WO 20071026360 PCT/ L2006/ 001006 A Method and a Systemfor Creating a

Ref erence | mage using unknown quality patterns. 5 FIELD OF THE | NVENTI ON
The present invention relates to the field of automatic optical inspection
systens angvombheeso Mre specifically, the present i pggfibbdofosd ates to
a method and systemfor creating reference 10 inage of a pattern. _
BACKGROUND OF THE | NVENTI ON Aut omati c optical inspection systens use imge
15 processing @nmed@ldb@tgﬁcplgors'ygqf@moifldy_spggeaggtﬁ@rn_s that are

| ocated on a surf-ace. The present” invention relates to"this area and
particul arl or_inspectiqon of circles on a PCB or dice on a wafer in
order to r oéﬁ@%}f%ﬁyz—[éna% W8 Indsmngraciatdnipnl y, a reference
image of a die is used to inspect the on-wafer dice by conparison each die
1 WD 2007/ 026360 PCT/ILZOOGIOQ%ggéeIﬂﬁéh a reference image of the die. This
reference

5 FIELD OF THE INVENTION

The bresent 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

10 image of a pattern.

BACKGROUND OF THE INVENTION

Automatic optical inspection systems use image

15 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

20 and classify defects.

Commonly, a reference image of a die is used to

inspect the on-wafer dice by comparison each die
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i nspection of surface that includes

correction methods and techniques are used to
achieve Dbetter reference image but some of
residues are still remained and interfere the

inspection process.

The present invention provides a method and a-

system that enables to achieve a clean reference
image from unknown gquality dice’s images, which

were acquired from a real unknown quality wafer.

SUMMARY OF THE INVENTION

The present invention 1is a method and a
system for creating a reference image-model for
inspecting patterns on a sﬁrface, useful
particularly for inspection of dice on a wafer or

repeatable circles on PCB.

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

preparing a pattern’s reference-model to be used

r for



a plurality such pattern, this nmethod conprising: “acquiring inmages of a
plurality of the pattern; 5 "aligning all of the inages, in a common
coordi nate systenm “correcting the inages; and " creating a reference-node
i mge, WwWheieiogr/Rassh pi xel in the created 10 referenceermdesobig®ge i s nmade
by choosing the best pixel of the sane |ocated and sane coi nci dent pixel

of these inmages. 15 According to another aspect of the present invention
t he met hofioirs saltsomptavi detspketdon tdie spafesih FBak d€ludRSsurface is a
wafer and the reference-nodel is nmade for inspecting dice on a wafer. 20
Accordi ngat glap hetyaseei wittbenpr edeind menhend icomphesieghod is al so

provi ded whéerein thes 3 WO 2007/026360 PCT/ EL2006/ 001006 i mages
CorreCtionirE%%%%ﬁf%%@EEHéggé of a plurality of the
pattern;
5 ®"aligning all of the images, in a common
coordinate system;
» correcting the images; and
= creating a reference-model image,
wherein each pixel in the created
10 reference-model image 1s 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



correction that optionally includes shift, rotation, scale, shrink, |ocal
distortion or any other geonetrical-correction and radi o-netrical 5
correction of the gray |evel of each pixel by wusing plurality of well

known t echmwgnreerosfocordi ng to anot her aspect of the ppesadbosiotiogt | on t he
method is al so provided wherein the 10 choice of each pixel for creating
the reference- nodel image includes the followi ng steps: ™ collecting the

coi nci dentiphyelss in sagerdd@ciabhon freBraghsof | rpessetig@ld ng the
col |l ected pixels by gray level 15 value; and ™ choosing a pixel fromthe

| ar gest pi - yster | he » (i L,but iz rdi - yet anot her
aspect, théS%%Fﬁ§%H§%0 i%ﬂgkso Sgﬁévﬁéﬁii ereﬂ%ﬂ%;éﬁégterggg €fined as a

group of pixels', values that the . distapnce _4 0071026360
PCWIL2006¥Qg§%@§n¢m§ reat n&nhdgfﬁgﬁ&ﬂg¥%%§ﬁQ4Qﬂ PRaRTyY
predeterm ned val ue. Mreover, the nethod is al so provided wherein
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 in 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’” wvalues that the distance



5 the chosen pixel is the nedian pixel of the |argest pixels-cluster.
According to another aspect, the nentioned nethod further includes
additional calculation to 10 be stored corresponding to each pixel for use
wi th the i papeeddesoal gorithns, these cal cul ati ons ars¢rfibgsaehong t he
medi an of the largest cluster; ~ finding MN value of the cluster and 15
appl ying cross kernel or 3x3 kernel or_any other Mn-Mx kernel to find
the M N of P§EWEEN e@®ACH r 61 pilkled s eevlrsd by kemadiler addhantiadi ng MAX
val ue of the cluster and applying cross kernel or 3x3 kernel or any 20
ot her M n-paedetranahinedf vad uehe MAX of gray |evel from pixels covered by
kernel. 5 WD 2007/026360 PCT/1L2006/ 001006 According to another sequence
of the provided nethod is further includes the step, before creating

ref erence-nodel image: " applying one of the Mn-Max kernel on all 5

pi xel s of the inages. ) ) i
Moreover, the method is also provided wherein

5 the chosen pixel is 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 wvalue 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.



According to the nentioned sequence, the provided nethod is further

i ncludes additional calculation to be stored correspondi ng each pixel 10
for use with the inspection algorithns, these calculations are: " finding
the nedi anw@f 200hRedstr gest cluster; ~ finding MN val upcpiiaéde@osedeust er ;
and * finding MAX value of the cluster. 15 According to another aspect of
the present invention it is provided a systemfor preparing a pattern's

r ef er ence- node be used far u o ecki t hat
includes 20 s 89%ﬁ§1 g oéh PP%%Q@O%%%? SE % |ﬁ§y?%§é§evice t hat
captured i nages of plurallty of the patters; WD, 20071

26
PCT/ | L2006/001006 iR ~ Heathared i tvders tH'fRe usége&i’edl ?gﬂreal gorit hms

to correct and align the captured inmages; and ~ a controller operative
for: creating reference-model 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;
. fiﬁding MIN-value éf thé 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;



56 collecting the same |ocated and same coincident pixel of each of the

i mages; o collecting the sane |ocated and sane coincident pixel of each of
the images; o choosing, according to predeternmned 10 criteria, one of the
col | ect ed_ WombBieskoCreati ng a new i nage with sane di npesi2nE06%s t he
captuted i mages and | ocating the chosen pixel in the sane place
corresponding to the place of the collected pixels in the origin inmages;

150 repeaninaédyaé%é@essi§§tq%@éuxhﬁ@ﬁye1ugeseaq@e@i&ghea t he captured
i mages; and o providing the new created image as a reference nodel for

i nspecting th attern. 20_Accordin o] ef enbodi t of the
Frefﬁnt i nveﬁﬁid-g%ﬁlfmssysi{’%m icsojf)]r:%%%degalg\éergéljr:]fg?he colﬁﬁl ler is

urther operative for choosing pixels fromthe collected pixels by the way
of 7 WD 2007EiB36ed PCRAdSH062081006 sorting the col l ected pixels by

gray level value and choosing a pixel of the |argest pixels- cluster of
the sorting @i fgnbpbiloer operative for:

% 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, oné 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% repeéting the process as defined above for
each pixel of the captured images; and

o) providing the new created 1image 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



5 According to another preferred enbodi nent of the present

i nvention, the

systemis provided wherein the chosen pixel is the nedian pixel of the
| ar gest pixels-cluster. 10 According to another preferred enbodi nent of
t he presentwo wentison, the systemis provided wherei np¢hR20060G0& | S
defined as a group of pixels' values that the di stance between each of
its menber is smaller than a predeterm ned value. 15 According to yet

anot her pr dj t i ti t t i
rovi ded” SErEid (H CEaT e | BT DY A e MO TS BT

calculations_to pe stored 20 correspondi eac i xel, for.u
i nspect i or?réﬂigo?gf)ﬁr?‘é-,nq hese RBRafEul atqr%nrs]&é?e: Eégﬁﬁ%oﬁbﬁ
PCTI 1 L2006/ 001006 ~ finding and storing the nmedian of the

cluster; “c¥ustengodhdix osOngiMoN disuBibiitilen ¢l ust er
and storing MAX val ue of the

addi ti onal

%gggtrlthe

| ar gest
and 5 ” finding

5 According to another preferred embodiment of

the present invention, the system is 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’ wvalues 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

20 corresponding each pixel for wuse with

stored

the

inspection algorithms, these calculations are:



cluster. BRI EF DESCRI PTION OF THE FI GURES The invention is herein
descri bed, by way of exanple only, with reference to the acconpanying 10

drawi ngs. Wth specific reference nowto the drawings in detail, it is
stressed t has 20bR636par ti cul ars shown are by way of exapl/f6d38oios
purposes of illustrative discussion of the preferred enbodinents of the

present invention 15 only, and are presented in the cause of providing
what is bedi effeddingbe dih@ mesttonised ul thand meddiary uoder sttood descri ption
of the principles and conceptual aspects of the invention. In this

regard, no aq&gﬁ?éstscﬂgg@tg@;to show structural details of the invention
in nore detall Than is necessary for a fundanental understanding of the

i nvention, the description 9 W 2 026360 PCIT/ 112006/ 001006 taken with
the drawi ngs ﬁ’a’k‘&ﬁﬁga ePtOT 618 ¥Ri-FPe® T ntthRe CgTqStf'l%]GV t he several

forns of the invgntion may be enbodied in practice. In the figures:
; an

5 = finding and storing MAX value of the

cluster.

BRIEF DESCRIPTION OF THE FIGURES

The invention is herein described, by way of

example only, with reference to the accompanying

10 drawings. With specific reference now to the
drawings 1in detail, it 1s 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



S Figure 1 illustrates a flow chart of the method according to the present
invention. Figure 2 illustrates the pixel's choosing nethod. Figure 3 and
4 illustrate the cross-kernel and 3x3 kernel, and exanple of M n-Max
pperatlon.“&QwEMgage 5 illustrates the difference betwwennsesh@b®r ence

i mage that was acquired fromthe wafer and a reference inage of the same
die that "designed" by using the nethod of the present invention. 15

DESCRI PTI THE, PREFERED . ENBODI MENTS Th r .nyent. LS a method
and a sys éﬁ??bﬂ”% attify ACFEF-0 %N B8 ﬁﬁéé%ﬁﬁggféP%r%ﬁgdéﬁﬁg%ecting
patterns on a surface, useful particularly for ins ectioq%fngice on a

e

waf er . 1QsWﬂﬂ2b@i/@ZGSE@GP@IFEU?@UGﬁ@EﬂO@%VeE§ﬂaI YLBef & image is an
i nproved i mage of a die that was inproved by using correcting techniques

and al gori tihRmntThenpnesende i avbotiied ijproprdesicactiual |y, a method and a
systemto 5 design a reference image. The designation is done
In the figures:
5 PFigure 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
3%x3 kernel, and example of Min-Max operation.
10 Figure 5 illustrates the difference between a
reférence 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 dinvention 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



by choosing the best pixel fromthe appropriate pixels of several

i mge of

sane pattern. Mreover, the nmethod and the systemare 10 calculating and

storing values that can be used by the inspection algorithnms. The

princi pl eswassbopessat i on of the nethod
present invention

Figure 1
i nvention.

the firstypixel (ofe ea¢hht e ang
first pixel 11la fromthe 11 WO 2087/026360 PCTI M2006/ 001006 first

1, second
11n from

Accor di ng

5

10

15

20

- and the system/aQowndiong to the
may be better understood with reference to the
drawi ng and the acconpanyi ng descri ption.

15

Referring now to the draw ng,

il udiswadiya fiafechace dindade Iet lkod deebededg image he present

| mrages of N patterns 20 are acquired 1, 2,

, » N Starting from
gt iRy tibenccotoeirdertimixel s -

i mage

ixel . h ' : ' | ast pi xel
LU N e T S S S
e.g., fromthe bottomleft rned 5 of the inagﬁb(%% X1YI coorggnation).

P5OVA dredet @FRPAdd Yor i toer iBStREecA {596 R

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
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

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

first pixel of each image and collecting the

coincident pixels - first pixel 1la from the

11



pi xel of these collected pixels, for exanple sorting the pixels by gray

| evel value and choosing a pixel fromthe nost significant 10 cluster of
the distribution e.g., the nmedian pixel. The selected pixel 11 is used to
design a wayooedessence i nage Ref. The sel ected pi xel #driizoosbbroerbedded in
the new image in the same |ocation as the |location of the collected pixels
(e.g., from the bottomleft corned of the imge). The sanme process is

done for e [ d n j e.: Ref. uj e. y nci dent

pi xel s 12af:§gsgr éﬁ‘??gstﬂi nggedwl%%Qgrlomiggo#é&fnm%%e 2%’%% so on until
12n fromlast image - are collected 12 WO 2007/026360 PCT/1L2006/ 001006
and one ofifhhem i2 selieciedohs aneilocaiedlbgtt heixedi iklderfirguhace 12 in
the new i mage Ref. - when the process in finished, a clean reference

i mge- nodel Ref. Is provided. 5 Figure 2 illustrates the pixel's choosing

net hod. Ordeei dpdd pgimages M. t3lY) Hwee dpigeds ageenbrag s | evel

values (1 is the smallest 7
same location - e.g., from the bottom left corned

5 of the image (or X1Y1l coordination). According to
a predetermined criteria, selecting 13 the best
pixel of these c¢ollected pixels, for example
sorting the pixels by gray level wvalue and
choosing a pixel from the most significant

10 cluster of the distribution e.g., the median

pixel.

The selected pixel 11 is used to design a

new reference image Ref. The selected pixel 11 is

15 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 is done for each pixel and a new image

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

so on until 12n from last image ~ are collected

12



is the biggest). Custering 15 of pixels according to gray |evel distance
between the 10 pixels [ D= GPixel (i) -GPixel(i-1)] where i indicates
sanpl e index.. A sub cluster 16 value based on the distance criteria D*C
(where C iwo®momeesel ected factor) . Both D and C are pepibkedooass D 17 in
based on gray |evel distance between 15 pixels [ D= GPixel (i)

-GPixel (i-1)] where i indicates sanple index and C 18 is a distance

wei ght coedfidcbert F (tlkel i3 s&)eftadrd3 and 4Adcddtustir ahe thiee results of
applying cross-kernel and 3x3 kernel. The nei ghbor pixels 20 information

is useful in the inspection process. By applying cross-kernel - Figure 3 -
obt ai ni ng CQ3NPHARINY/ PL8ZE0 An Glopenewl100s9¢ nf@Fat roWhesyar di ng four
nei ghbors 19 and by applying 3x3 kernel - Figure 4 - obtaining

e . . b . 0. Fi : h
:jinf ?;Pgni:gg%%te%?é%%gs giﬁg%ﬁeﬁ%lggﬁ?mée ]Ifj%?ﬂ\r/\gg%aéc%%ﬂl{?%;a r rﬁtﬁe waf er

and a reference iJmge of the sanme die that "designed" by using the nethod
of the preésedel Ref. Is provided.

5 Figure 2 illustrates the pixel’s choosing
method. Ordering 14 pixels (1 to 7) according to
ascending gray level values (1 is the smallest 7
is the biggest). Clustering 15 of pixels
accbrding to gray level distance between the

10 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
15 pixels [ D= GPixel (i) -GPixel (i-1)] where 1
indicates sample index and C 18 is a distance
welght coefficient C ( e.g. = 1.5)
Figure 3 and 4 illustrate the results of applying
cross—-kernel and 3x3 kernel. The neighbor pixels
20 information is useful in the inspection process.

By applying cross-kernel - Figure 3 -~ obtaining

13



invention. The reference image that was acquired fromthe wafer
fromdefects and stains 10 22 and on the other hand the desi gned

i mge 23
Al t hough

it is int

is clean and significantly better for automatic inspec

21 suffers
ref erence
tion.

_ t W@ 2oovesdsd on has been described in 15 conj upct/iiaoewoiobs speci fic
enbodi ments thereof, it is evident that many alternatives, nodi
and variations will be apparent to those skilled in the art, ac

ended to, ,enbrace all.such_.alternatiyves, nodigicatio %
vari ati onstRh@EMA&LOR ERIRY Jengpiﬁ?‘tlrarfaeﬁgﬁ‘g *%cope ﬁ#h a
claims. 14 WHAT IS CLAIMED IS: 1. A nethod for preparing a pattern's

r ef er ence-

i ncl udes
i mges of
quality p
system
5
10
15
20

fications
cordi ngly,
and 20
ppended

ehihg becvsegelare BUt oMaFiguimspedt i en ofbsathdery t hat

a plurality such pattern, said method conprising: acquiring

| urali.t

f id.patt wh ' [ [ k
An BBl redeni il e PRIGEEE 0 mon Coorainate

Figure 5 illustrates the difference between a
reference image that was acquired from the wafer
and a reference image of the same die that
“designed” by tusing the method of the present

invention. The reference image that was acquired

from the wafer 21 suffers from defects and stains
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
conjunction with specific embodiments thereof, it
is evident that many alternatives, modifications
and variations will be apparent to those skilled
in the art, accordingly, i1t 1s intended to
embrace all such alternatives, modifications and
variations that fall within the spirit and broad

scope of the appended claims.

14



correcting said i mges; and creating a reference-nodel inage, wherein each
pi xel in said created reference-nodel image is made by choosing the best
pi xel of the same |ocated and sane coincident pixel of said inages. 2. The
met hod of claim11, wherein said pattern is a unknown quality die, said
surface is a wafer and said reference-nodel is nade for inspecting dice on
a wafer. 3. The nethod of claim1, wherein said inages' correction
i ncl udes geonetrical-correction that optionally includes shift, rotation,
15 WO 200 WHRB36S PCAIMEZOMR 001006 scale, shrink, local distortion or any
ot her geonetrical-correction and radio-netrical- correction of the gray
| evel of eachypi i al 1t f o] el e
met hod ofqﬁlaﬁﬁpﬁshﬁﬂgrggﬁ hgﬁ%ﬁgﬁ%% %f%agac Iég?d¥%F%§%%$%}q§?%§%i%g sai d
reference- nodel inagg hggludes the foll ow ng steps: " collecting said

a r

coi nci dent pi &1 s 5F | GEHtPBRE+Fom-BEER S Fhi PG megestace that

includes a plurality such pattern, said method

comprising:
® acquiring images of a plurality of said pattern,
ﬂwherein said pattern is an unknown quality pattern;
aligning all of said images, in a common coordinate
system;

correcting said images; and

creating a reference-model image, wherein each
pixel in said created reference-model image is 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 «c¢laim 1, wherein said images'
correction includes geometrical-correction that

optionally includes shift, rotation,

15



sorting said collected pixels by gray level value; and * choosing a pixel
fromthe |argest pixels- cluster in said sort distribution. 5. The nethod
of claim4, wherein said cluster is defined as a group of pixels' val ues
that the shiccioaneessbet ween each of its menber is small ecTmbb@po@os
predeterm ned value. 6. The nethod of claim4, wherein said chosen pixel
is the nedian pixel of said |argest pixels-cluster. 16 7. The nethod of
claim4, furtheralegcl wlesinkdi tional dbstokaticon ba benygt wEder
corresponding to each pixel for use with the inspection algorithns, said

cal cul ations asmefindbng ddersrdian of sakd | argesb-alatsiesal—finding MN

val ue of said-cluster, and finding the MN of gray level from neighbouring
Phe M N gray &R EEiBR <2 kBR yPRa7a 190t hep Tore heh gRBGH ni¥pi xel
sel ected fromégfggqglu%;f§¥;eé% %%T%ﬁﬁgggnogé%ﬁgfgge%erneI, a 3x3
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’ wvalues 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



kernel, or any

ot her m n-Max kernel; and finding MAX value of said clu

and finding the MAX of gray |evel from neighbouring pixels covered b
kernel of neighbouring pixels, wherein the finding of the MAX gray |e
conprises applying a kernel of neighbouring pixel selected froma gro
of kernels conprising of a cross kernel, a 3x3 kernel, or any other

M n- Max ker nel .

B. The nethod of claim?7, further includes the step,

before creating reference-nodel inage: applying one of the M n- Max ker

on all p|§pls

f sai .The od of cl.ai furt i nc
addi tional " cal ﬁia??gﬂoggqﬁé §ﬁ89@b éOrrégagﬁﬁlndjghéﬁiplx Jg%t

the i nspection

PCT/ 1L2006/ 001006 " finding the nedian of said’| arges

19911 3t En §%'%e(Eﬁé%gétb%@%é@ﬁ%nd&n?mﬁgoggkgz

| uster; ™ f|n

ster,
y a
vel
up

nel
des
with

di ng

M N val ue of sd&iot cl usker wighAd théi ndimgpddX val ualafosatinel ustexid10. A
system for preparing a pattern's reference- nodel to be used for autonmatic

i nspection of

calculations are:

® finding the median of said largest cluster;

" finding MIN value of said cluster, and finding the
MIN of gray level from neighbouring pixels covered
by a kernel of neighbouring pixels, wherein the
finding of the MIN gray level comprises applying a
kernel of neighbouring pixel selected from a group
of kernels comprising of a cross kernel, a 3x3
kernel, or any other Min-Max kernel; and

finding MAX value of said cluster, and finding the
MAX of gray level from neighbouring pixels covered
by a kernel of neighbouring pixels, wherein the
finding of the MAX gray level comprises applying a
kernel of neighbouring pixel selected from a group

of kernels comprising of a cross kernel, a 3x3

kernel, or any other Min-Max kernel.

The method of claim 7, further includes the step,
before creating reference-model image:
® applying one of the Min-Max kernel on all pixels

of said images.

The method of claim 8, further includes additional
calculation to be stored corresponding each pixel
for wuse with the inspection algorithms, said
calculations are:
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surface that includes such patterns, said systemconprising: " i
device that captured inmages of plurality of said patters; " ded
software that uses dedicated algorithns to correct and align sai

captured | Wagse02sd " a control |l er operative for:

| ocated and sane

creating a new i FRA8i N 1sARedi BENYONSe 1 25183

magi ng
cat ed
d

0 cettmbichgiobre sane

coi nci dent pixel of each of said inmages; o choosing,
according to predetermned criteria, one of said collected pixel

| ocating said chosen pixel in the sanme pl ace WO 2007/ 026360
PCT/IL2006/0010QE gorre d|n §P26%§ gcelof sai d ol,l ected
the origin inage P& ng> £%a§ H@%ﬁﬁ%d’aﬁBge for

of said captured inages;

reference nodel fondingpdAA ngasaed 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 images 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;
choosing, according to predetermined
criteria, one of said collected pixels;
creating a new image with same dimensions
as said captured images and locating said

chosen pixel in the same place

18
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pattern. 11.The system of claim 10, wherein said controller is further
operative for choosing pixels fromsaid collected pixels by the way of
sorting said collected pixels by gray |evel value and choosing a pixel of

the | argestyo MiRbsocl uster of said sorting distributipormbébsbtuesyst em of
claim 11, wherein said chosen pixel is the nmedian pixel of said |argest
pi xel s-cluster. 13.The systemof claim1ll, wherein said cluster is defined

as a group of pixeksrrnadpesdh the di stpace deigeen gachggf gits nmenber
is smaller than a predeterm ned value. 19 WO 2007/ 026360 PCT/1L2006/ 001006

14. The system of ¢l ai 4N, saj d nt r.ol LS _further operative
for additional caﬁg%ggé%%gmgg%%gﬂ%tgéegﬁgbf?gg %%d#ﬁagggkh pi xel for use

with the inspection algorithns said cal culations are: * finding and
storing the medi@nt6PeAFUNT| dheRTerasFe@s defined above for

each pixel of said captured images; and
o providing said new created image as a
reference model for inspecting said

pattern.

11. 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.

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

pixels—-cluster.

13.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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A finding and storing MN value of said cluster

; and ~ finding and
storing MAX value of said cluster. 20

WO 2007/026360 PCT/1L2006/001006

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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