A Method and a Systemfor Creating a Reference |Imge using unknown quality

patterns .

field of

creating reference image of a pattern. BACKGROUND OF THE | NVENTI ON

Automati c opi cEle t RERGCHION TYSERPELUSA fBge Presessifng and dedicat ed
a

FI ELD OF THE | NVENTI ON The present invention relates to the

wotoemksssoopt i cal i nspection systens and net hogsT/IMM0&001006
specifically, the present invention relates to a nethod and system for

algorithns to inspect patterns th are located on a surface. The present
invention relates to this area and particularly for inspection of circles

on a PCB &r Redeenceaf Emageordering rendgnomne anabyzetand classify
Commonly, a reference image of a die is used to inspect the

def ect s.

on-waf er dice by conparison each diewith a reference image of the die.
reference pgkterns.
5 FIELD OF THE INVENTION

10

15

20

The present invention relates to the field of
automatic optical inspection systems and methods.
More specifically, the present invention relates
to a method and system for creating reference

image of a pattern.

BACKGROUND OF THE INVENTION

Automatic optical inspection systems use image
proceésing and dedicated algorithms to inspect
patterns that are located on a surface. The
present invention relates to this area and
particularly for inspection of circles on a PCB
or dice on a wafer in order to recognize, analyze

and classify defects.

Commonly, a reference image of a die is used to

inspect the on-wafer dice by comparison each die

Thi s



image is acquired fromthe wafer, which unfortunately has production

resi dues. |Indeed, correction nmethods and techni ques are used to achi eve
better relenemmecicoage but some of residues are still recainede/endos
interfere the inspection process. The present invention provides a nethod
and a systemthat enables to achieve a clean reference inmage from unknown

qual ity giee s | Fages, oRECh yepe asauited diem arneal wakaownesal ity
maffr. f fl_ ?ﬁ?ﬁéﬁ%ﬁﬁfhe present invention is a nethod and a
systemfor creating a reference i mage-nodel,_for inspecting patterns on a
surface, imagiul pasti c@GAPYLRSH irﬁ%@ﬁ‘tioﬁ%@ di BEEE b valBr G
repeatabl e circles on PCB. According to the teachings of the present
i nvent i opntereuhatyoyi dedsa netbdhdio: opr epse s hgue pat t éndesd,
reference-nodel to be usedfor automati c i nspection of surface that includes
correction methods and techniques are used to
5 achieve ©better reference image but some of
residues are still remained and interfere the

inspection process.

The present invention provides a method and a
10 system that enables to achieve a clean reference
image from unknown quality dice’s images, which

were acquired from a real unknown quality wafer.

SUMMARY OF THE INVENTION

15 The present invention is a method and a
system for creating a reference image-model for
inspecting patterns on a surface, useful
particularly for inspection of dice on a wafer or
repeatable circles on PCB.

20

According to the teachings of the present
invention there is ©provided a method for

preparing a pattern’s reference-model to be used



a plurality such pattern, this nmethod conprising: acquiring inmages of a
plurality of the pattern; "aligning all of the imges, in a commn

coor di natwogyst®egeo correcting the inmages; and creatingpaTneioes/enoe node
i mage, wherein each pixel in the created reference-nodel image is nade by
choosing the best pixel of the same |ocated and same coincident pixel of
these i nxges avicomadiing i ospethepraspéciswifare praéntin@lE/ES DN the
met hod is al so provided wherein the pattern is a die, the surface is a
wafer and Lie i f EENCE: CRglad EolRde 0K o REPERbINCdhpe fanimgual er
Accordi ng T0 another aspect “of the present invention the nmethod is also
provi ded wherein thei mages' correction includ %jgeone r%&&écorrection

" acquiring images of a plura Yy O
pattern;
5 "aligning all of the images, in a common

coordinate system;
" correcting the images; and
= creating a reference-model image,
wherein each pixel 1n the created
10 reference-model image is made by
choosing the best pixel of the same
located and same coincident pixel of

these images.

15 According to another aspect of the present
invention the method is also provided wherein the
pattern is a die, the surface is a wafer and the
reference-model is made for inspecting dice on a
wafer.

20

According to another aspect of the present

invention the method is also provided wherein the



that optionally includes shift, rotation, scale, shrink, local distortion
or any other geonetrical-correction and radi o-netrical correction of the
gray | evaevoahomaseisopi xel by using plurality of well KknowmoTHED06)@UE.
Accordi ng to another aspect of the present invention the nethod is al so
provi ded wherein the choice of each pixel for creating the referencenode

i mage i nghygesstrhe fOUd%E@Qt%kﬁPS3 Galbeaddw the gobpeitdentagpixels in
sanme | ocation fromeach of i mages; sortlng the col lected plxels by gray

| evel val ue choosing a plxel fro he | ar t |xelsclus in the

sort d|$§¥ﬁ65??gﬂ-]%ccoxﬁ%% gﬁ asbg%iL $ﬁ§ neﬁﬂ%ﬁ s al so

provi ded wherein a cluster is deflned as a group of pixels' values that the

di st ancebsitvetnocepchsafales mEmbenk,s dwaldkr dieboatpremetosr nangd val ue.
other geometrical-correction and radio-metrical-

5 correction of the gray level of each pixel by

using plurality of well known technique.

According to another aspect of the present
invention the method is also provided wherein the
10 choice of each pixel for creating the reference-
model image includes the following steps:
"= collecting the coincident pixels 1in same
location from each of images;
= sorting the collected pixels by gray level
15 value; and
® choosing a pixel from the largest pixels-

cluster in the sort distribution.

According to yet another aspect, the method
20 1is also provided wherein a cluster is defined as

a group of pixels’ values that the distance



Mor eover, the nethod is al so provided wherein the chosen pixel is the

medi an pi xel of the | argest pixels-cluster. According to another aspect,

t he nment iwoedommsidsod further includes additional cal cul attan2deodieosst or ed

correspondi ng to each pixel for use with the inspection algorithns, these

cal cul ations are: finding the nmedian of the |largest cluster; finding MN
val ue of haewerdst @aahd appl yitiy dnewbeler et osmaxd &er nehasr any ot her

M n-Max kernel to find the MN of gray level from pixels covered by kernel

; and figwhdetMvhvabee wiltlee cluster and applying cross kernel or 3x3
kernel or any other M n-Max kernel to find the MAX of gray |evel from

pi xel s covered by kernel.According to another sequence of the provided
met hod is further includes the step, before creating reference-nodel inage:

Moreover, the method is also provided wherein
5 the chosen pixel 1is the median pixel of the

largest pixels-cluster.

According to another aspect, the mentioned
method further includes additional calculation to
10 be stored corresponding to each pixel for use
with the inspection algorithms, these
calculations are:
» finding the median of the largest cluster;
= finding MIN value of the <cluster and
15 applying cross kernel or 3x3 kernel or any
other Min-Max kernel to find the MIN of gray
level from pixels covered by kernel ; and
" finding MAX value of the <cluster and
applying cross kernel or 3x3 kernel or any
20 other Min-Max kernel to find the MAX of gray

level from pixels covered by kernel.



appl yi ng one of the M n-Max kernel on all pixels of the inmges. According
to the mentioned sequence, the provided nmethod is further includes

addi ti onavocadmubmbi on to be stored corresponding each picrai2deooluee with
the inspection algorithns, these calculations are: finding the nedian of
the largest cluster; finding MN value of the cluster ; and finding MAX

val ue of the cluster. According.to angther aspectqoff i nvention
it is provi de%lcg_ : réﬂn&d? %Pg&t}?]ﬁgsg%%??gz%n'csg rgfé;(ra%ﬁégﬁ%ceil to be
used for automatic inspection of surface that includes such patterns, this
system coepticd ng:id mafiumgevi cé ndandespt utde® | nB§eP of PRAKAFPLy of the
patters; dedicated software that uses dedicated algorithms to correct and
align the capt yngd JIBGEEn Mnodel image:

» applying one of the Min-Max kernel on all

5 pixels of the images.

According to the mentioned sequence, the
provided method is further includes additional
calculation to be stored corresponding each pixel

10 for use with the inspection algorithms, these
calculations are:
» finding the median of the largest cluster;
= finding MIN»value bf the cluster ; and
= finding MAX value of the cluster.
15

According to another aspect of the present
invention it is provided a system for preparing a
pattern’s reference-model to be used for
automatic inspection of surface that includes

20 such patterns, this system comprising:
» imaging device that captured images of

plurality of the patters;



a controller operative for: o collecting the sane |ocated and sane

coi nci dent pixel of each of the imges; o collecting the same |ocated and
sanme coi nwodesozpseiel of each of the images; o choosi ngpcaacmoeingod o
predetermned criteria, one of the collected pixels; o creating a new image
wi th sane di nensions as the captured images and | ocating the chosen pixel

in the sameqplace, conr espRNpgrlo { imptaceyaled he aobilietteddpi xels in the
g

?Ligin inaggs; 0 repeathn e process as defined above for each pixel of
e captured_inmages; and o providin he new created i mage a reference
model for |apedt:HEMENe Eé?ttercr?.r]?ﬁégf‘}rdi G o Qa]p]r%flerred EhGodi ment of
the present invention, the systemis provided wherein the controller is
further opegapituerédr ietwpssng gmael s fromthe collected pixels by the way

of sorting the collected pixels by gray |evel value
® g controller operative for:

o collecting the same located and same
coincident pixel of each of the images;

o collecting the same located and same
coincident pixel of each of the images;

o choosing, according to predetermined

10 criteria, one of the collected pixels;

o creating a new image with same dimensions as
the captured images and locating the chosen pixel
in the same place corresponding to the place of
the collected pixels in the origin images;

1% repeﬁting' the process as defined above for
each pixel of the captured images; and

o providing the new created image as a

reference model for inspecting the pattern.

20 According to a preferred embodiment of the
present invention, the system is provided wherein
the controller is further operative for choosing

pixels from the collected pixels by the way of



and choosing a pixel of the largest pixelscluster of the sorting

di stribution. According to another preferred embodi nent of the present

i nvent i onwotzher/eysbem i s provided wherein the chosen pi relr/iLmos/bEosedi an
pi xel of the |argest pixels-cluster. According to another preferred
enbodi nent of the present invention, the systemis provided wherein the

cluster is defined.as a up.of . pi S. .V e t %Rﬁz i bet ween
each of POF e?dﬁ ﬁﬂf@gg%%nbé%?]eae?&e&?mg%te vélLI ue.ﬁA?E:or |8ng to yet
anot her preferred enbodi nent of the present invention, the systemis

provi dedawmtter echoutsel mgnt pol I@kxPd. f WEhekhsperheir@eFor Rddietonal
cal cul ations to be stored correspondi ng each pixel for use with the

i nspecti g’hﬂé@ﬁ&i ¥y hEhessreahep! @t bens i eioki nding and storing the
medi an of the [argest cluster; fi'nding and storing MN val ue of the cluster

5 According to another preferred embodiment of
the present invention, the system 1is provided
wherein the chosen pixel is the median pixel of

the largest pixels-cluster.

10 According to another preferred embodiment of
the present invention, the system is provided
wherein the cluster is defined as a group of
pixels’ values that-the distance between each of
its member is smaller than a predetermined value.

15

According to yet another preferred embodiment
of the present invention, the system is provided
wherein the controller is further operative for
additional calculations to be stored

20 corresponding each pixel for use with the

inspection algorithms, these calculations are:



; and finding and storing MAX value of the cluster. BRI EF DESCRI PTI ON OF
THE FI GURES The invention is herein described, by way of exanple only, with
r ef er encewbodteézmoconpanyi ng drawi ngs. Wth specific reCenemnogooow to the
drawings in detail, it is stressed that the particulars shown are by way of
exanple and for purposes of illustrative discussion of the preferred
enbodi memt s fdindhagpr esaot | sveatirom otlyes ambdierpr esdnt edhien the cause
gf provi ding what is believed to be the nost useful and readily understood
escription-aqf prisnci . and conceptual aspects of the invention. In
this regard}%ﬁﬁﬁggFeé%pg%ggﬁgde to show structural details of the invention
in nore’'detail than is necessary for a fundanmental understanding of the
i nventi oM, ttHerdiesor igndostakehng MINhyadraei pds HaRi iyl @pp&tent to those

; and
5 = finding and storing MAX value of the

cluster.

BRIEF DESCRIPTION OF THE FIGURES

The invention i1s herein described, by way of

example only, with reference to the accompanying

10 drawings. With specific reference now to the
drawings in detail, it 1is stressed that the
particulars shown are by way of example and for
purposes of illustrative discussion of the
preferred embodiments of the present invention

15 only, and are ©presented in the cause of
providing what is believed to be the most useful

and readily understood description of the
principles and conceptual aspects of the
invention. In this regard, no attempt is made

20 to show structural details of the invention in
more detail than is necessary for a fundamental

understanding of the invention, the description



skilled in the art how the several fornms of the invention may be enbodied
in practice. In the figures: Figure 1 illustrates a flow chart of the

nmet hod acwordemgeiso the present invention. Figure 2 ill wetrneteesoding pixel' s
choosing method. Figure 3 and 4 illustrate the cross-kernel and 3x3 kernel,
and exanple of M n-Max operation. Figure 5 illustrates the difference

bet ween a reference.i e that was acquir.ed fromthe f ref erence
i mage of 1f—ﬁge@an‘félgil"erT1’!fa]ﬁ§t TR Gt By 1Y ng | rﬁ&\gﬁoﬁgoiﬁd%%epresent
i nvention. DESCRI PTI ON OF THE PREFERED EMBODI MENTS The present invention is

a met hod ghdl1d sgstiem the carét imgwa et erceceradagéompdel offort Rfspecti ng
patterns on a surface, useful particularly for inspection of dice on a

waf er. Usual Ly, i efer t;b%gﬁnf)éd%réd MPROYS £FRge Of a die that was

i nproved By uUSing corr

In the figures:

5 Pigure 1 illustrates a flow chart of the method
according to the present invention.
Figure 2 illustrates the pixel’s choosing method.
Figure 3 and 4 illustrate the cross-kernel and
3x3 kernel, and example of Min-Max operation.

10 Figure 5 dillustrates the difference between a
reference image that was acquired from the wafer
and a reference image of the same die that

“designed” by using the method of the present

invention.
15
DESCRIPTION OF THE PREFERED EMBODIMENTS
The present invention is a method and a
system for creating a reference image-model for
20 inspecting patterns on a surface, useful

particularly for inspection of dice on a wafer.

10



techni ques and algorithns . The present invention provides, actually, a
nmet hod and a .systemto design a reference inmage. The designation is done
by choosiwg 206m02bmst pi xel fromthe appropriate pixels eCraemwesedioserage of
sane pattern. Mreover, the nethod and the system are cal cul ati ng and
storing values that can be used by the inspection algorithns . The

princi pl es and sapei atji,onreff cren cet Hotk gad itheasy sitgpravest dingdge t he
present invention nay be better understood with reference to the draw ng

and the onpapying ription: f iin o] e LAg,: fekgure 1
iIIustra?gg gpfp%ﬁ?cﬁggffOFR%Eenﬁgﬁﬁggh%%cg?giﬁ%éggk?hgggggiggﬁjﬁ%gention
| mrages of N patterns are acquired 2 r 2 r _f / . Starting fromthe first

pi xel of t@ehNigalRs amNdold LEPIrad Mg - col At dRRESHKel NVENEIOT| xel 22a
fromthefirst image 1 , second pixel lib fromthe second inage 2 and so on
until thetastideixel Hcrdddmy, a method and a system to

5 design a reference image. The designation is done
by choosing the best pixel from the appropriate

pixels of several image of same pattern.

Moreover, the method and the system are

10 calculating and storing values that can be used
by the inspection algorithms.

The principles and operation of the method

and the system according to the present invention

may be better understood with reference to the

15 drawing and the accompanying description.

Referring now to the drawing, Figure 1
illustrates a flow chart of the method according

to the present invention. Images of N patterns

20 are acquired 1, 2, , , N. Starting from the

first pixel of each image and collecting the

coincident pixels - first pixel 1la from  the

11



the last inmage N. All these pixels are fromthe sanme |ocation - e.g., from
the bottom |l eft corned of the image (or Xl Yl coordination) . According to a
er mvoadomnsiseri a, selecting 13 the best pixel of theaeweblieat ed

pr edet

pi xel s,

pi xel

nmedi an
i mge
| ocat i
left c

col l ecte
12 in the neM/lnage

10
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fron1the nost significant cluster of the distribution e.g.,

RO LATHE aNRBRedtp (PCRTE | B eTbhadehDl T RE Nl e

for exanple sorting the pixels by gray |evel value and choosing a

t he
ence
t he same

on as the location of the collected pixels (e.g., fromthe bottom

or n the g h e or h | and a
new i mage(?‘%eé)é é] gw tgé gOEE Eih@@% ﬁ“{n% %I% pI xgﬁ%ﬁg lg?i(:)mf :drfdsat i mge 1
, 12b fron1second |nage 2 and so on until 12n from|last inmage - are

same location - e.g., from the bottom left corned

of the image (or X1Yl coordination). According to
a predetermined criteria, selecting 13 the best
pixel of these c¢collected pixels, for example

sorting the pixels by gray level value and

choosing a pixel from the most significant

cluster of the distribution e.g

pixel.

The selected pixel 11 is used to design a

new reference image Ref. The selected pixel 11 is

embedded in the new image in the same location as
the location of the collected pixels (e.g., from
the bottom left corned of the image). The same

process 1s done for each pixel and a new image

Ref. Is built e.g., the coincident pixels 12a
from first image 1, 12b from second image 2 and

so on until 12n from last image -~ are collected

12

., the median

trkeg@ze' szvse'zefie@tr%és@ndpi%qtsedalﬁé t e P Reiddent pl ace



the process in finished, a clean reference i magenodel Ref. Is provided.

Figure 2 illustrates the pixel
7 ) accorwongotmemscendi ng gray | evel

bi ggest)

sone sel
| evel di

1.5) Figure 3 and 4 i

The nei ghbor pixels information is useful in the inspection
tHe applogegscigssfkeimdred, Figurdenn sBER RERGEnf BRAEE on

ker nel .
process.

s choosing nethod. Ordering 14 pixels (1 to
values (1 is the sowhimséonioss the

. Clustering 15 of pixels according to gray |evel distance between
the pixels [ D= GRixel (i) -Glixel (i-1) ] where i indicates sanple index.

A sub %n@téhel%falt%%r@aﬁgd Su &he ol sIBeengr ltcthacl Ghwheke Cis
ected factor) . Both D and C are depited as D1 7 in based on gray
stance between plxels [ D= GPixel (i) -GPixel (i-1) ] where i

i ndi cat e@@ﬁm@weﬁm@eﬁl@nﬂecm i aclestranceiveight RefLfi<ivwherC ( e.g. =

ustrate the results of applying cross-kernel

regardi ng four neighbors 19 and by

10

15

20

model Ref. Is provided.

Figure 2 illustrates the pixel’s choosing
method. Ordering 14 pixels (1 to 7) according to
ascending gray level values (1 i1s the smallest 7
is the Dbiggest). Clustering 15 of ©pixels
accbrding to gray level distance between the
pixels [ D= GPixel (i) -GPixel(i-1)] where 1
indicates sample index.. A sub cluster 16 value
based on the distance criteria D*C (where C 1is
some selected factor). Both D and C are depited
as D 17 in based on gray level distance between
pixels [ D= GPixel (1) -GPixel(i-1)] where 1
indicates sample index and C 18 is a distance
weight coefficient C ( e.g. = 1.5)

Figure 3 and 4 illustrate the results of applying
cross—kernel and 3x3 kernel. The neighbor pixels
information is useful in the inspection process.

By applying cross-kernel - Figure 3 - obtaining

13

and 3x3



appl ying 3x3 kernel - Figure 4 - obtaining information regardi ng nine

nei ghbors 20. Figure 5 illustrates the difference between a reference inmage
t hat was woquemeesshr om t he wafer and a reference i nage ettibmoseamodi e t hat
"desi gned” by using the nethod of the present invention. The reference

i mage that was acquired fromthe wafer 2 1 suffers fromdefects and stains
22 and on the other hand the designed reference imge is ¢clean and

si gni fi camfqrpatianf gregarserdc fasgechiedrohrtfough”t eNAnvBiti on has
been described in conjunction with specific enbodi nents thereof, it is

evi dent that, nmany aliternat,ves, -nmodificat] ang vari apj : Ak be
apparenta§%1%¥6§é.sk%ﬁ?ed:$%gﬁﬁg‘art, ggkgﬁg?%glg, it iéb?%%gﬁ%éb to
enbrace all such alternatives, nodifications and vari ati ons that fal

\l/viSt hin t heBprnbt iand breptrddope mf nthereppbideds c24 ns. WHAT | S CLAI MED

Figure 5 illustrates the difference between a

5 reference image that was acquired from the wafer
and a reference image of the same die that
“designed” by using the method of the present

invention. The reference image that was acquired

from the wafer 21 suffers from defects and stains
10 22 and on the other hand the designed reference

image 23 is clean and significantly better for

automatic inspection.

Although the invention has been described in

15 conjunction with specific embodiments thereof, it
is evident'that many alternatives, modifications

and variations will be apparent to those skilled

in the art, accordingly, it 1s intended to
embrace all such alternatives, modifications and

20 variations that fall within the spirit and broad

scope of the appended claims.

14



1. Anmethod for preparing a pattern's referencenodel to be used for
automatic inspection of surface that includes a plurality such pattern,
sai d net hwo 200mpe368i Ng: acquiring i mages of a pluralitycofiLmas/oo10esk nown
quality pattern; aligning all of said inmages, in a comon coordinate
system correcting said imges; and creating a reference-nodel inmage,

wher ei n ﬁggi Ztg CE éﬁ/kgr epged reference-nodel inege is made by

choosi ng | ocat ed and sane coi nci dent pixel of
sai d i mages. p2 j ,\@Pg i fﬁﬁ jS~a2 unknown
quality di'e, Asarp%lggg)r a?%q?sﬁg:e%affeghgndas [ dﬁr:g er e%cg?énﬁﬁglgqése made for

inspecting dice on a wafer. 3 . The nethod of claiml1l , wherein said
Hn£e§ J model to be used for automatic inspect{on 5f

surface that includes a plurality such

pattern, said method comprising:

" acquiring images of a plurality of said
unknown quality pattern;

* aligning all of said images, 1in a common
coordinate system;

= correcting said images; and

" creating a reference-model image, wherein
each pixel in said created reference-model
image 1is made by choosing the best pixel of
the same located and same coincident pixel

of said images.

2. The method of claim 1, wherein said pattern is
a unknown quality die, said surface is a wafer
and said reference-model is made for

inspecting dice on a wafer.

3. The method of claim 1, wherein said images’
correction includes geometrical-correction

that optionally includes shift, rotation,

15



correction includes geonetrical-correction that optionally includes shift,
rotation,scale, shrink, local distortion or any other

geonet ri cwb-200mmexwmbi on and radi o-netrical correcti on of thengreayodiesel of
each pixel by using plurality of well known technique. 4 . The nethod of
claim1 , wherein the choice of each said pixel for creating said

ref erencenodgkalmge dneliudes tihechdl | @ik st £ps: ool hegt | Be s d
coi nci dent pixels in sane |ocation fromeach of said inages; sorting said
evel

col l ected pixels by gray. | val ue; and __choosin oi xel _f.rom t he
| ar gest pixe9$6PH§¥£3q SEP&I§3$#18F§tri5H1 on.:%gq%fﬁén%%Fﬁ6ﬁﬁgf claim4
, Wherein said cluster is defined as a group of pixels' values that the
di stance bet seerreathast offs BeebaIray shavedr ohareachr adexednilmgd val ue.
6 . The nethod of claim4 , wherein said chosen
using plurality of well known technique.
4. The method of claim 1, wherein the choice of
each said pixel for creating said reference-
model image includes the following steps:
" collecting said coincident pixels in same
location from each of said images;
" sorting said collected pixels by gray level
value; and

® choosing a pixel from the largest pixels-

cluster in said sort distribution.

5. The method of claim 4, wherein said cluster is
defined as a group of pixels’ values that the
distance between each of its member is smaller

than a predetermined wvalue.
6. The method of claim 4, wherein said chosen

pixel 1s the median pixel of said largest

pixels-cluster.

16



pi xel is the nedian pixel of said |argest pixel s-cluster.. The nethod of
claim4 , further includes additional calculation to be stored

corr esponstongormexmach pi xel for use with the inspectionpalrgnzooéomes sai d
calculations are: finding the nedian of said |argest cluster; finding MN
val ue of said cluster and applying cross kernel or 3x3 kernel or any other

M- Max kernalnd o tiddabhe MY ofcgsay | eyel feommiael s £auaipilby kernel

and finding e of said uster and applying cross kernel or 3x3
kernel or any other Mn-Max kernel to find the MAX of gray |evel from
pi xel s cover 8ddbytkeniel . 8 CapeuksiHg of cl%®m 1 ©F urt héEA%RAudes the
step, before creating reference-nodel inmage: applying one of the M n-Max

ikﬁ(rzlnﬁldegn al capt xekpoafdsagd toagesch9 pikke meidwd ude clwal th8 fluet her
inspection algorithms, said calculations are:

» finding the median of said largest cluster;

" finding MIN wvalue of said cluster and
applying cross kernel or 3x3 kernel or any
other Min-Max kernel to find the MIN of gray
level from pixels covered by kernel ; and

» finding MAX value of said cluster and
applying cross kernel or 3x3 kernel or any

other Min-Max kernel to find the MAX of gray

level from pixels covered by kernel.

8. The method of claim 1, further includes the
step, before creating reference-model image:

" applying one of the Min-Max kernel on all

pixels of said images.

9. The method of c¢laim 8, further includes
additional calculation to be stored
corresponding each pixel for wuse with the

inspection algorithms, said calculations are:

17



additional calculation to be stored correspondi ng each pixel for use with
the inspection algorithns, said calculations are: finding the nedian of

sai d | ar geetzoeiwzsicer; finding MN val ue of said clustercriends/nodibesdi ng MAX
val ue of said cluster. 10. A systemfor preparing a pattern's
referencenodel to be used for automatic inspection of surface that includes

such patterns, sahd;4 t@HEcgﬁyg' WNgs ¢ i i dew hat pt ured i mages
of plurality of saﬁé§%§tters; d%%?cg¥%dé§%gﬁgg?eeﬁﬁg$ %sggﬂ%%dfcated
algorithnms to correct and_align said captured jmages; and a controller
operative fo fladinectMhY teldan® il ozaied ahdsssee torié dent pixel of

each of said inmages; o choosing, according to predetermned criteria, one
of said collactedhgh¥®} MAX value of said cluster.

10.A system for preparing a pattern’s reference-
model to be used for automatic inspection of
surface that includes such patterns, said
system comprising:

" imaging device that <captured 1images of
plurality of said patters;

" dedicated software that uses dedicated
algorithms to correct and align said
captured images; and

" a controller operative for:

o collecting the same located and same
coincident pixel of each of said images;

o choosing, according to predetermined
criteria, one of said collected pixels;

0 creating a new image with same dimensions
as saild captured images and locating said

chosen pixel in the same place
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0 creating a new inmage with sane di nensions as said captured i mages and

| ocati ng said chosen pixel he sar
sai d col lwotzear/q@s3sel s i n the origin inages;

in the sane pl acecorresponding to the place of
0 repeati ngprChaLpOEcESE as

defined above for each pixel of said captured images; and o providing said
new created inmage as a reference nodel for inspecting said pattern.

system of clai m 1@oMheERich$phg control | ekys fgﬂé@% opegat iye; for
choosing pixels fromsaid colleCted pixels by th
col l ected pixels

11. The

way of sorting Said
hoosi ng a pi,xel of the |argest

b ay, |l evel ,val.ue and
pi xel s-cl uster ofdéiiﬁ§5ﬁ¥¥ﬂal§ﬁ%§ibﬂti > 9F1 PSERFof claim 11,

wherein said chosen pixel is the nedian pixel of said | argest pixe

s-cl uster.

11

12.

13.

13. Jheaysatmmyf thai pidcesrerabn daf dneldisdledove for
each pixel of said captured images; and

O providing said new created image as a

reference model for inspecting said

pattern.

. The system of claim 10, wherein said

controller is further operative for choosing
pixels from said collected pixels by the way
of sorting said collected pixels by gray level
value and choosing a pixel of the largest

pixels—-cluster of said sorting distribution.

The system of claim 11, wherein said chosen
pixel 1is the median pixel of said largest

pixels-cluster.

The system of claim 11, wherein said cluster
is defined as a group of pixels’ wvalues that
the distance between each of its member is

smaller than a predetermined value.
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is defined as a group of pixels' values that the distance between each of
its menber is smaller than a predeterm ned value.4 . The systemof claim 11,
wher ei n swdaoemntseol | er is further operative for additi egaiiLmaé/eubet i ons to
be stored correspondi ng each pixel for use with the inspection algorithns,
said calculations are: finding and storing the nedian of said | argest
cluster; finding and storing MN value of said cluster ; and finding and
storing MAX val ue of said cluster.

14. The system of claim 11, wherein  said
controller is further operative for additional
calculations to be stored corresponding each
pixel for use with the inspection algorithms,
said calculations are:

» finding and stdring the median of said
largest cluster;

* finding and storing MIN value of said
cluster ; and

» finding and storing MAX value of said

cluster.
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