dimensional shift register
for example, for storing therein the two-dimensional
image 14 obtained through the A/D conversion by the A/D

25 conversion means 13 over a predetermined two-dimensional
scanning area; selection means 19 for selectively
fetching a plurality of images 18a, 18b, 18c and 184 at

distances of Dx and Dy, in the positive direction and in



density val ues based on the m smatching of the variable density indicated
by the slash area in Fig. 10(e) based on the difference between the

vari abl e density values showing a solid shape of the defect, an area S 25
(indicated by the slash area in Fig. 10(b)) of the defect show ng the

t wo- di nensi onal defect size, and the projection length Lx in the X

OLr ECLy on and chiee ncfatiiaed (@it dc RN Whidh iR, ¥rilldatal it el © U

thi
25 extracting unit "(defect extracting neans éx racting a true
defect on thethasixs dafr eldtd drealeed 1 tAUAN il @S 035 an@n 4 HEeRe Al LANYH0! N t

28 including output neans such as a recording nedium a printer, 5 display
nmeans or the kriepetfiadveomtitahl iQyg dfhehev dialdet pestipRerEhe cagnrenal 4contro
~unit 28 outputs the information relating to the extracted defects, as an
out put 30, toS5théroonmtine dakigers meared iot tdleowtporakecimdantsalllzy, in order
to align the wafer 1 as 10 the object to be inspected with which the stage
12 is | oadedddfERIERECOiMagR extiracsii nghandéiseddidfereace iiaget he
al ignment marks for exposure which are formed in at |east three positions
in the peri phEFYT8FEERE MEREE )1 228me 22Pag@d oRngh 236t £oal compesiogpenand
are converted.% In an. L mage si gnal by ot Qel ectri ¢ _conversi on neans.
Then, the posi ?8ﬁs&§fwfﬁé ﬁ%?@&salﬁ&ﬁﬁeﬁggﬁa BS 2Pd 188 cul ated on the
basi s of the Fgg L gyant.i f t? stage of _the g'spla ment gauge
or the |aser engtﬁggggg tﬁr:éﬁgte é%ﬁ%é A %ﬁ&&&anlPﬁ89§t 38/ gﬁg'oﬁthe
basi s and 214 which are used to extract existence and non-
10 existence of differences therebetween; a defect
candidate extracting unit (defect candidate extracting
means) 24a for calculating a defect candidate image on
the basis of the difference images 2la, 21b, 2lc and
21d; a feature quantity extracting unit (feature
15 quantity extracting means) 26 for extracting feature
quantities 25 such as the coordinates of a defect
showing the occurence positional information of the
defect relating to the defect candidate from a defect
candidate image 23, the degree of the pattern
20 mismatching (a difference 62 between the variable
density values based on the mismatching of the variable
density indicated by the slash area in Fig. 10(e) based
on the difference between the variable density values
showing a solid shape of the defect, an area S
25 (indicated by the slash area in Fig. 10(b)) of the
defect showing the two-dimensional defect size, and the

projection length Lx in the X direction and the

projection length Ly in the Y direction; a defect



20 of the positional coordinates of the three alignment .narks thus _
{ caltulated, the wafer 1 is aligned with the optical axis of the detection
nmeans 11 with accuracy of equal to or smaller than 10 um w thin one cel
with respect to the X direction, the Y digection and the 25 rotational (8)
direction. Since with respect to the rotational direction, the alignnent

s carried outeWidbEGRHINAM Ofd SRR &0 Y SIRY IiidaddiamAG d4m wi thin one

cell in the outer periphery of the wafer, in the cross 26 conparison, the

posi tional dewsainaut ivef weair ddhald f@deon et e A Geaklife
above-nentioned el ectronic optical detection neans 11 includes, for

exanpl e: an el@entdties Eamaulirgenddal farnterdl tilig @8 &matydimdean a
beam defl ector |lc for scanning the electron beamenitted fromthe

el ectron beamoddipude Means ¢ustt & s arr éqmgkingamedihjrectd \per iiretes || I b for
focusing the el ectron beamon the surface of the wafer as the object to be
i nspect ed Wi t KisRay meansdigmtthe lotke faxr tqord: o lirngart Hex B mh flor
col l ecting the s%pondar el ectrons generated fromthe wafer to a secondary

el ectron det eG¥S58Mb; q‘&e&era&oﬁqqt&@%dﬁ#tolz%rﬂutﬁw té”rﬂ)vml) I ;or s
djusting the. f osi ti an et ween hei ght detection sensor an
?hjeuzbj! ggt i vg llnef%?r{altb'O%anrcf%ftsl@z?nm%%gt 0 ’%tfla"&rﬁd( dzechﬁCtss'hd?\ﬁn)anf or

urrent of t he APaRt e Kearies OIS nedi T SHRRN e det ect ed
picture el ement size isIb@iﬁQ%t%@ﬂ@% qf %T%eEOt%'%§i§%'%ﬂetQ%fer 1l as
10 the object to be inspected with which the stage 12 is
loaded with the optical axis of the detection means 11,
the alignment marks for exposure which are formed in at
least three positions in the periphery of the wafer 1
are imaged by an optical microscope and are converted
15 into an image signal by photoelectric conversion means.
Then, the positions of the three alignment marks are
calculated on the.basis of the displaéement quantity of
the stage of the displacement gauge or the laser length
measuring device included in the stage, and on the basis
20 of the positional coordinates of the three alignment
marks thus calculated, the wafer 1 is aligned with the
optical axis of the detection means 11 with accuracy of
equal to or smallef than 10 um within one cell with
respect to the X direction, the Y direction and the
25 rotational (6) direction. Since with respect to the
rotational direction, the alignment is carried out with

accuracy of equal to or smaller than 10 um within one

cell in the outer périphery of the wafer, in the cross



20 object to be inspected, and the acceleration voltage to the object to
be 1 nspected is 0.3kV. The detected picture elenent size needs to be set
to a value equal to or smaller than half the line width of the pattern of
the object to be inspected. 25 Incidentaljy,_the above-nentioned el ectronic
optical detection nmeans 11 nay be optical 1nmage detecting neans. In the

case of this oRngdiddMINY pdlEEGdg dRAL i%h ‘F%ﬂwe(?’ﬂ't Lt*ehrefeﬁ to the

detected picturé elenent size, the foregoing Is a e 0. en,

the pattern obeldemesafmigllidibiscanned in the positive X direction while

bei ng scanned with a 5 predeterm ned scanning width in the Y direction from
the left-hand side in HEhg addve-mermanipnedseletatrcdnie ope-cdilmensi onal

i mge signal is detected by the electronic optical detection nmeans 11 and
then i s convefgd@atiton meensdildi timicliudeye Fianaxanpl e:hanAedextmesy si on
means 10 13. Then, the nabove-nentioned delay circuit 16 delays the

di gi tal i magefeGTt FAUER iridmbdre il tdayoy @rsiedectrman deB® if @r beafti xed ti me

ot i ce poi nt 36T LeRERY A PR RERTURS o aiessT dmBE @ iGtated | n 15
e above: Moniied sl 91306 MRt ) TS AT L TR S0 lle e e
20 2 ¢ | RTS8 el L LSS o
conversion megngthde UFe tHelilaFer MIRHY doiRct to be inspected with '
10 a beam diameter of 0.02 to 0.2 um; an ExB 11d for
collecting the secondary electrons generated from the
wafer to a secondary electron detector 1llb; a focal
position control unit (not shown) for adjusting the
focal position between a height detection sensor 11f and
15 the objective lens 1llb; and a scanning control unit (not
shown) for controlling the beam deflector llc to realize
the beam scanning. The current of the electron beam is
in the range of 10 to 200nA, the detected picture
element size is in the range of 0.2 to 0.05 um on the
20 object to be inspected, and the acceleration voltage to
the object to be inspected is 0.3kV. The detected
picture element size needs to be set to a value equal to
or smaller than half the line width of the pattern of
the object to be inspected.
25 Incidentally, the above—méntioned electronic

optical detection means 11 may be optical image

detecting means. 1In the case of this optical image



”

notice point 101 is outputted fromthe delay circuit 16. As a result, the
didital images with respect to the predetermni ned two-dinmensional scanning
area till the point X shown in Fig. 3 are stored in the storage neans 25

17 on the basis of a reference address sigpal 34 obtained fromthe genera
control unit 28. Therefore, since the scanning quantity between the point

X and the nodetedRAind mearNAKRMAM Valits RsdRe eRehald Yot d i -
28 selection neans 19, on the basis of the deSired pitches E& and Dy
which are sel pdicetire elaeeotdarice WidHe MotegdiMOiEREDY] 138 ¢helrgovafer 1
I nputted fromthe general control unit 28, fromthe group of pitches Dx
and Dy 5 which are set iThenhe thesipd¢tefrnt ba gaeewalfecont iel s¢@nhed28nwit h
different values for a plurality kind of wafers 1, the addresses of the
conpari son pothesPPeigive0Xp dirkegid canahil2d beiiny sespeed wdthhe address of
the notice. point 101 are specified to the nenmory neans 17, and the 10
digital indgePEEGREREITNEChSCEANIAG 361 thoilm $he0Xa d1iregas onl Zomaniiel02d
are outputted.fr t he st.qr age neans é]. I nci dentally, the kind -
i nf or mati on o%efﬁéhﬁ€%eFl%e ﬁ&yFHQ'dﬁr Qr FXampder 8@ thathdéhged®@oal control
unit 28 using.:i : n uch as a.keybaard,  or gg I nputted 15 by
reading a sy 6h28§38 a?aéﬁ%ﬁ? 518034 ¢ %ﬁéeFFﬁg %&%ﬁ & BdeCSERBACon t he
wafer 1 in ordek;t-q;" gRLES€ALA B i t h f.er 1. These units and
el enent s opera?e as follows in %Pgérﬂgo%%ngéegﬁﬁstﬁ@nyﬁ§38§t3859 That is,
the pattern the digital image signals by the A/D conversion means
10 13. Then, the mabove-mentioned delay circuit 16 delays
the digital images outputted from £he A/D conversion
means 13 for a fixed time period until all the digital
images of the four points including the notice point as
a subject of the cross comparison have been stored in
15 the above-mentioned storage means (image memory) 17.
That is, the above-mentioned delay circuit 16 delays the
scanning quantity between the point X and the notice
point so that at the time when the digital image signals
of the point X shown in Fig. 3 have been outputted from
20 the A/D conversion means 13, the digital image of the
notice point 101 is outputted from the delay circuit 1s6.
As a result, the digital images with respect to the
~ bredetermined two-dimensional scanning area till the
point X shown in Fig. 3 are stored in the storage means
25 17 on the basis of a reference address signal 34
obtained from the general control unit 28. Therefore,

since the scanning quantity between the point X and the

notice point is the known value, by the operation of the



20 of the wafer 1 is detected as the two-dinensional inmage signal by the
det'ecti on neans 11 synchronously with the scanning for the stage 12, and
then is converted into the digital image signals by the A/D conversion
unit 13, whereby both the digital inmge g%gnals 14 and the 25 digital

i mage signals 15 of the notice point 101 ich have been obtained by

del ayi ng the @ieielctli Iy AR Sn khd Yadihe Jd (Y;%%t td'te{]ggl r%%rwqucch&e

digital image signals 14 which have been obtai ne sane tine are d

29 successi veky andongd whildme re Mg tRBNS nl GA6Hddme JAredgtigign ned
scanning area. Therefore, the digital inmage signals which are already

stored in theisforageiomedss of/ tHeowadffer [Ir ddgherted € cac AN R rRIrea
include 5 therein both the digital image signals 15 of the notice point
101 whi ch haveobéee lomnditne@® ,yf ridre thhel gyrowgnaft Ipd totiegi D&l anda@y Si gnal s
of the conparisgon points 102a and 102b which are, in ternms of the'
coor di nat 215%? Hhiche adies S@tc & "Dt hec dmysdsiso di rtgiet_@eD)ermlcthMr;ellemmltﬁs) in
10 the positi X.diregtion and in the negative X direction romthe
digital i mage\égi &ﬁgh’s%f§f(?fr efte VRdiieSe 5081 /it PLEGR Lakive Ik imde chelwéyf@d.ﬁ The
addresses of the rison poi 102a __and 102b with respect to the
addr ess of thg’ngﬁggg%g Fﬁﬁesl§%i3 eaﬁ?“ﬂi&ﬁﬁqneﬁoﬁﬁch&Ogﬁori@ngEﬁns 17
on the basis h it S a whi_.ch have .been selecte .the
sel ection nea%EZ%Q?n?nlg??oyggﬁbg%ﬁg%ﬁttﬁ% Pﬁdad%ﬁFEPwﬁgi%%93§° f£ C€he
wafer 1 outpupbedtl 18T bRe 83R%i¥ied to the memory means 17, and the
10 digital image signals of the comparison points 102a,
102b, 102c and 102d are outputted from the storage means
17. Incidentally, the kind information of the wafer 1
may be directly inputted to the general control unit 28
using input means such as a keyboard, or may be inputted
15 by reading a symbol, a character, a code or the like
which is formed on the wafer 1 in order to represent the

kind of the wafer 1.
Theée units and elements operate as follows in

order to carry out the inspection. That is, the pattern
20 of the wafer 1 is detected as the two-dimensional image
signal by the detection means 11 synchronously with the
scanning for the stage 12, and theh is converted into
the digital image signals by the A/D conversion unit 13,
whereby both the digital image signals 14 and the
25 digital image signals 15 of the notice point 101 which

have been obtained by delaying the digital image signals

14 for the fixed time period. The digital image signals

14 which have been obtained at the same time are



control unit 28, fromthe various kinds of pitches Dx 20 and Dy which are
previously set in the inside of the general control unit 28, whereby the
digital image signals 18a, 18b, 18c and 18d of the conparison points
102a, 102b, 102c and 102d can be read out,dromthe storage neans 17
synchronously with the digital inmge 25 signals 15 of the notice point 101

whi ch are del ayedds®ihg EIAEERE Qe Wdradd rdling tli7m=0ve|t1het | tches Dx

and Dy are respectively set to the values which are 1ntegral multiples of
the X directi @redepeirntine pidanhidy Reand dha fSlid eatHeOMmilBREtI ti ve
pitch Qy of the direct. peripheral circuit 4, 5. Next, the difference inage
extracting uniifmege22dgr2dls, w2dichandt & 2d reaarst dfed dirgithdl StaeResi gnal s

5 16 of the notice point 101 with the digital inage signals 18a of the
conpari son pomeane0dd; fidre tdiggiprade iaragmesi mran ihgp aafeat Hevcdwdear i son
point 102b,. the digital image signals 18c of the conparison point 102c

and the di g t &her@dde bsitindihe fd@isal Hmagsmsddreds 16 od rhel O2d.ice
respectively, the digital .inmage signals 18a, 18b, 18c and 18d havi ng been

extracted, an&°r-&toddl @#hi e hren shtaiingd &y dhebide laa,uan@y dhieabl e

density allo I |y | f hrightne ased on t.he fine change of the
shape when t\r,:,gli gg%grﬁ%%§en5ﬁﬂ§% S RF S COMPRTISPMPOdRS & 02a gad

Govi at i on. and"Che "Bars A tte omedmnbe g I BRE 6} Sianet ers. to
extract (OUtpaﬁkthh%er%&URE%QEesponding to Dx picture elements) in
10 the positive X direction and in the negative X direction
from the digital image signals 15 of the notice point
101 which are delayed.
The addresses of the comparison points 102a
and 102b with respect to the address of the notice point
15 101 are specified to the storage means 17 on the basis
of the pitches Dx and Dy which have been selected by the
selection means 19, in accqrdance with the kind
information 35 of the wafer 1 outputted from the general
control unit 28, from the various kinds of pitches Dx
20 and Dy which are previously set in the inside of the
general control unit 28, whereby the digital image
sigpals 18a, 18b, 18c and 18d of the comparison points
102a, 102b, 102c and 102d can be read out from the
storage means 17 synchronously with the digital image
25 signals 15 of the notice point 101 which are delayed to
be extracted (cut out). At this time, the pitches Dx
and Dy are respectively set to the values which are

integral multiples of the X direction repetitive pitch



di fference i mages 2la, 21b, 21c and 21d, respectively. 20 That is, in the
* cas’e where the difference is equal to or smaller than each of the
conpari son parameters in each of the difference i mages 2la, 21b, 21c and
21d, it is regarded that there is no diffgrence (i.e., the difference is
"0") and hence the matching is obtained. 25 The defect candi date inmage

extracting unigk 3hd &HecW aig% dthe i AdRIaNG] d TRIL S MMJM e 41 dum
differencg (cgﬁresponding to the higheéfgnatchigg) frgﬁfﬁallgﬁ%e_

above- ment i oneé rdiphleeadned rictHges 2%k, 21b,” 21c - 31 and 21d which have
been extracted and al so calculates the difference itself, other than the
m ni mum val ue of the diNekeérenhe diif€k riencel'imaget ekiti@kt iag andekect

candi date image signal 23. The feature quantity 5 extracting unit 26
“extracts a degéétr gé’lbdi d2ce amde 2 24 dwimpetr es dpee digh tad dimaye isigmiag.s 10( b)
fromthe d%fect candi dat e image signal 23, and then extracts feature
quantiti es *2518f ofh& et ceam@iiddt & 0dyu i ths tiee digiiddt dmagg degree
showi ng the saql.i defect 10 (correspaonding to a difference 62

h . Al
bet ween t he vgﬁﬁgﬁﬁgaqgéﬁgFiﬁ aﬁ&&PQ£%§9 @Wlfﬁeéﬂﬂéngﬁéﬁif@géﬁaﬂhe
i i i ngi d t I rea in Fiq. , e
gg;: ? ibljﬁal dggglrné%sﬁli{g glg%%;l%g .lfg%t K& 62’&??%%\%’361&1"% I‘?é’q@énag’&)bof t%‘reavi ty) of

the defect argqgQQaQXQh?b%iggg%%gsbé%Fﬁ%&uQ%%n%%m§%§ﬁ%%%?§bibgzg%%%tion of

the defect, an area S (i'ndic € slash ar of the

defect area 6anaxhhbi bigd thhe ifagedisTRAS1eNlgadetethe ShfRardidnt Ne
projection length Lx in"the X direction

10 point 102d, respectively, the digital image signals 18a,
18b, 18c and 184 having béen extracted, and remove
(subtract) the variation allowable value (variable
density allowable value) if brightness based on the fine
change of the shape when the pattern is normal, the

15 wvariation allowable value (positional deviation
allowable value) of brightness due to the positional
deviation, and the pure noise components, as the
comparison parameters, to extract (output) the resultant
difference images 2la, 21b, 2lc and 214, respectively.

20 That is, in the case where the difference is equal to or
smaller than each of the comparison parameters in each
of the difference images 2la, 21b, 2lc and 214, it is
regarded that there is no difference (i.e., the
difference is "0") and hence the matching is obtained.

25 The defect candidate image extracting unit 24
calculates the difference image showing the minimum
difference (corresponding to the highest matching) from

all the above-mentioned difference images 2la, 21b, 2lc



and the projection length Lg in the Y direction. Then, 20 these feature

quantities 15 of the defect candidate are stored in the nmenory area of the

defect extracting unit (defect extracting means) 27 as the processor.

Then, the feature quantities 25 of the_dgfect candidate thus stored are

lined up with the coordinates within the 25 chip. Then, only the defect

candi dat e whi alhdhas.d ivhiidie hdvexasbdrnge: fcdd®e HPAHidRta@8 cdiftes

m smat ching degree larger than the value which is obtained by adding the

al | ownabl e t hr esteoldd fife tereeears el Ueotdfert fehan sy ahiimignum 32 luteg@rees, the

area | arger than the value which is obtained by adding the allowable

t hreshol d t hertdieo didif e neneeprvdiiamt iion 1N giatiahitdy) X adi reecddfarctand t he

projection length in the Y direction each of which is 5 larger than the

val ue which i sasskigiated maaaddiigpahe3 al IPwalfleatiireesheint itthereto i s

extracted as the true defect. The information relating to the true defect

t hus extract e§%tE aGHIRR tvad thy2 & krﬂ%t(ﬁﬁ%ﬁf a\”rﬁieﬁfsﬁqta Calrl&:l(ﬁagnmlgim![ ug18 a r
rinter, displ neans .or_the |ike) 10 of, the general control uni , O

Fr ansnitted gé%érfrec%utsﬁ\ftpe\?o & @R HheWerdt Aokt R) Jam he defect

conputer, a server Qr .t | j ke, whi_gh na he overall —process through

thgpcom"runi ca?ia\éﬁlﬁ‘%atﬁsq?f § gssl%g' 1 a?ﬁcs)tt : oﬁﬁi&ﬁ%? .ati’d(e\?\li) risggws a

normal wirin ¢ : : : a
SRR 27 i MBS, Rt QR o B4

pattern 63 in which the de _ S present. Fi 10(c) shows
a variabl e densisiiatichi9R) Fedttle GhANY e solid shape of the defect

10 (corresponding to a difference 62 between the variable
density values based on the mismatching of the variable
density indicated by the slash area in Fig. 10(e)), the
positional coordinates (e.g., the position G of the
center of gravity) of the defect area 61 exhibiting the

15 occurrence positional information of the defect, an area
S (indicated by the slash area in Fig. 10(b)) of the
defect area 61 exhibiting the two-dimensional defect
size, and the projection length Lx in the X direction
and the projection length Lg in the Y direction. Then,

20 these feature quantities 15 of the defect candidate are
stored in the memory area of the defect extracting unit
(defect extracting means) 27 as the processor. Then,
the feature quantities 25 of the defect candidate thus
stored are lined up with the coordinates within the

25 chip. Then, only the defect candidate which has, in the
fixed range of the coordinates, the mismatching degree
larger than the value which is obtained by adding the

allowable threshold to the mean value of the mismatching



bri ght ness which is obtained fromthe scanning line a 20 a shown in Fig.
" 10(‘a), and Fig. 10(d) shows a variable density inmage signal 65 show ng
bri ghtness which is obtained fromthe scanning line b - b shown in Fig.
10(b). Fig. 10(e) shows the m smatching_dggree (corresponding to the

vari abl e density val ues, based on 25 the m smatching, which is indicated

by the slash @l’e%&)eesﬁztbﬁvﬁ%’htl@g}% Lt?Qr\e HNSdhd MBS gnal s 64 and

65. In a first nodification of the enbodi nent, instead of the

cross-like comparined bas a¥fimhaMe idl Iduikblel t Hiteneald ane réftd,hemot i ce
point 101 is conpared with the patterns of the two conparison points 102a
and 102c in tkéexXpdiojesttiiom drechgtrh tive thediX eldtrieation esi@eahevel y. This
feature is such that while the 5 inspectable area is slightly reduced, the
i nspecti on caRTPESEAN A@nhakilt Hnt Hdesi¥mdlieg emetilood eamth fstwiriich is
constructign. .That is, in the construction shown in Fig. 9, both the

di f f er ence i mag& 9&Ft FAeM tdeurialdier s icind s22d tedmede byegldddngd the0 I1n a
second nodifi%§ﬁio§ﬁﬁf t he fh{ t ?ﬁPodinent, i nstead of the cross-1like
conparison, a8 - SW&RAS rPEEghols thered@ isoexts ackedc gspahies8AU6f t he
pattern of th ice i_nt. 1 wi.t.h the crgss-like pattern of the
conpari son po?ﬁ?g%tfheaggtfg#%ﬁgPtfﬁglf§lﬁﬁﬁP@etﬁbFHF Fo1e ded6Gsared with

irection ThiS Foarirecreds ad RS B HEhd BEBE WA h (he case
where a pl urakecyrafingeRR@ilin€a printer, display means or the like)

10 of the general control unit 28, or transmitted as an
output 30 from the general control unit 28 to .a
computer, a server or the like which manages the overall
process through the communication means such as the LAN
(not shown).

15 Fig. 10(a) shows a normal wiring pattern 63
for comparison, and Fig. 10(b) shows a wiring pattern 63
in which the defect candidate 61 is present. Fig. 10(c)
shows a variable density image signal 64 showing
brightness which is obtained from the scanning line a -

20 a shown in Fig. 10(a), and Fig. 10(d) shows a variable
density image signal 65 showing brightness which is
obtained from the scanning line b - b shown in Fig.
10(b). Fig. 10(e) shows the mismatching degree
(corresponding to the variable density values, based on

25 the mismatching, which is indicated by the slash area)
62 bgtween the variable density image signals 64 and 65.

In a first modification of the first

embodiment, instead of the cross-like comparison, as



~pitches are present. Likewse, it is considered that a 20 plurality of

% corfpari son points are added in each of the X direction and the Y

direction. In the case of the second nodification, it is necessary to

provide additionally difference image exggacting units 22e and 22f.
According to the first enbodi nent of the present invention as described

above, any defswrDfirdming. the, NEHD A &l PYL Gk 3
circuit 4, 5 each having the repetition an ( o
constituting tdumpeardd endiictiile R er A He X tdwas thpal itdMl pSiRad f yi ng
area, and also the inspection can be
carried out by0Zetaridhd Bamplry the Yatianstteren iamd Udi rghd he dlirsdaviens, Dx 5
and Dy between the notice point 101 and the conparison

peri pher al

the coordi nates of the inspectable

second enbodi FEFPESTE ived et 1T sarfPa teyra drm fsorch rdpacviglen tet t er n

accordi ng %p
reference IO

t.he present invention will hereinafter be described with

toSpestapie grea i S tlie reshmadicttihen isrspant i are camd

enbodi nent of ,the

t.t i, tion system In the second enmbodi nent of
the pattern i r??pé&%idﬁ‘%r &lﬁ%&l&}% {15 hed &”éséﬁsqe_r‘ﬂ/enti on, there
ol SRR IO IR, ST 4 oS ISR Cogree 19

cal cul ating units (matching

are added to

egree Cal

c?élﬁ:e{)%ﬂéﬂ%% is

25

poi nts 102. Next,

: . vy - ' ) i ff d
35d for cal Cuﬁbl.n@,”{%%g:gierlg}eg%rﬁfngef fﬁﬂ%’geuefxftr%’ctg H u%d %gﬁ?bi he

bet ween the digital

10

15

20

25

and not'i ce poi

and 22d can be neglected.

In a second modification of the first
embodiment, instead of the cross-like comparison, as
shown in Fig. 12, in addition to the comparison of the
pattern of the notice point 101 with the cross-like
pattern of the comparison points, the pattern of the
notice point 101 is compared with the patterns of two
comparison points 102e and 102f arranged in the X
direction. This feature is such that it is possible to
cope with the case where a plurality of repetitive
pitches are present. Likewise, it is considered that a
plurality of comparison points are added in each of the
X direction and the Y direction. In the case of the
second modification, it is necessary to provide
additionally difference image extracting units 22e and

22f.

According to the first embodiment of the

present invention as described above, any defect of only

the memory mat portion 3 and the direct peripheral

circuit 4, 5 each having the repetition and both

a



[

digital imge signals 18a, 18b, 18c and 18d of the 20 conparison points
10Za to 102d and for increasing the allowable value for the matching
degrees Diff a, Diff b, Diff c and Diff d thus cal culated and for judging
the pattern of the notice point to matchshhe pattern of the conparison
poi nt of interest, including the vicinity 25 thereof, unless the pattern of

the notice poiddndsi t i & | theli ddffEMal QM thendd) tEID %&g@gi son

point of interest, to regard each of the matching ~ degrees ff b,

Diff c and Di ffitthas "dPedi¥fing the Sordirthtdd fdf e Gndpdde Hie 0 and
Diff d =0); and a conparison object selecting unit 37 for outputting a

sel ection sigralea38 and dlss tisediispadkioratactvdcaimed slef a5 candi date
extracting unit 24b, for judging, 5 that the defect of interest is the

def ect candi datedtirg rnpley dilid parame treagesi (danfire) e, d (Lomrdy @b,
(Conp c) 21c, and (Conp d) 21d obtained fromthe difference i mage -
extracting Uniand @y fefwern | thyyaotias @iy Marm)d 20w Qstipa22omand 22d,
in accordance 10 with natching signals 36a, 36b, 36¢c and 36d which are
obt ai ned fromAHEFFatldng degree cal cul ating units 35a, 35b, 35c¢ and 35d,

1023 10 1024 whi ch- ar e \RRKI b BATHE EHE eioindds AGEed Frdhe 15
fo 220 may be HEseiber s TR LS G SR ARG RS ot 1 HTRRRE Lo
the memory mafjnvention will hereinafter be described with reference
10 to Fig. 13. Fig. 13 shows the construction of the
second embodiment of the pattern inspection system. 1In
the second embodiment of the pattern inspection system
according to the present invention, there are added to
the first embodiment shown in Fig. 9: matching degree
15 calculating units (matching degree calculating means)
35a,.35b, 35c and 35d for calculating matching degrees
Diff a, Diff b, Diff c and Diff d between the digital
image signals 15 and the notice point 101 and the
digital image signals 18a, 18b, 18c and 18d of the
20 comparison points 102a to 102d and for increasing the
allowable value for the matching degrees Diff a, Diff b,
Diff ¢ and Diff d thus calculated and for judging the
pattern of the notice point to match the pattern of the
comparison point of interest, including the vicinity
25 thereof, unless the pattern of the notice point is
| greatly different from the pattern of the comparison
point of interest, to regard each of the matching

degrees Diff a, Diff b, Diff ¢ and Diff 4 as "Q" (Diff a



portibn 3 and the direct peripheral circuit 4, 5 to be stored in the

st drage neans 17. But, when reading out 20 the digital inmages of the
conparison points 102a to 102d, which are produced on the basis of the
design information, fromthe storage neags 17, the selection needs to be
carried out on the basis of the selection signal 38 obtained fromthe

conpari son obj=eqt, salfcty ng o 2Die tc 7.0 TR Bathida q)a\)l cypfing units
35a, 35b, 35c and 35d cut out, approximately simlarly to the difference
i mage extract ioegnpan itsor( b fertenoel ddigRy -urdit  EXIFRCIINGUBRANY 228 to
22d, the difference images Diff a, Diff b, Diff ¢ and Diff d, which have
been obt ai ned sedypatdavisignauRe adtialy)is hesesbimamagen serertEiar,s in
therefrom every picture el ement mamery range of 5 X 5 5 for exanple. Then
each of the mi SffeFtdapeddatd AN tratg nehiumsi B24k,0 380 Reiginde data
rel ating tc.}iX the m ninmum difference image in the picture elenment nenory

range of 5 X Shafudhadeffctaoh Hatanass dis tthe qtalcaniditdate el ement to

subj ect the difference j, e 10 signal represented by the approxinmate
matjchi ng (i.efrom ﬁé‘%ﬁ%r@rﬁe 9P (R e 412 rsfdlamEs o )i R ltthe

Phe. t vo- di mondCSRE CanZArgonin (PRGNS ORI RahAIr st Whiom di giti zes
e 1 esul Lan ekt epienonddadn Al Wil s ddige disghal . and
i mage signal exee@es ikAandA9e 22a, 22b, 22c and 22d, in accordance
10 with matching signals 36a, 36b, 36c and 36d which are
obtained from the matching degree calculating units 35a,
35b, 35c and 35d, respectively. Incidentally, the
digital images of the comparison points 102a to 102d
which are used to extract the difference images in the
15 difference image extracting units (different image
extracting means) 22a fo 22d may be produced from the
design information in correspondence to the memory mat
portion 3 and the direct peripheral circuit 4, 5 to be
stored in the storage means 17. But, when reading out
20 the digital images of the comparison points 102a to
102d, which are produced on the basis of the design
information, from the storage means 17, the selection
needs to be carried out on the basis of the selection
signal 38 obtained from the comparison object selecting
25 wunit 37.
The matching calculating units 35a, 35b, 35c
and 35d cut out, approximately similarly to the

difference image extracting units (difference image



threshol d, and al so outputs surely, as the matching, the data relating to

both the comparison point the pattern 20 of which is not greatly different

fromthe pattern of the notice point, and its vicinity (within the picture
el ement nenory range of 5 X 5). That is, gach of the nmatching degree

cal culating units 35a, 35b, 35c and 35d increases the allowable value (the

threshol d) an@x2% ackgaifdmddis PaILis !t R i e R 1 ddDiee

conpari son point as the matching unless the pattern of the notice point is
greatly diffemgnDiffiforn,t IDd fifatd ermd DIffft RE, GO iIneee RRidH JUEiWdqg its
vicinity to output e9 37 the matching signal. As a result, the conparison
obj ect sel ecbiyngemevting7 (carbtnedgeingverhd fednpafiisom gefrecietess present,
~whether the notice point 101 is in the state of the two-dinensional
repetition, ifheReiseRre eyfeh@istugetaliemant mantes yhaeingentodl 5 X) 5
direction,g nfthe st at of the repetition in the vertical (Y) direction,
in the state:8f tei’fé"@ﬁr(? -of T r &§3&h Qfotheomatehing degreeof t he
i sol ated poi nt,, re.specifi.cally, at t ti when _ the fqur natching
degree cal cul tgtail%l%r?ilt@ é%‘é,q:% a %@c 3%81 a‘r‘?ge%ﬁ%%aotfte&@ttﬂé‘a e
mat chi ng sign i f: i f f = t.he ,conpari son ohj ect sel ecting
unit 37 j udgggl%t ﬁ‘?t“l%‘wg‘ tr?gtfif?ereﬁggntm%f it itﬁ’et e S e SGEMERE

two- di mensi onalmbeRelyatigano AR y BeR ol ps cLfte 5 sehectign signal (o the

def ect candi date extracting uni so t hat the

extracting uncen2#@1 p4RUre LRm@nt TYMs\dlieet( Thd GYRFRAnk2 $RIR)) Of

10 signal represented by the approximate matching (i.e.,
the variable density difference is smallest in the
picture element memory range of 5 X 5; the minimum
difference image) to the two-dimensional enlargement
processing. Then, each of them digitizes the resultant

15 difference image signal with the large threshold, and.
obtains the matching unless the magnitude of the
resultant difference image signal exceeds that large
threshold, and also outputs surely, as the matching, the
data relating to both the comparison point the pattern

20 of which is not greatly different from the pattern of
the notice point, and its vicinity (within the picture
element memory range of 5 X 5). That is, each of the
matching degree calculating units 35a, 35b, 35c and 35d
increases the allowable value (the threshold) and

25 regards the patterns of the notice point and the
comparison point as the matching unless the pattern of
the notice point is greatly different from the pattern

of the comparison point including its vicinity to output



S

the four difference inmages (Conp a to Conp d) as the defect candidate. In
addition, at the tinme when both the matching degree calcul ating units 35a
and 35b out of 20 the four nmatching degree cal culating units 35a, 35b, 35c
and 35d have outputted the matching signas (D ff a =0, D ff b =0), the
conpari son object selecting unit 37 judges that the notice point 101 is in

the state of the maeealinl @3gnAit.he AROLI z@atal ,( XhedicbaphiraRoandptRer 25
outputs the selection signal to the defect candidate extracting dnit 24b
so that the debéettdandiuddte 37extanaciidag ,Ueivien24l euep@tiset @e reicri 7em val ue
(mn (Conp a, Conp b)) of the two difference inages (Conp a, Conp - 38 b)
in the horizoprgkepx) gheéteironheunoaficeheofiatr 10di ikeianctei srages os t he
defect candidate. In _addition, at the time when both the natching degree
cal cul ati ng ufhest¥scdingnsig@nadt repethid itour imatdli sgasededr ¢kecal cul ati ng
units 35a, £35b, 35¢ and 35d have outputted the matching signals (Dff c
=0, Diff d =0 SPeFh&1LBNpAr tEEnheBieeNtad| d&)i Adremition7 jodgbe shatet he
noti ce poi nt égﬁghs in the state o repetition in the vertical

0

f.th
di rection and’ S GFBAEStERE 18 §8%e§FF5ﬁC§#gﬁ¥P goreRéE 188 edt éaﬁéréate
extracting unhga8g4gfsghghgﬁgtg% q§%:9%P%%@gk %gfﬁgx%hsﬁkg?%ﬁunlt 4b

outputs, as t ef ect candi date, Ai Pm-v ApecOtconmp d))

i rection out of therEnE BBl g P orEre. PR L Cat ThER Bt Ko e
when only anyheneo@t hBecheHg BBLeBengadedigeing! GHkaki BEaUNBER, 35c

10 and 35d have outputted the matching signals (Diff a to
Diff d = 0), the comparison object selecting unit 37
judges that the notice point 101 is in the state of the
two-dimensional repetition, and then outputs the
selection signal to the defect candidate extracting unit

15 24b so that the defect candidate extracting unit 24b
outputs the minimum value (min (Comp a to Comp d)) of
the four difference images (Comp a to Comp d) as the
defect candidate. 1In addition, at the time when both
the matching degree calculating units 35a and 35b out of

20 the four matching degree calculating units 35a, 35b, 35c¢
and 35d have outputted the matching signals (Diff a =0,
Diff b =0), the comparison object selecting unit 37
judges that the notice point 101 is in the state.of the
repetition in the horizontal (X) direction and then

25 outputs the selection signal to the defect candidate
extracting unit 24b so that the defect candidate
extracting unit 24b outputs the minimum value (min (Comp

a, Comp b)) of the two difference images (Comp a, Comp



35a, 35b, 35c and 35d has outputted the nmatching signal (only Diff ais O,
onl'y Diff bis 0, only Diff cis 0, or only Diff ¢ is 0), the conparison
obj ect selecting 20 unit 37 judges that the notice point 101 is in the
state of the end of the repetition and-tfgn_outputs the selection signal
to the defect candidate extracting unit 24b so that the defect candidate

extracting unid) 24b tHUtHI SsormtSa 1 hex & Gl dat & ¢ ke ddference image
25 itself (Comp a, Conp b, Conp c, or Conp d), which has been judged to be
the end point didifterefndeneinfasyes didf frieerderddmaemdi@ydeer .imt the tinme
when the four matching degree calculating units 35a, 35b, 35c and 35d 39
have out put t e@ddid isinsnwttc Hihgy tsimgnadteen( Bidtth a&Heo nAtfdhithg @egridie

conpari son object selecting unit 37 judges that the notice point 101 is in
the state of (OFdCUladiifGednidint3ndnhasdbwutef tthe feluecmatrhsingnal to 5
t he defect «candi date extracting unit 24b so that the defect candi date
extracting unP€IZAF GRlslating ud tsye¥Sot 35dndiddat @nd BSdribaiveum val ue

(mn (Comp a to,.Co ). of the four difference inmages (Conp a to Conp d).
As a result, Pﬁé:p&ggggtd il NS SEF Ty (WHEE 245020 Dddtfpét £0)as t he

i 1 or ence. | mges CUBEE HeR SRt AN g, (e JORRS K025 Shen ¢ he
het i o IO, 90 D 4 G REE 5 1
(Comp a, Conpthp werthealhqv)Z@it@lcti®n e thed oMt tish@paoti ce point 101
e 10 selection signal to the defect candidate extracting unitl
24b so that the defect candidate extracting unit 24b
outputs, as the defect candidate, the minimum value (min
(Comp c, Comp d)) of the two difference images (Comp c,
Comp d) in the vertical (Y) direction out of the four
15 difference images. 1In addition, at the time when only
any one of the four matching degree calculating units
35a, 35b, 35c and 354 has outputted the matching signal
(only Diff a is 0, only Diff b is 0, only Diff c is 0,
or only Diff ¢ is 0), the comparison object selecting
20 unit 37 judges that the notice point 101 is in the state
of the end of_the repetition and then outputs the
selection signal to the defect candidate extracting unit
24b so that the defect candidate extracting unit 24b
outputs, as the defect candidate, the difference image
25 itself (Comp a, Comp b, Comp c, or Comp d), which has
been judged to be the end point, out of the four -

difference images. Further, at the time when the four

matching degree calculating units 35a, 35b, 35c and 354



the state of the repetition in the horizontal (X) direction, outputs, as
thé defect candidate, the mininmum value (nmn (Conp ¢, Conp d)) of the two
difference 20 images (Conp c, Conp d) in the vertical (Y) direction when
the notice point 101 is in the state of_t{ye _repetition in the vertical (Y)
direction, outputs, as the defect candidate, the difference inmge itself

(Comp 2, Compalve GUEbUbLLAR! RiMhibnatdlicly Is1digeqdie e (e Ra e

point, when the notice point 101 is in the state of ‘the end point _
repetition, amrd OV} pthé, céfiphhesoflebBsbceandidat engt Hgi M 8 Mygyyakue (mn
(Conp a to Conmp d)) of the four difference imges (Conp a to Conp d) 40
when the noti ¢chatoitite 1@k iice ipoitdte 1dtlaties dfn thee dtsdledtsrd tp@i nt. Then, the
processings in the feature extracting unit (feature extracting neans) 26
and the defedisodrtescmaigitu@nd (tdefrectu tgnttrsadthieng erteantsor? & igyra 15 tiche sane
as these i the first enbodiment of the pattern inspection systemshown in
Fig. 9. Inthébe cefestsanddats axte anfting mnijtn ddctsicort hayts ttdva shown i n
Fig. 9, the d fgct candidate inmage extracting unit 24a outputs, as the
defect 10 can§FY&ECE SPRGE Gt X TFRCHING dir¥ifte PR QUGS » @shithiet i ng t he

m ni nrum val ue bl Li it he t _mat.chin egree). of the difference
(nisnatching)dgg?%§fCa&%ﬁdﬁﬁf’gﬁiF%WBﬁE@“Whgﬁgég?f&%“?fﬁ?“@i@ &dCET®. I n
this case, as h hecald y s in Fig. 14 iJe the 15 data relating to
a fine defect dijlnggttg%t 515)tbtre \ggetr%encegelf"(?@ies\gg ¢ ®afe '8 §OHP &t-hout
losing its CORSOM result, the defect candidate extracting unit 24b

10 outputs, as the defect candidate, the minimum value (min
(Comp a to Comp d)) of the four difference images (Comp
a to Comp d) when the notice point 101 is in the state
Qf the two-dimensional repetition, outputs, as the
defect candidate, the minimum value (min (Comp a, Comp
15 b)) of the two difference images (Comp a, Comp b) in the
horizontal (X) direcfion when the notice point 101 is in
the state of the repetition in the horizontal (X)
direction, outputs, as the defect candidate, the minimum
value (min (Comp c, Comp d)) of the two difference |
20 images (Comp ¢, Comp d) in the vertical (Y) direction
when the notice point 101 is in the state of the
repetition in the vertical (Y) direction, outputs, as
the defect candidate, the difference image itself-(Comp
a, Comp b, Comp c, or Comp d), which is judged to be the
25 end point, when the notice point 101 is in the state of
the end point of the repetition, and outputs, as the

defect candidate, the minimum value (min (Comp a to Comp

d)) of the four difference images (Comp a to Comp d)



(which has the fine stepped portion so that the |large change occurs in the
variabl e density signal ) 142, there is the possibility that the pattern
of a flat 20 portion 143 of the fine defect 141 may match the pattern of

t he conparison point 102d to be | osed. As4g result, there is also the
possibility that the defect candidate signal may be outputted in which the

shape of the fulen tef atdtice Ghenwediol N Pard i hl ratdd dherase where the
25 fine defect 141 is the lack defect, it is considered that the inmge of

the notice poiirgolitlechawingt : heTHéme tisefmedcamyingd cin tde i f@mpe,af the
pattern of the conparison point 102d having no repetition. As a 41

result, in thexXtinattigmbatinentfedther @osstitadting thedns ¥ s dridiadHeon may
occur in which only the contour of the fine defect 141 is extracted is

| ar ge. Howeverdefaft RxtdaTicn®e i nedrf eft tewt Baqrbtnemedmspext iare syst em
shown in Hé} 3, the data relating to the defect itself can be faithfully
out putted as tHE P AR St ek enbpsiimenthafyithe tost tfape and

the |ike of the defect, and .henc as conmpared with the first enbodi nent,
the highly 103353%ﬂ)%9qrﬁﬁﬁﬁﬁ@<§$?ﬁnt*ﬂ;EE9ma%mfect can be realized on

the basis of the cross GYR ' third odi t of the method
2&%§$?séwgﬂbo&iﬂ%%}tqfﬁqhg L340

and systemfor inspecting ttern accor . ~invention
e TS EoRATRR ST RS SR, B P e e
enbodi ment of image extracting unit 24a outputs, as the defect
10 candidate image signal 23; the difference image
exhibiting the minimum value (exhibiting the most
matching degree) of the difference (mismatching) out of
all the difference images 2la, 21b, 2lc and 21d. In
this case, as schematically shown in Fig. 14, while the
15 data relating to a fine defect 141 is outputted aslthe
defect candidate signal without losing its contour
(which has the fine stepped portion so that the large
change occurs in the variable density signal ) 142,
there is the possibility that the pattern of a flat
20 portion 143 of the fine defect 141 may match the pattern
of the comparison point 1024 to be losed. As a result,
there is also the possibility that the defect candidate
signal may be outputted in which the shape of the fine
defect is changed. 1In particular, in the case where the
25 fine defect 141 is the lack defect, it is considered
that the image of the notice point 101 having the fine
defect may match the image of the pattern of the

comparison point 102d having no repetition. As a



the pattern inspection systemaccording to the present invention, a point
of ‘difference in construction from the first enbodi nent of the pattern

i nspection system 20 shown in Fig. 9 is that the difference i mage 2la
between the notice point 101 and the conparison point 102a which is
outputted fromthe difference image extracting unit 22a is obtained by

del ayi ng the diddierence, ivmger ; it aimssh fam { he, iﬁJsesri%Cﬁér?g&%%et di st ance

extracting unit 22b 25 for a time period required for scann

fromthe noti athepaiiduaitibon MmdeoseuPad L dPidH1 103 ddhddif X%diggetion
scanni ng when detecting the inmage, using a delay circuit 29a constituted
by a 1-raster f42e sSuffdctr dsilstiy edwkddiend ke Frgexanpl e. When the data
relating to the difference image 2la is outputted from the delay circuit
29a, naturally, the dat @osfevers idi fifter econdagdbodlmdiat wFenHehe notice
poi nt 101 d 5 the conparison point 102b is outputted fromthe difference
i mage extract P&Fb@rin ixHEpectian isystemw shaowWrorimatRign df3 bdthe tdetadi f f er ence
i mges 2la and 21b , described in the first enbodinent is included in the

di fference i nE§e3tHG & theofaieetdifrsaldhean heydaichduldact i ng unit 22b.

The difference inm b i obj ai ned by conparing the notice point 101
with the conﬁé’rtipé%f{f i Stﬂ?zﬁit%rﬁq;h Gandjdateyisdignfde 2 widioudi cture

i recti on, wherErgnr ¢t Shar RS e o shedriedy OB ¢ ho
notice point 3301 opidh G iGN %Q&Oie%bo]dqgr%nvtw Ghe i%thl%;
10 reliable inspection of the fine defect can be realized
on the basis of the cross comparison. |
Next, a third embodiment of the method and

system for inspecting a pattern according to the present
invention will hereinafter be described with reference
15 to Fig. 15. Fig. 15 shows the third embodiment of the
pattern inspection system. In the third embodiment of
the pattern inspection system according to the present
invention, a poinf of difference in construction from
the first embodiment of the pattern inspection system
20 shown in Fig. 9 is that the difference image 2la between
the notice point 101 and the comparison point 102a which
is outputted from the difference image extracting unit |
22a is obtained by delaying the difference image
obtained from the difference image extracting unit 22b
25 for a time period required for scanning the distance
from the notice point 101 to the comparison point 102a

in the X-direction scanning when detecting the image,

using a delay circuit 29a constituted by a l-raster



di stance of the picture elenents corresponding to Dx fromthe notice point
101 in the negative X direction. 1In other words, if in the di fference

i mage 21a, the 20 notice point is substituted for the conparison object,
then the difference image 21la becones equal to the image which is obtained
by shifting the difference i mage 21b by e picture elenments corresponding

to Dx in the Jpegqati g XU, eaq;éo%e (Zﬁﬁ]en f%drdié[xia?“nolﬁt'ggi iefnfl ren\c;‘a%ti@hnage

21c between the notice point 1 an e ‘conpar i is

outputted fromeliae idigf frey @ d i ditld AGdde0 M & s i%f%f%edu%t%f& g gd by

del aying the difference image 43 obtained fromthe d rence inage

extracting unithe2delafyorciaduirte 290, e tiaauled ther g Heahe di stance
fromthe notice point 101 to the conparison point 102c in the Y-direction

 scanni ng whenddéfeceineg timagenjd Hetusierg thedeloay cei podintt 29Q \hiach s,
for_exanp!ﬁ, constituted by arranging a large nunber of 1l-raster shift
regi ster in t kBeycompagtisem paiat t19@bddtisa outguattiedg firont Itdedi f f er ence
image 21c is, Qutputted from the delay circuit 29c, naturally, the data
relating to 16'fRETEPCreiERGe ievidetiddbemider 2bhe Mbiitcd spoitie 101  and
Lhe comar i son oL 4020 o UPYLLed Lo ihe Lo ence e e
15 from the dLFFEFAREE FngBoetrat FATOBIMEnE2dS THELLGRS SreRbe | mage 21d
I's obtained bﬁi@?@?@hkggihQ%en%gﬂgined from the difference image
10 extracting unit 22b. The difference image 21b is
obtained by comparing the notice point lOl.with the
comparison point 102b which is at a distance of the
picture elements corresponding to Dx from the notice
point 101 in the positive X direction, while the
15 difference image 2la is obtained by comparing the notice
point 101 with the comparison point 102a which is at a
distance of the picture elements corresponding to Dx
from the notice point 101 in the negative X direction.
In other words, if in the difference iﬁage 2la, the
20 notice point is substituted for the comparison object,
then the difference image 2la becomes equal to the image
which is obtained by shifting the difference image 21b
by the picture elements corresponding to Dx in the
negative X direction.
25 In addition, the difference image 2lc between
the notice point 101 and the comparison point 102c¢ which

is outputted from the difference image extracting unit

22c is obtained by delaying the difference image



point 101 with the conparison point 102d which is at a ‘distance of the
pi ¢ture nel ements corresponding to Dy fromthe notice point 101 in the
positive Y direction, 20 while the difference image 21c is obtained by
conparing the notice point 101 with the genparison point 102c which is at
a distance of the picture elenments corresponding to Dy fromthe notice

poi nt 101 in iJhtaitRantd A Yrill &I Hbndd i%bee,r Mot iig 'Lﬂ]it@ezz?é .

di fference i nage 21c, the notice point Is substitute for” the conparison
obj ect, then, fidte Lditfifmer goe ddrageiu iXled RO RGRAYR] tHe (e ddmge which is
obtained by shifting the difference inmage 21d by the picture 44 elenents
cor respondi ng firenmDytHen rtdtel qeegatiinte 01 did edtd aompdaviesat pdimr e & t he
case where the distances fromthe notice point to_the-X direction and Y
direction 5 donpdsr iYswh gesititen saanrhiagetheatepiatdiaty man tite ddage of waf er
1 as the ol ect to be inspected. Therefore, the delay tinmes in the delay
circuits 29a &%dNS@ FEIR% FiFcuichARfe F¥oFh He hfsits esfamie i nf or mat i on of

the di stances from.the tice point 101 to the X direction and Y 10
di rection conﬁé’éﬁs(%sl&ﬁlllﬁcﬁqg{ys ARHiNh § R IRaiugPets ofHdiFiasd®f r om t he

Shown i n Flg. UG SERIRERY of i & aHeech e derhdiion dard 2”?83LF§2&
the “compartsay oararers ot SR TR A 4 ppige¥ed o™ ©

the delay circuit 29c, naturally, the data relating to

10 the difference image 214 between the notice point 101
and the comparison point 102d is outputted from the
difference image extracting unit 22d. That is, the
information of both the difference images 2lc and 214
is, likewise, included in the difference image obtained

15 from the difference image extracting unit 22d. The
difference image 21d is obtained by comparing the notice
point 101 with the comparison point 102d which is at a
distance of the picture melements corresponding to Dy
from the notice point 101 in the positive Y direction,

20 while the difference image 2lc is obtained by comparing
the notice point 101 with the comparison point 102c¢
which is at a distance of the picture elements
corresponding to Dy from the notice point 101 in the
negative Y direction. 1In other words, if in the

25 difference image 2lc, the notice point is substituted
for the comparison object, then, the difference image
2lc becomes equal to the image which is obtained by

shifting the difference image 21d by the picture



with the first enbodi nent and also the delay circuits each having the
* sifdple configuration are nerely provi ded, whereby any defect in only the
menory mat 20 portion 3, the X direction direct peripheral circuit 4 and
the Y direction direct peripheral circuitygp each having the repetition can
be extracted wi thout specifying the coordinates of the inspection possible

area, and al s@lldiritsRRNtIibSRILME EABY 6th e %%&1&.\?& wasi s of the
sinpl e paraneter setting. It will be apparent that the third enbodi nent

can be naturaldiyeappldared to the above-nenti oned second enbodinent. | 45
Next, a fourth enbodi nent of the nethod and systemfor inspecting a
pattern according to thégwessant theneerits dihewiddseherheireafther die tdeses bed
with reference to Fig. 16. Fig. 16 shows the fourth enbodi nent of the 5
pattern i nspedtfiofh thestmahiqe phiatf e tttheedbatiineertticof anché& phitrteartrion
inspection5§ysten1acqording_to the present _invention, a point of

di f f er ence f r SAMPRS THRATY PRI dREhtcivingat drpandimd rypddie dimy sifem

shown in Fig. is that instead of the defect extracting unit 10 27,
there are pr O\V’iag%cf: S‘Lar‘?‘% SR &5 e rsl‘t'f'orla{‘t;r',‘t:Ped—‘rﬁec-d- 3fhegefars i de

previously thersin the goardinat eolfgy Sgger d“nllr%qc ha\éirnr%éfrb%c;rge%%giﬁg 83?9 t ﬁgd

a coordi nate conpdrison  unit e

defect candi da@yeddH Mhd MaLPSH NAHLS JRIHENG A U LR dNngle
i nformation of thé place having no
from the notice point 101 to the X direction and Y
10 direction compasrison points 102 which information is
obtained from the selection means 19.

As described above, similarly to the first
embodiment shown in Fig. 9, the number of difference
image extracting units required for carrying out the

15 complicated processing such as the extraction of the
comparison parame£ers is reduced by half as compared
with the first embodiment and also the delay circuits
each having the simple configuration are merely
provided, whereby any defect in only the memory mat

20 portion 3, the X direction direct peripheral circuit 4
and the Y direction direct peripheral circuit 5 each
having the repetition can be extracted without
specifying the coordinates of the inspection possible
area, and also the inspection can be carried out on the

25 basis of the simple parameter setting.

It will.be apparent that the third embodiment

can be naturally applied to the above-mentioned second

embodiment.



repetition, which coordinate information is previously stored, to extract
" the true defect. This coordinate conparison unit 32 has the sanme function
as that of the defect extracping unit 27 in the first to third 20

enbodi ments. Then, the feature quantity_exiracting unit 26 extracts, as
shown in Fig. 10(b), the defect candidate area (defect shape) 61 fromthe

defect _candi date i mge 13 and ALSAIPUAAR hd e JLUY Gl I ps 25 of

the 25 defect candidate such as the m smatching degree (corresponding to
the differenceyExdmetfmen ddpesttinqald ga thasnsi tacodd diasg has ahOpddifent

m smat ching of the variable density indicated by the slash area in Fig.
10(e)) - 46 dxhiasittiony winel dod el et dfe tdes deiftent ,wite feosd ddmiye
coordinates (e.g., the position G of the center of gravity) of the defect
area 61 exhi bi%d AGF2-he occFiended Fwws i Wreal faurftdr remticshimefntt lef defeect ,
the area Sﬁ? &#Fdicated by the slash area in Fig. 10(b)) of the defect
area 61 exhl biRGHHE e HSREGH IRthSXHtam si A dthe thauridf embodimenthef

projection length Lx . in the X direction and the projection length Ly in
e ¢

the Y directi &8 1 SRSE GRht IR 0 BPCRT G ¢t e By esandi dat e
renor

o esmor T o B Bt T 07 2 B
W thin the chinoe et JE T YR SRR R SR 4t e
position G of Hilke Q@i that instead of the defect extracting unit
10 27, there are proQided: an isolated point storage unit
31 for storing previously therein the coordinates of the
place having no repetition; and a coordinate comparison
unit 32 for excluding any of defects, out of the defect
candidates, having the coordinates matching the
15 coordinate information of the place having no
repetition, which coordinate information is previously
stored, to extract the true defect. This coordinate
comparison unit 32 has the same function as that of the
defect extracting unit 27 in the first to third
20 embodiments.

Then, the feature quantity extracting unit 26
extracts, as shown in Fig. 10(b), the defect candidate
area (defect shape) 61 from the defect candidate image
23, and also extracts the feature quantities 25 of the

25 defect candidate such as the mismatching degree
(corresponding to the difference 62 between the variable

density values based on the mismatching of the variable

density indicated by the slash area in Fig. 10(e))



of gravity) of the defect area 61 showing the occurrence position

" infformation of the defect. Then, any of the defect candidates the

coordi nates of which match, in the fixed coordinate range for exanple, the
coordi nates of 20 the i'sol ated point whicphgare previously stored in the
coordinate storage unit 31 is excluded to extract only the true defect.

The informati aixr &b atifg wew@liéﬁ%&fc? L fUSe £22 ?Céﬁ%.é%sr%&#“ed

t hrough the output neans (a recor medium a printer, di ay neans or

25 the like) @odrdinsdidd ede . | Nen& opmut €f ot G MBNRGESHt d N pveral |

process through the network. Incidentally, the coordinate data of the

I sol at ed poi ntgnev ity J opriave cdistecistared 61 dheibiding dhe U &
storage unit 31 may be registrated, in the formof the design information
of the inspectRn folgrenk , infidwmat bore ahitohe i e feami Stirted eskean 8 he basis of

t he inspegtion by. t he worker, or the conbination thereof, 5 using the

i nput nmeans wHidIH i@ tedPe x| Elagt Aterdin Fighe Qerer @f ddre rol  unit

28.. In the fourth enbodinent as . well, by applying the first nodification
of the first ?Jr%ftoecﬁtn@ﬁeat@r&’%}lb%W%e@%oﬂﬂﬂﬁﬂdﬁWﬂ%ﬂsmac;rf|s

carried out, t coordinates of the fal se defects which can be
excl uded ar eac?%gi%efregﬁoce’d qrhéjotr rprt@%tcﬁ%gq‘}ﬂnﬁﬁ s 1 %, the

coordi nates tqy; [,St C e ecifjed to_the cqordinate storage
ni't 31w th he geer i ths B GRERE 1ehed 1y R R Y

direction. These feature quantities 15 of the defect

10 candidate area stored in the memory area of the
coordinate comparison unit 32 as the processor. In the
coordinate comparison unit 32, the feature quantitiés 25
of the defect candidate thus stored are lines up with
the coordinates within the chip on.the basis of the

15 position coordinates (e.g., the position G of the center
of gravity) of the defect area 61 showing the occurrence
position information of the defect. Then, any of the
defect candidates the coordinates of which match, in the
fixed coordinate range for example, the coordinates of

20 the isolated point which are previously stored in the
coordinate storage unit 31 is excluded to extract only
the true defect. The information relating to the true
defect thus extracted is outputted £hrough the output
means (a recording medium, a printer, display means or

25 the like) or transmitted to the computer which manages
the overall process through the network.

Incidentally, the coordinate data of the

isolated point which is previously stored in the



15 According to the fourth enbodi nent, since the coordinates of any of the
def*ect candi dates are conpared wth the coordi nates which are previously
stored, any of the false defects can be surely excluded. Naturally, it

w Il be apparent that the fourth 20 enboghynent can be applied. to the

above-nentioned first and second enbodiments as well. Next, a fifth
enmbodi ment of ddea diRided syt adey/siere fOr s RRCtidyl & RAldEr N Aag ding to
the present invention will hereinafter be described with reference 25 to

Fig. 17. Fig. fbEmshdnstehaldd ffigrh ianfmdiateinin off tfee  paigeitl dMseiddton
system A point of difference of the fifth enbodinment fromthe first
enbodi nent i s thifaPlaes evhiggte i cvdglietr attest age theaa AG] dfortst ori ng
therein the 48 data of the inmages 14 after the A/ D conversion which are
used to det ecENEPESEEAN duhdiltatwokeige 06 Heasmhbdmathieon ditigr exdiypari son;
sel ection eans 202 for fetching selectively the inmage 207 at a distance
backwar dl y WhidSA ™ ithe dnRytameans iwigh dis ¢ o Exanpleompney iidesydn

stored in the_ _storage ans 201; inmage processing nmeans 203 for conparing
t he currentlytﬁgtgfgﬁﬁgiﬂﬁﬁ§ PN T 4% i mage 207, sel ected by the

sel ection neans 202, at i_stan bac r.dly which i.g integral nultiples
of the 10 chip to calcuﬁgtggfhg%ﬁéﬁgbfnbgﬁﬁﬂl teaﬁn§§&i20§ﬁ gﬁﬁlyd@ﬁect

‘mage 23 based en Hie orges et A 1Yt RIS SRR e ect
candi date exthaCkiet@niadmpt idh L giefiadn candidated mee 208 the

10 coordinates of the false defects which can be excluded
are registrated in order to exclude them. As a resuit,
the coordinates to be registrated can be spebified to
the coordinate storage unit 31 with the less number of
processes.

15 According to the fourth embodiment, since the
coordinates of any of the defect candidates are compared
with the coordinates which are previously stored, any of
the false defects can be surely excluded.

" Naturally, it will be apparent that the fourth

20 embodiment can be applied to ,the above-mentioned first
and second embodiments as well.

‘Next, a fifth embodiment of the methbd and
system for inspecting a pattern according to the present
invention will hereinafter be described with reference

25 to Fig. 17. Fig. 17 shows the fifth embodiment of the
pattern inspection system. A point of difference of the
fifth embodiment from the first embodiment is that there

are provided: storage means 201 for storing therein the



15 of the chip conparison, on the basis of the coordinate data of the

" inspection place which is obtained in the general control unit 28. The
defect candidate inmge extracting nmeans 24 calculates the m ni num val ue
(the difference image 20 having the nost ggtching) over the different

I mges 2la, 21b, 21c and 21d which have been extracted in the difference

i mge extract idag a2y ha dAsheatie el ) é&ﬁf&@’i&ﬁ'vﬁwﬁu}%the

defect candidate image 23 based on the cross conparison. 25 On the other
hand, both thasedge ftere enalefdity anliidedigidgd Jomgaskd WH aheare
previously stored in the storage means 201 are subjected to the image
processi ng t o cddlrc woapa rtirse robe feaclte atairmti detam S e for tfeAThiz(if bases on
~the chip conparison. The defect candidate selecting unit 204 receives bot h
" the defect caf@l@stdvelindde3maare®bh atha dlmrmgr?otmﬁrddgdfmlgcma ect
i e i-mage 206 based on the chip conparison to etch a defec
ggggi g:te Pmagé %@é:e\ﬁﬁi & é)felté{;cpé'{?ldh thir@mpddies iglagese candi dat e

Cireurt 4, 5 GROFRS i (G KRS dIFASS (408 este EFEGSHRIAA meReU 1 6
dorect  candi 400 oage S 64800 Th SHE I SEAIRAL TR 2 MegPect T
tShe area of l%‘ﬁeméﬂi%rg% Ry PU et et P L s RSP R 3, cheut 4
on the chip, and sélects _
distance backwardly which is integral multiples of the
10 chip to calculate the defect candidate image 206; and
defect candidate selecting means 204 for selecting both
the defect candidate image 23 based on the cross
comparison which is obtained from the defect candidate
extracting means 24 and the defect candidate image 206
15 of the chip comparison, on the basis of the coordinate
data of the inspection place which is obtained in the
general control unit 28.
The defect candidate image extracting means 24
calculates the minimum value (the difference image
20 having the most matching) over the different images 21la,
21b, 2lc and 21d which have been extracted in the
difference image extracting means 22a to 224,
respectively, thereby calculating the defect candidate
image 23 based on the cross comparison.
25 On the other hand, both the image before one
chip and the digital image 14 which are previously

stored in the storage means 201 are subjected to the

image processing to calculate the defect candidate image



the defect candidate inmage 206 based on the chip 15 conpari-son with respect
" to'the area of the indirect peripheral circuit 6 on the chip to output the
defect candidate image thus selected as the defect candidate inage 208.
The feature quantity extracting unit 26.2pgextracts the defect candidate
area (defect shape) 61 as shown in Fig. 10(b) fromthe defect candi date

i mges 208 thus vlad eth @ &SP &rigACisod he Tfr?é‘t&g?eé&’%d;ﬁii e 25 Of

t he defect candi date such as the m snmatchi ng degree (corresponding to the

di fference 62 shatewrdmd mi22oaniaddrdensddly il Wsdasedfiidhie

m smatching of the variable density indicated by the slash area in Fig.
10(e), the posimeigen 2Sodagiethirs e rogshequstisam Graf tHhaleryter of
gravity) of the defect area 61 exhibiting 50 the occurrence position _

i nformation offanke dadfeedmageneOtahased (@mditsataid hycdnpa sisash tarea in Fi g.
10(b)) of he defect area 61 exhibiting the two-di mensional size of the

defect, and t Etﬁlhojae_@ﬁf@r?q (—Frﬂj’(dr%q_%é'-q r%"taﬂ:el,_eh)?@ ?tﬁt gtﬁrﬁuiﬁﬁr‘: ihgs & o
Phe def eot  cARARSRRd APt WRePaRiss G (00 IRETORGRF S04 OF 1he et ur .
inee up the FeattraeBRTiaREt pae o 52?9&1?‘2@@2?*“&%%@%&%%% Stor ed
def ect, only ChECHatect cand date Tul A WB BB iy Bgesd ) ar gor
than the | evebeWhip®leriad circuit 6 thereon. That is, the defect
10 candidate selecting unit 204 selects the defect
candidate image 23 based on the cross comparison with
respect to the area of the memory mat portion 3 and the
direct peripheral circuit 4, 5 on the chip, and selects
the defect candidate image 206 based on the chip
15 comparison with respect to the area of the indirect
peripheral circuit 6 on the chip to output the defect
candidate image thus selected as the defect candidate
image 208.
The feature Quantity extracting unit 26
20 extracts the defect candidate area (defect shape) 61 as
shown in Fig. 10(b) from the defect candidate images 208
thus selected, and also extracts the feature quantities
25 of the defect candidate such as the mismatching
degree (corresponding to the difference 62 between the
25 variable density values based on the mismatching of the
variable density indicated by the slash area in Fig.
10(e), the position coordinates (e.g., the position G of

the center of gravity) of the defect area 61 exhibiting



obt ai ned by adding the allowable threshold to the nean 15 value of the

m smat chi ng degree, within a fixed coordinate range for exanple.

I ncidentally, the defect candidate selecting unit (defect candidate

sel ecting neans) 204 selects, on the basig of the coordinate data of the
I nspection place, the defect candidate image 23 20 based on the cross

conpari son i n thee R8s rinddHIEWIoh Mo MU oF e dectin direct

peripheral circuit 4 and the Y direction direct peripheral circuit 5 each
havi ng the repetda ison.imiita0iEds e defacta@andidatiyy, 1A 2YE based on

the chip conparison in the case of 25 other indirect peripheral circuit 6.
Accordi ng to tthe fdeffiertermyedi redntextid t iines pert itQi> -G e ioHall ed z@ut Wi th
t he conbination of the cross conparison and the chip conparison, and al so
- 51 any of ©fie thef dafedtn tand ithe mect] quriiqphdrealg tdi Mowiiln Gheast wel | as
any of thesdefects i.,n the nmenory mat portion 3, the X direction direct
peri pher al C|P&6F6t%9%u? &he RREGIaqhian dienadth gar iiphdhsl YgerU|;rgn?ach
A s SCIN Y )
L, 2, LCuEkhgROa B i, oM AL e T 4910
et ect i on means e S e AR TR Ey O3 D e PRy <y 081 o ng
any of feature extracting unit 26 lines up the feature
10 quantitieslzs of the defect candidate thus stored with
the coordinates within the chip, and also extracts, as
the true defect, only the defect candidate having the
mismatching degree larger than the level which is
obtained by adding the allowable threshold to the mean
15 value of the mismatching degree, within a fixed
coordinate range for example. Incidentally, the defect
candidate selecting unit (defect candidate selecting
means) 204 selects, on the basis of the coordinate data
of the inspection place, the defect candidate image 23
20 based on the cross comparison in the case of the memory
mat portion 3, the X direction direct peripheral circuit
4 and the Y direction direct peripheral circuit 5 each
having the repetition, and selects the defect candidate
image 206 based on the chip comparison in the case of
25 other indirect peripheral circuit 6.
According to the fifth embodiment, the

inspection can be carried out with the combination of

the cross comparison and the chip comparison, and also



detection neans such as optical detection neans, all the 15 embodinents can
" be'‘inplenented simlarly. According to the present invention, by the

sinmpl e specification of the inspection area, the highly reliable

i nspection can be carried out. In additioy according to the present 20

i nvention, by the sinple specification of the inspection area, the defects

inall the areay eZChhadeFedthe iNRiHe i$AIrRdteRRIiHHR? aG2aR 1R iRSRect ed
at high speed and with high reliability. In addition, according to the
present 25 inaentiedd, afsokanyhe fsamec dediecitey maftele memaltiyChalth@orta@ry mat
portion and the direct peripheral circuit each having the repetitive
pattern are féarnmtie Xngdisfectiilom ddfrects pear phe riads pdatoad twidt and ghe v
reliability sq 52 that the high quality sem conductor mafe[ can be

manuf act ur ed. QWEELE ipRe diresénaripheriadn diasuide’s epaht havliagl yhehown and
described with reference to the ' 5 preferred enbodi mrents and the specified
nodi fi cati OnsTERELESLON CaRy e Feteededst ood that the various changes and

th difications wl ccur .to those_skilled in the art without
gepg:trgg fromthe scopgagﬁaaﬁﬁﬁé §ﬁiﬁﬁﬁi bﬁ PRRATRPENEDBS. thRefdésPe of

the i nvent | onehgodQubler 8LA" 8ot 348 FLMed 392 helt ;18 2RR809%
clains. - 53 - ;
third and fourth embodiments as well.
While in all the first to fifth embodiments as
10 described above, the description has been given with
respect to the case of the system employing the
electronic optical detection means, it is to be
understood that even in the system employing any of
detection means such as thical detection means, all the
15 embodiments can be implemented similarly.

According to the present invention, by the
simple specification of the inspection area, the highly
reliable inspection can be carried out.

In addition, according to the present

20 invention, by the simple specification of the inspection
area, the defects in all the areas each having the small
scale repetition can be inspected at high speed and with
high reliability.

In-addition, according to the present

25 invention, for the semiconductor wafer in which the
memory mat portion and the direct peripheral circuit
each having the repetitive pattern are formed, any of

the defects can be inspected with high reliability so



1. A nethod of inspecting a pattern wherein an object to be inspected in

“ whi‘ch a plurality of sane pattern groups are forned is inmaged to obtain
two- di nmensional digital inmage signals of the object to be inspected; the
digital image signals, of the pattern of sphe pattern group to be inspected
on the object to be inspected, out of the two-dinensional digital inmage
signals are camar ethentiyH hfud TRGE S Rtdhaanat tmpof the
plurality of other pattern groups on the object to be inspected which
shoul d be essawnufldotudesi. sanme as the pattern of the pattern group to be
inspected in order to extract a defect; and the information relating to

t he defect thus extract éhiile diteuneserntto imvesgnmamihcat ibeerd i ne. 2. A
pattern inspecting nethod according to claim 1, wherein the plurality of
ot her patt er n RpfGuss lard it ehowmtanst rdegarigeedvwidth aref exdjrameerito tthet he
pattern group to be inspected. 3. A pattern inspecting nethod according to

claim 1, erpéier’r:ecrﬁ@dpletﬂbﬁqig%ﬁ}ﬁs A rthgatareqi frasuprodirfd qatd onsat t er n

oroups Which g aaenl Sl lye AEraLAp S, S LEn o Lo e

Mnepected on (S s HeaReatagns BR b P ket iy B okl ege

IS-IEA %ng:ESE NOf R(I;(F)’E%% i[e)zsr‘%n vﬂactﬁo‘?.{@%égaracim&rfaljcjn{ Yerd s(?‘.loq:eér R LN s-g_i"rsl SHEET
of the invention. The scope of the invention is

10 therefore to be determined sololy by the appended

claims.



54 groups, on the object to be inspected, each of which is expected to
" have the sane pattern as that of the pattern group to be inspected, the
pattern of the pattern group to be inspected is selected as a defect
candi date, and a true defect is extractegy fromthe defect candidates thus
selected. 5. A nethod of inspecting a pattern wherein an object to be
I nspected in ghhgksa plurality of sanme pattern groups are forned at
predeterm ned pitches is inaged to obtain inmage signals of the object to

be inspectedl.the imaga meghal, off inkpepatingr @ phttben RALLEHA gnhoup to be
I nspected on the object to be inspected, out of the inmage signals is
conpared w t hobfjecti tagéesiigspesteid tilne whtilodr apaliuenn igyowEs s@met he obj ect
to be inspected which should be essentially the sane-as the pattern of the
pattern groupPB§tB&n gspupsedrien fogmedr itso imagleddécaoptafinf awee defects to
detect a true_.defect; and the information relating to the true defect

t hus det ect edIiReBgipRetedigbtad jaacer §ioRgascoingheeobdecictor dieng to

claim 5, wherein defect candidates of the pattern of the pattern group to
be i nspect ed éP398§§F§CtEgeoalﬁﬁéaiaéﬂégeoﬁ1€ﬁéléhfPéréﬁ@e@aﬁéﬁﬁéeﬁgthe

obj act o he RepBersREE EEBRE rhabe” dngRars e Shnehen biBERs 6r Dehe of ner

Pattern “oroun TR ekt tact tEng ot s pardnealtbhad; e hncrRRee "
signals are compared with the image signals of the
patterns of the plurality of other pattern groups on the
object to be inspected which should be essentially the
same as the pattern of the pattern group to be inspected
in order to extract a defect; and the information
relating to the defect thus extracted is outputted to a
communication line.
2. A pattern inspecting method according to claim
1, wherein the plurality of other pattern groups are the
pattern groups which are adjacent to the pattern group
to be inspected.
3. A pattern inspecting method according to claim
1, wherein the plurality of other pattern groups are the
pattern groups which are perpendicularly adjacent to the
pattern group to be inspected.
4. A pattern inspecting method according to claim
1, wherein when the digital image signals of the pattern
of the pattern group to be inspected on the object to be
inspected do not match any of the image signals of

comparison patterns of a plurality of other pattern

THIS SHEET -HAS BEEN
REPLACED




THI S SHEET HAS BEEN REPLACED - 55 defects are excluded fromthe defect

" carldidates to detect the true defect. 7. A pattern inspecting nethod
according to claim 5, wherein the defects which appear regularly over a
plurality of pattern groups are excluded 95 the false defects fromthe
def ect candi dates whi ch have been extracted by conparing the inmage signal

of the pattergro@pst,hematedb Waurd bda ndpRaeded iH ke ohiiest ito be
inspectgd mﬁt? th% I mage signaf%iof the patterns of the other patterns, on
t he obj ect toelpeictedetioethawshittie sureulphtie es@ntthald Bt Rtes P tas 1 he
pattern of the pattern group to be inspected, thereby detecting the true
defect. 8. A S&Phpdtef benimspeatgda défeeatdfera et ttéren pattterei graup .
sem conductor wafer in which a pattern including both a menory nmat portion
“and a direct tpePPpR@spectiadcdist sedacksshiasdlay dediensd candidedet,eamicned
pitches is imaged; the image signal which has been obtained by the imaging
tgf‘& dedech lSmexd ragtgshifron fhejidgifest ioangd dsitgsaltdus

I's converted I . Lot S s -
corresponding_to a_notice point of the pattern to be inspected on sai
seniconductorsﬁgFgfegn the digital image signals which have been obtained

correspondi ng>to the pBSREFBRS G GRSERSHiAG B BACLEr T HDBTFRECRES auay

from the notipggepei RL bR QBQ%QCE%dE&%r%%Hc%eEﬁ%huﬁ%HQ%9a% 'same
pattern groups are formed at predetermined pitches is
imaged to obtain image signals of the object to be
inspected; the image signal, of the pattern of the
pattern group to be inspected on the object to be
inspected, out of the image signals is compared with the
image signals of the other ﬁattern groups on the object
to be inspected which should be essentially the same as
the pattern of the pattern group to be inspected in
order to exclude any of false defects to detect a true
defect; and the information relating to the true defect
thus detected is outputted.
6. A pattern inspecting method according to claim
5, wherein defect candidates of the ﬁattern of the
pattern group to be inspected are extracted on the basis
of the differences between the image signal of the
pattern of the pattern group to be inspected on the
object to be inspected and the image signals of the
patterns of the other pattern groups; the defect
candidates thus extracted are compared with the pattern

group to extract any of the false defects; and the false
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fal se defects are extracted fromthe defect candidates thus extracted; any

s .of 'the fal se defects is excluded TH S SHEET HAS BEEN REPLACED - 56 from

the defect candidates to detect a true defect; and the information
relating to the true defect thus detectegsis outputted through
communi cation neans. 9. A pattern defect 1nspecting nethod. according to

claim8, wher gl dches i@l fila Frdia Hiel@bieccandiditlas ahigh have been

extracted, which appear regularly on said sem conductor wafer are

extracted as dreadal smealefrand detldbt A net hod of inspecting a defect of a
pattern wherein a sem conductor wafer in which a pattern including both a
menory mat pof7t.i on and @.wauﬂﬂrn[ﬂﬁégﬂuﬁﬂﬂggmethnd qccdﬁaﬂﬁgeﬂﬂscﬂgmmpd at
predeterm ned pitches is imaged; the inmage signal which has been obtained
by the imagi ng i ¥hegpidr ttde idufeatigivhich mppeasimgmllsr hewigid al i mage
signals corresponding to a notice point of the pattern to be inspected on
said seni con@dEét &f B YR i AuRs igFRyexA e amitdte fedse been

o1 gnal s cof r cSBARaAg O™ L HRHTY R DI IR Ry SaePhery o ”?_ﬁg
merory et poFtian ey B SHPRh TR e R IRy S S BT A (orn 1o
be inspected; g@ndpet If)%titréfr(?lr f@édu%“ £ iir?xgsﬁe%tte%e o%eft%%t Sobtjré%st q%[ %%t ed is

inspected with the image signals of the patterns of the

other patterns, on the object to be inspected, which

-should be essentially the same as the pattern of the

pattern group to be inspected, thereby detecting the

true defect.

8. A method of inspecting a defect of a pattern
wherein a semiconductor wafer in which a pattern
including both a memory mat portion and a direct
peripheral circuit is repeatedly formed at predetermined
pitches is imaged; the image signal which has been
obtained by the imaging is converted into digital image
signals; the digital image signals corresponding to a
notice point of the pattern to be inspected on said
semiconductor wafer in the digital image signals which
have been obtained by the conversion are compared with a
plurality of digital image signals cofresponding to the
positions which are the predetermined pitches away from
the notice point in order to extract defect candidates;
false defects are extracted from the defect candidates

thus extracted; any of the false defects is excluded
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outputted. 11. A pattern inspection systemconprising: inmaging neans for

" inmdgi ng an object to be inspected; A/D conversion means for converting an
i mge signal of the TH S SHEET HAS BEEN REPLACED 57 object to be

i nspected which has been inmaged by said- jgmeging means into digital inmage

signals; defect candidate extracting neans for conparing the digital

I mge si gnal s febm thet ideEdedl HandiddteOiedetierthe HrivepeIdREd N dde
digital image signals which have been obtained through the A/D conversion
by said AAD ¢tbeveénficamatsans neliat it tdi GiHealt rusage feicgnalhmsof conpari son
points, corresponding to the notice point, of a plurality of patterns _
whi ch shoul d Betessedt iisl lop tipue: t esia i rasighh e gratuind ioa tdfont Imeamet.i ce poi nt in
order to extract defect candidates of the notice point; defect .detectlng
neans for det@cting a tPuPagérset defeett Haspestdog oetdiodavesorkdisg

out putting therethrough the information

ot roct e Aot all IER s P Ydeld N IOUED L Lt or
st em accor S ReiBated Thuth IV BB R ehesl ST p et et o
and the T of er oage Pade oh rand sushTondiRaRe Yadd? Br¥ eitrallsnarat to the
notice point, +gk Fheskl dezlidty of patterns which shoul d
10. A method of inspecting a defect of a pattern
wherein a semiconductor wafer in which a pattern
including both a memory mat portion and a direct
peripheral circuit is repeatedly formed at predetermined
pitches is imaged; the image signal which has been
obtained by the imaging is converted into digital image
signals; the digital image.signals corresponding to a
notice point of the pattern to be inspected on said
semiconductor wafer in the digital image signals which
have been obtained by the conversion are compared with a
plurality of digital image signals corresponding to a
plurality of positions in the periphery of the notice
point, thereby detecting any of defects which are
present in said memory mat portion and/or said direct
peripheral circuit of the pattern to be inspected; and
the information relating to the defects thus detected is
outputted.
11. A pattern inspection system comprising:
imaging means for imaging an object to be inspected; a/D

conversion means for converting an image signal of the
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be essentially the sanme as the pattern of the notice point; and a defect

" carididate extracting unit for conparing the difference inages which have
been extracted by said difference inage extracting units with a preset
val ue to extract the defect candidates.-Td§ SO SHEET HAS BEEN REPLACED 58
13. A pattern inspection systemaccording to claim 11, wherein said defect

detecting neardjerd UdeTe dndRAUWE IUAH iHak RGN J01a
extracting feature quantities of the defect candi dates whi ch have been
extracted by saiad ichefl ectansanditdatd gdaladcinaye rEaEl gnde feddef ect
extracting unit for detecting a true defect on the basis of the feature
quantities of camdideftectextrantiideg ewans domhamengedmexieadtied dal sai d
feature quantity extracting unit. 14. A pattern inspection system
conprising: i Algde Siigndlsd@fe@ in®f imeapifndr adettduet iakg etdte twhys cal
quantities of ,an object to be inspected, in which a repetitive pattern is
formed, in théPFEEMEL o the fitdialinassy s igngia #*hishDhayey desinon neans

for . converting,the twy-di nensi.onal jnmage signals which have been detected
by said i nageogitﬁﬁ&e‘i\c,i\%thé&‘ﬁgﬁ‘g ar?!;) 3 rﬁ%dwetr%d-od'ﬁ ¥ Sedfal®/Drage si gnal s:

(g fTerence | MBARveSEiGACHARSTRAN o HTRAIN AL dLGLA, ([FOR S onal ¢

of a notice point inthe two-dinensional whi ch have

Pﬁgnd?g}[ ?;Pedcbﬁbﬁlﬂggohh%d%/nlgs ,C%\ferre%ip%dq%gs U D nZ1ES Spioqulltrre%r%s with
a plurality of patterns which should be essentially the
same as the pattern of the notice point in order to
extract defect candidates of the notice point; defect
detecting means for detecting a true deféct from the
defect candidates thus extracted; and output means for
outputting therethrough the information relating to the .
true defect thus dertected.

12, A pattern inspection system according to claim
11, wherein said defect candidate extracting means
includes: difference image extracting units for
extracting difference images between the digital image
signals of the notice point and the reference image
signals of comparison points, corresponding to the
notice point, of the plurality of patterns which should
be essentially the same as the pattern of the notice
point; and a defect candidate extracting unit for -
comparing the difference images which have been
extracted by said difference image extracting units with

a preset value to extract the defect candidates.




i mge signals of a plurality of conparison points located at predetern ned
" pit'’ches which are integral multiples of the repetitive pitches in the X
direction and in the Y direction in order to extract the imge signals
representing the differences (difference 'gage si gnal s) between the
digital image signals of the notice poin gE? tge digital |nage_ngnaIs of
the pluralit TH'S S HAS 55 2 co .SON .poi nt s,

def egt candi ée%?fe' ext rac'ltzl:zﬁ;gl‘:1l neanfl;’fﬁlt}rpﬁgtsldﬁ&ac'??sﬁtgemdéaf e_cotalrdcle{‘rﬁji%atcgsal&h t he
basis of the ﬂﬂ}ﬂﬁﬁéﬂéﬁﬂﬁséﬂaf&gggg%adé@gﬁ%fﬂéﬂﬁﬂéhg%ﬂé?l{ﬁ%?zQfen _
extracted by said difference image extracting means; and defect extracting
means for extrfeature adanis defeciradtiong tdel tledf@c teoandd Wi se ot e have
been extracted by said defect candidates extracting neans. 15. A pattern

i nspection sysiuemtdddeiofy the defient ehndidatess wiaiich defwctbet racting
means detects, as the true defect, the defect candidate in the case where
the defect c&xdirgsated fby rﬂaeircbsieﬁmtcrcamisilm aaﬁirraﬂt;t;ietb h%eargm;i cardef ect
candi date extracting means occurs irregularly on the object to be _

i nspected. 162 ﬂeﬁﬁ%cteﬁ%‘qrr?scﬁéd”tg o iy stam drtantding & cieidafel®, atherein

said differen | rage extracting nmeans includes storage neans for storing

therein the di% & Dasy tg’\""g;;rf:'%las“ﬂ:fe LU @@ i draidafe et gorrparl son

points in the ~di_nensi onal, digital imge sign whi ch have been

obt ai ned thr oﬁé\ﬁﬁtlhea E/SDwg’olrﬁ;‘eSEq’oen%ﬁF“ CHE by L A
quantity extracting unit.

14. A pattern inspection system comprising: image
signal detecting means for detecting the physical
quantities of an object to be inspected, in which a
repetitive pattern is formed, in the form of two-
dimensional image signals; A/D conversion means for
converting the two-dimensional image signals which have
been detected by said image signal detecting means into
two-dimensional image signals; difference image
extracting means for comparing the digital image signals
of a notice point in the two-dimensional digital image
signals which have been obtained through the A/D
conversion by said A/D conversion means with the digital
image signals of a plurality of comparison points
located at predetermined pitches which are integral
multiples of the repetitive pitches in the X direction
and in the Y direction in order to extract the image
signals representing the differences (difference image
signals) between the digital image signals of the notice

point and the digital image signals of the plurality of
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sai d A/D conversion neans. 17. A pattern inspection system according to
cld@ m 15, wherein said defect extracting nmeans includes feature quantity
extracting means for extracting the feature quantities of the defects from
the defect candidates. TH S SHEET REPLAGZD BEEN REPLA

comparison points; defect candidate extracting means for
extracting defect candidates on the baéis of the
plurality of difference image signals which have been
extracted by said difference image extracting means; and
defect extracting means for extracting a true defect
from the defect candidates which have been extracted by
said defect candidates extracting means.

15. A pattern inspection system according to claim
14, wherein said defect extracting means detects, as the
true defect, the defect candidate in the case where the
defect candidate if interest which has been extracted by
said defect candidate extracting means occurs
irregularly on the object to be inspected.

l6. A pattern inspection system according to claim
15, wherein said difference image extracting means
includes storage means for storing therein the digital
image signals of at least the plurality of comparison
points in the two-dimensional digital image signals
which have been obtained through the A/D conversion by
said A/D conversion means.

17. A patternlinspection system according to claim
15, wherein said defect extracting means includes
feature quantity extracting means for extracting the
feature quantities of the defects from the defect

candidates.




