DESCRI PTION Titl e of Invention: | MAGE PROCESSI NG DEVI CE FOR DEFECT

| NSPECTI ON AND | MAGE PROCESSI NG METHOD FOR DEFECT | NSPECTI ON 5Techni cal
Field [0001] The present invention relates to a defect inspection system
for inspection of a defect in a specinen such as a sheet-1ike specinen, and
to an i magi ng device for defect inspection, an inage processing device for
defect inspection, an inmage processing programfor defect inspection, 10 a

conput er -readabl e recordi ng nedi [ Ikgg | mage processing program for
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are frequent . These nethods are generally classified into four
gr oups, Wﬁ g 15, by arrangenent of an optical systemof a
def\eﬁ 'nSpefetcﬂﬂ &@ .20 [0003] The arrangenent of the optical system
sho in Fi g ‘f 'S one called the regular transm ssion nmethod and the
arrangement B e
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for defect inspection, an image processing program for defect inspection,

10 a computer-readable recording medium storing the image processing
program for defect inspection, and an image processing method for
defect inspection, which are used in the defect inspection system.
Background Art
[0002] In-general, when inspecting a defect in a sheet-like specimen,

15 methods for detection of the defect in the specimen by illuminating the
specimen with light and measuring and analyzing light transmitted or
reflected thereby are frequently employed. These methods are
generally classified into four groups, as shown in Fig. 15, by
arrangement of an optical system of a defect inspection device.

20 [0003] The arrangement of the optical system shown in Fig. 15 (a) is
one called the regular transmission method and the arrangement of the
optical system shown in Fig. 15 (b) one called the transmission
scattering method. In general, the methods to measure transmitted
light, such as the regular transmission method and the transmission

25 scattering method, are used in inspection of specimen 502 with high

light transmittance. The arrangement of the optical system shown in



Fig. 15 (c) is one called the regular reflection nethod and the arrangenent
of the optical systemshown in Fig. 15 (d) one called the reflection
scattering nmethod. In general, the methods to nmeasure reflected Iight, such
as the regular reflection method and the reflection 5scattering nethod, are
used in inspection of specinmen 502 with low |light transmttance. [0004] A
nmet hod of arranging a line sensor 501 on the optical axis of light emtted
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i ght recei y the line sensor 501. In the bright Tield method, the

presence or gsa%d)fth@ rﬁ%ﬁlggtreﬂécﬁbﬁ BBEFIdTER 41688 datleded drighteflefd om an

amount of the decrease (change) of the |ight
method. On the other hand, a method of arranging the line sensor 501
with a shift from the optical axis of the light emitted from the light
source 503, placing a light shield (knife edge) 504 between the light
15 source 503 and.the specimen 502 so as to prevent non-scattered light
from the specimen 502 from directly entering the line sensor 501,
focusing the line sensor 501 on an edge of the light shield 504, and
measuring scattered light (scattered transmitted light or scattered
reflected light) from the specimen 502 with the line sensor 501, as in the
20 transmission scattering method and the reflection scattering method, is
also called a dark field method or optical-axis shift method. In the
dark field method or optical-axis shift method, it is also possible to omit
the light shield 504 and arrange the line sensor 501 so as to prevent
non-scattered light from the specimen 502 from directly entering the

25 line sensor 501.

[0005] In the bright field method, the light from the light source 503 is



5 received by the |ine sensor 501. Since the bright field nethod has | ow
detection sensitivity, it is a nmethod suitable for detection of relatively
| arge defects with a |arge amobunt of the decrease. Since it is easier to
arrange the optical systemconpared to the dark field nethod, the operation
I's stabler and practical inplenmentation thereof is easier. 10 [0006] On
the other hand, in the dark field method, the |line sensor 501 receives
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10 [0006] On the other hand, in the dark field method, the line sensor 501

receives light scattered by a defect in the specimen 502 and the
presence/absence of defect in the specimen 502 is determined from the
quantity of received light. The dark field method has higher detection
sensitivity of defect and allows detection of smaller unevenness (defect)

15 than the bright field method does. However, practical implementation
thereof is limited because it is necessary to highly accurately arrange the
optical system (line sensor 501, light source 503, and light shield 504).
[0007] In general, because large defects in a specimen can be visually
recognized, the defect inspection apparatus is needed to be able to detect

20 small defects. For this reason, it is often the case that the dark field
method is applied to the defect inspection apparatus.

However, the dark field method has the problem that it is
difficult to accurately inspect the defect of the specimen, because it is
difficult to arrange the optical system in practice as described above.

25 [0008] Patent Literature 1 discloses the technology to solve this
problem. In the technology disclosed in Patent Literature 1, an



[ 0009] Patent Literature 1: Japanese Patent Application Laid-open No.

2007- 333563 (|l aid open on Decenber 27, 2007) Patent Literature 2:
Japanese Patent Application Laid-open No. 2008-292171 (laid open on
Decenber 4, 2008) 10Sunmary of Invention Technical Problem|[0010] However,
how the ray path is changed by the defect of the specinen differs depending
upon the type of the defect (the size or the like) and therefore the

appropriate arrangenent of th tjcal system 15 (t 0Sj.ti | | ati
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transm ssi o€ FPYAMEYi ce and the |ight receiving 20neans closer to

each other, 4.n order, to detect the defect wwth small optical strain (cf.
Par agr aph [@B@}?niﬂﬁf this reason, the aforenentioned conventi onal

technol ogy has the.problemthat it is difficult to inspect various types of
def egts Wit ai???@?@ﬁ?gbwgnges of ray paths caused by the defects, at once
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2007-333563 (laid open on December 27, 2007)
Patent Literature 2: Japanese Patent Application Laid-open No.
2008-292171 (laid open on December 4, 2008)
10 Summary of Invention
Technical Problem
[0010] However, how the ray path is changed by the defect of the
specimen differs depending upon the type of the defect (the size or the
like) and therefore the-appropriate arrangement of the optical system
15 (the positional relation between the light source and the light receiving
device or the like) and the appropriate size of the light shield are
practically different depending upon the type of the defect (the size or
the like). Patent Literature 1 also describes that it is necessary to
locate the linear transmission illumination device and the light receiving
20 means closer to each other, in order to detect the defect with small
optical strain (cf. Paragraph [0009]). For this reason, the
aforementioned conventional technology has the problem that it is
difficult to inspect various types of defects with different changes of ray
paths caused by the defects, at once and with sufficient accuracy. In
25 the case of the defect inspection apparatus using the dark field method,

because it is necessary to highly accurately arrange the optical system as



because it is necessary to highly accurately arrange the optical system as
descri bed above, it is practically difficult to change the arrangenent of
the optical systemand the size of the light shield according to the type
of the defect. For this reason, the defect inspection apparatus using the
conventional dark field method is operated by selecting and using the 5
arrangenent of the optical systemand the S|ze of the Iight shield capable
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bet ween the Ci e e Imaging unit, y to generate defect
I NSR@CL1 0N ghove problem and it is an object of the present invention to realize a

defect inspection system capable of detecting various types of defects
with different changes of ray paths caused by the defects, at once and
with sufficient accuracy and to realize an imaging device for defect
inspection, an-image processing device for defect inspection, an image

15 processing program for defect inspection, a computer-readable
recording medium storing the image processing program for defect
inspection, and an image processing method for defect inspection,
which are used in the defect inspection system.
Solution to Problem

20 [0012] In order to achieve the above object, an image processing device
for defect inspection according to the present invention is an image
processing device for defect inspection, which is configured to process
image data of two-dimensional images of a specimen taken continually
in time by an imaging unit in a state of relative movement between the

25 specimen and the imaging unit, thereby to generate defect inspection

image data for inspection of a defect in the specimen, the image



I mage data for inspection of a defect in the specinen, the inmge
processi ng device conprising: identical |ine extraction nmeans which
extracts line data of one line at an identical position on the inmage data
fromeach of a plurality of different inmage data; and |line conposition
means which arranges the line data extracted by the identical line 5
extraction neans, in tine series to generate |line-conposited i mage data of
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data for inspection o efect 1 n the specinen,
data to generate a plurality of different line-composited image data, the

image processing device further comprising: operator operation means
which performs an operation using an operator to emphasize brightness
change, on each of the plurality of line-composited image data to

15 generate a plurality of emphasized image data of one line or a plurality
of lines; and integration means which accumulates, at respective pixels,
brightness values of the plurality of emphasized image data indicating
an identical position of the specimen to generate the defect inspection
image data.

20 [0013] In order to achieve the above object, an image processing
method for defect inspection according to the present invention is an
image processing method for defect inspection, which is configured to
process image data of two-dimensional images of a specimen taken
continually in time by an imaging unit in a state of relative movement

25 between the specimen and the imaging unit, thereby to generate defect

inspection image data for inspection of a defect in the specimen, the



i mge processing nethod conprising: an identical |ine extraction step of
extracting line data of one line at an identical position on the inmge data
fromeach of a plurality of different inage data; and a |ine conposition

step of arranging the line data extracted in the identical line 5
extraction step, in tinme series to generate conposited i nage data of a
plurality of lines, wherein the identical line extraction step is a step of
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| i ne-conposited 1 mage data, each of which is conposed of a plurality of

lines. SincgjffbferPRALTRIMPOHtddSnidpRidath, Utlid infagel Proedsaing emstheirent
the plurality of different Ilne-corrp05|ted i mge data correspond to inmage

data taken grthespesiipyiirth:f fa@r esperategioperation esteporoft rerfpecingeran

jf f,
Therefore, by generating %e 5 aforenentioned |ine-conposited i mage dat a,

the pluraliopepdtibnragihgdan apeedton tateripigasizé beighttessndgingg, angtazh 6Or the
speci men can be obtained wi thout change in the inmaging angle of the inmaging

:J_ni t to the _th@gﬂhfﬁ'fty dhtinef corapokitedeampes dbato [generateobtpuralitieof
i ne-conposited inmage data taken at the plurality of imaging angles opti mal
f or lisnspect iepmpledsigat inmige data of one line or a plurality of lines; and an
integration step of accumulating, at respective pixels, brightness values
of the plurality of emphasized image data indicating an identical
position of the specimen to generate the defect inspection image data.
[0014] In the foregoing configuration, the line data of one line at the
20 identical position on the image data is extracted from each of the
plurality of different image data in the two-dimensional images of the
specimen taken continually in time by the imaging unit, and this
extraction process is carried out similarly for a plurality of different
positions on the image data. Then the extracted line data are arranged

25 in time series for each of the positions on the image data to generate the

plurality of different line-composited image data, each of which is



10 various types of defects with different changes of ray paths caused by
the defects. For this reason, the present invention achieves the effect of
detecting various types of defects on the specinen with different changes
of ray paths caused by the defects, at once and with sufficient accuracy,
by reference to the plurality of line-conposited image data. 15 Wthout
need for high accuracy of arrangenent of the optical system the defect can

P%S?Sé?éfé%mof dfﬁ%@o&%ﬁﬁ?@%ﬁeﬁ‘%}%ﬁg 1 thob e Spikitd bt el MdiR8hoou ot e

arrangenent o t . . i i i

the oﬁﬁr at oW’gﬁéP%??%j#tﬁgeﬁ@%ﬂg%eh?%ﬁﬁ&ailﬁét"%‘fﬁ?ﬁgf‘?q’gﬂi’g%f’ﬁg{ﬂ‘ﬁgﬁgggIr at or
o e asi z i i: RE- i
{mage. dat o, PG S cansaang o Hefy dils SaReR A JebhtRls 'EHARTE o, o
P pi xor BRoeRE ales | 1 she P SRkinigl o TREIeRARS BliS Rlfietain D 2ed &
b . . : i : ;

derent: {ooRerehertisRubine BobfitisiisHinmate dfte, MO PR oA B - ara

h ) - . )
of eophac: z ket e rdehT finaBind SABRE!ff A8 sfécimeh Tarbbe tndiaRa val ues
i ndi cating Wﬁq&ﬂ%ﬁ%ggggﬁéﬁ@ggiehgangneomwggmﬁt tHROGRICIRRNA! | Ons

reduction in nolse. re-no part restrictions on the

met hod of 0%@%&0?8,3; %t%ﬁB{ﬂérsafehgim@ft%%Pélﬁsﬂhéqﬁlé-eaﬂg)déﬁea inigliecahtang the

i dentical posSition e speci nen, but exanples of dapplicabl e nethods

incl ude thepfioh) a%egatlﬁ}’ém%%ini ing éﬁguésosp@ﬁml o# ﬁ{sg%@tibﬁ%fféal’cﬁqsﬁ ng

identical I1rne extraction,”speci ach of the line data indicating the

| denyi cal {8riBagitybed ofidFebRowRh difidrbit ehanbdd of eay pathgeatsidbyaddi ng

an identifier inditative of the identical positTion to each |ine dafa, and,

after the afjy gpRs¥ts ONPdr QRRY AGONOHRS PhésRht didetbraehides! thicegffenty
integration, extracting the plurality of enphasized i nage data indicating

the identicgf Rastfih®vaioddeysareol ndifettsoont the Bpeciatdrt wwith diffehesi zed

changes of ray paths caused by the defects, at once and with sufficient

-

accuracy, by reference to the plurality of line-composited image-data.
15 Without need for high accuracy of arrangement of the optical system,
the defect can be accurately detected because any one of the plurality of
line-composited image data obtained becomes equivalent to image data
obtained with accurate arrangement of the optical system.
[0015] In the foregoing configuration, the operator operation means
20 performs the operation using the operator to emphasize brightness
change, on each of the plurality of line-composited image data, to
generate each of the emphasized image data of one line or a plurality of
lines. For this reason, the brightness change is emphasized at each
pixel of the plurality of line-composited image data and thus it becomes
25 easier to detect a small defect, a thin defect, or a faint defect.

[0016] In the above configuration, the defect inspection image data is



15 image data, based on the identifier; (2) a nethod of, prior to the

af orenenti oned identical |ine extraction, specifying each of the |ine data
indicating the identical position fromthe plurality of different inmage
data, adding an identifier indicative of the identical position to each
line data, extracting the plurality of line-conposited imge data
indicating 20 the identical position of the specinen fromthe plurality of

| i ne- conposi ted | dat the basis of the.identifier, after the |i
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10 position from the plurality of different image data, adding an identifier
indicative of the identical position to each line data, and, after the
aforementioned operator operation and before the foregoing integration,
extracting the plurality of emphasized image data indicating the
identical position of-the specimen from the plurality of emphasized
15 image data, based on the identifier; (2) a method of, prior to the
aforementioned identical line extraction, specifying each of the line data
indicating the identical position from the plurality of different image
data, adding an identifier indicative of the identical position to each line
data, extracting the plurality of line-composited image data indicating
20 the identical position of the specimen from the plurality of
line-composited image data on the basis of the identifier, after the line
composition and before the operator operation, and performing the
aforementioned operator operation on the plurality of extracted
line-composited image data indicating the identical position of the
25 specimen, to generate the plurality of emphasized image data indicating

the identical position of the specimen; (3) a method of, after the
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[0018] The image processing device for defect inspection according to
the present invention is preferably configured as follows: the operator
operation means is means that performs an operation using a differential
operator on the plurality of line-composited image data to calculate
gradients of brightness values along a direction perpendicular to a center
line, at respective pixels on the center line of the plurality of
line-composited image data, and that replaces the brightness values of
the respective pixels on the center line of the plurality of
line-composited image data with absolute values of the gradients of
brightness values at the respective pixels to generate new emphasized
image data of one line.

[0019] In the foregoing configuration, the operator operation means
performs the operation using the differential operator on the plurality of
line-composited image data to calculate the gradients of brightness

values along the direction perpendicular to the center line, at the

10



15 the addition can be perfornmed w thout canceling out the data indicating
the defect. For this reason, it is feasible to detect even a defect an

i mge of which appears either on the bright side or on the dark side
dependi ng upon the arrangenent of the optical system (it is enpirically
known that there are a [ot of such defects in practice). 20[0020] The image
processi ng device for defect |nspect|on according to the present invention
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10 defect reflected on the dark side can be handled in the same manner,

which allows accurate detection of the defect without need for high
accuracy of arrangement of the optical system. Furthermore, since the
defect inspection image data is generated by accumulating, at respective
pixels, the brightness values of the plurality of emphasized image data,

15 the addition can be performed without canceling out the data indicating
the defect. For this reason, it is feasible to detect even a defect an
image of which appears either on the bright side or on the dark side
depending upon the arrangement of the optical system (it is empirically
known that there are a lot of such defects in practice).

20 [0020] The image processing device for defect inspection according to
the present invention is preferably configured as follows: the integration
means is means that accumulates the brightness values of the
emphasized image data at respective pixels, for each of positions of the
specimen from the plurality of emphasized image data indicating the

25 respective positions of the specimen, to generate a plurality of defect

inspection image data indicating the respective positions of the
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means accumul ates, at respective pixels, the brightness values of the 15
plurality of enphasized inage data indicating the identical position of the
speci nen for each of positions of the specinen in order froma | eading
position of the specinen, at every imaging by the inaging unit, to generate
a plurality of defect inspection inage data indicating the respective
positions of the speC|nen 20[0023] In the foregoing configuration, the
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defect inspection image data composited by the image generation means

10 and the positions of the specimen, it becomes feasible to readily detect
where the defect exists in the whole specimen.

[0022] The image processing device for defect inspection according to
the present invention is preferably configured as follows: the integration
means accumulates, at respective pixels, the brightness values of the -

15 plurality of emphasized image data indicating the identical position of
the specimen for each of positions of the specimen in order from a
leading position of the specimen, at every imaging by the imaging unit,
to generate a plurality of defect inspection image data indicating the
respective positions of the specimen.

20 [0023] In the foregoing configuration, the integration means
accumulates, at respective pixels, the brightness values of the plurality
of emphasized image data indicating the identical position of the
specimen, for each of the positions of the specimen in order from the
leading position of the specimen, at every imaging by the imaging unit,

25 to generate the plurality of defect inspection image data indicating the

respective positions of the specimen. For this reason, the defect
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conprises the aforenentioned i mage processi ng device for defect inspection,
the i magi ng device for defect inspection can be provided as one capabl e of
detecting various types of defects with different changes of ray paths
caused by the defects, at once and with sufficient accuracy. 15 [0026] A
defect inspection systemaccording to the present invention is a defect

i nspection systen1for i nspection of a defect in a speC|nen whi ch conpri ses

TR St S
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}gfgeg}ﬁ tge deﬁf'ec I'n e sp:m rren&gy a lAar knﬁ%g E &n g?g%zg(?} In the
Lransiton PraetatapEatons ?@ﬁdm’éﬁé’%%iﬁ%%%%bl‘fqp "?‘é&s?ﬁ’?e&%?i‘“ﬁ@ e in
an observat §,g é?%ﬁ&hge%‘g% af teonfituaft %eﬁhﬁd it &N s@eodoSeRRitiveyi ty and

a smal |l defect can Wnen conpared to the cases using the dark

field methog, erﬁ@ﬁtpét\%nes ngéci’fﬁéﬁ%dstheg ﬁln gQnfurthernore, the

f oregoi ng configurati require accurate arrangenent of the

opt ijggl SyS;@msE[ﬁfﬁﬁ@nfoﬁe %héo@ﬁiﬁfahdrﬁsléﬁfdd OfheS fdapihgs degidehe

conventional dark field rret equi rtng hi ghly accurate arrangenent of the
optical systefprises the aforementioned image processing device for defect

inspection, the imaging device for defect inspection can be provided as
one capable of detecting various types of defects with different changes
of ray paths caused by the defects, at once and with sufficient accuracy.

15 [0026] A defect inspection system according to the present invention is
a defect inspection system for inspection of a defect in a specimen,
which comprises the foregoing imaging device for defect inspection,
and movement means for implementing the relative movement between
the specimen and the imaging unit.

20 [0027] In the foregoing configuration, since the system comprises the
imaging device for defect inspection, the defect inspection system can
be provided as one capable of detecting various types of defects with
different changes of ray paths caused by the defects, at once and with
sufficient accuracy.

25 [0028] The defect inspection system according to the present invention

comprises: a light source which illuminates the specimen with light; and
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[0030] The

| mage processing device for defect inspection may be 15

| npl emented by a conputer, and in this case, the conputer is made to
operate as each of the neans of the imge processing device for defect

I nspecti on,
processi ng

whereby a control programto realize the aforenenti oned
device for defect inspection by the conputer, and a

I mage

conput er-readabl e recording nediumstoring it are also enbraced in the

20scope of
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in a process of transition from a bright field state to a dark field state are
included in an observation region, the defect can be detected with good
sensitivity and a small defect can be detected, when compared to the
cases using the dark field method or the bright field method singly.
Furthermore, the foregoing configuration does not require accurate
arrangement of the optical system, different from the defect inspection
system using the conventional dark field method requiring highly
accurate arrangement of the optical system.

[0030] The -image processing device for defect inspection may be
implemented by a computer, and in this case, the computer is made to
operate as each of the means of the image processing device for defect
inspection, whereby a control program to realize the aforementioned
image processing device for defect inspection by the computer, and a
computer-readable recording medium storing it are also embraced in the
scope of the present invention.

Advantageous Effects of Invention

[0031] As described above, the present invention allows a plurality of
data to be obtained as data taken at different imaging angles for an
identical position of a specimen. For this reason, the present invention
achieves the effect of detecting various types of defects on the specimen,

by reference to the plurality of data.
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Fig. 2 is a drawi ng showi ng the positional relationship of an optical
system for defect inspection including a linear light source and a knife
edge, wherein (a) is a perspective view thereof and (b) a drawi ng showi ng a
yz plane thereof. 10Fig. 3 is a schematic diagram show ng a schematic
configuration of a defect inspection systemaccording to an enbodi nent of
the present invention. Fig. 4 is a drawing show ng a process of |ine

LI AT S ) TS
zlil[ L alnigﬁgsi 2&@%{ fr}*gc.fedﬁ Zﬁ&t’?najaﬁw%aﬁﬁmi&‘%‘glggw%?@ %E ?#é&ji;n whi ch
;nglr ;\c,im_eﬁ (gﬁnad%lp 'Wga]%ﬁﬁ%&g@gi%gé%wéb@%é_ogﬁ%ga%gcca%6211 and (b)
near ¢ he knfr<bagerroRii SERIE RO, AR Bih o SE S ke, ™

Fig. <6 is a: ] showi ng an exanpl e of inage processing, wherein (a) is
an o?i gi nal lrﬁ;rsgl\gie&%bt ai ned by line conposition, (b) an 25i rage obtai ned by

performng a 7x7 thcal . dj i al: fi . g h .
0o a8y b KB 5 p rblehg i Gtid the possRRcraRibiibBpaehow 10

optical system for defect inspection including a linear light source and a

knife edge, wherein (a) is a perspective view thereof and (b) a drawing
showing a yz plane thereof.

10 Fig. 3 is a schematic diagram showing a schematic configuration
of a defect inspection system according to an embodiment of the present
invention.

Fig. 4 is a drawing showing a process of line composition,
wherein (a) is a conceptual diagram showing time-series arrangement of

15 480 images taken by an area camera, (b) a drawing showing a state in
which the 480 image data (#1 to #480) are horizontally arranged in
order from the left, and (c¢) a drawing showing a state in which Nth lines
are extracted and arranged from the 480 image data.

Fig. 5 includes (a) a drawing showing an image taken by an area

20 camera and (b) a drawing showing a line-composited image composited
by extracting lines near the knife edge from the 480 image data taken by
the area camera.

Fig. 6 is a drawing showing an example of image processing,
wherein (a) is an original image obtained by line composition, (b) an

25 image obtained by performing a 7x7 vertical differential filter process

on the image shown in (a), and (c) a binarized image according to a

15



fixed threshold by the Lapl aci an hi stogram net hod on the i mage shown (b).
Fig. 7 is a drawing show ng an operation flow of each part in the i mge
anal yzer in RT-LCl (Real Tinme Line Conposition and 5Integration: the
details of which will be described |ater) processing. Fig. 8ais a
drawi ng show ng an outline of the RT-LCl processing, which is a state
transition diagram show ng states of inage data stored in respective nenory

g i < o dr aliXed Remalg &, Lo Rty Bl busthh GEB RhabfffiEn o o°

schemati c dlér? m showi ng a rel ation between an imaging range of the area
canera and ci men. Fig. 8c is a draw ng showi ng an outline of

Ef?? : o .Lgc'enﬁi at et ML 8 ifue Showigy aﬁ‘@mﬁﬂ Sl SRER R 8RR O
by a change TWHBIn 1A culécgﬁ*&%@mﬁ TirR, i EmAGiBg At el

204 o o B T ALty Bl [ 9
dependi ng upon thejf higKNEsy YraWdhPaghoRing SREOUNE of the RT-LCI
processing, which is a state transition diagram showing states of image
data stored in respective memory units and an image displayed on a
display unit, for each of frames.

10 Fig. 8b is a drawing showing an outline of the RT-LCI
processing, which is a schematic diagram showing a relation between an
imaging range of the area camera and a specimen.

Fig. 8 is a drawing showing an outline of the RT-LCI
processing, “which is a diagram showing a process of generating

15 first-generated RT-LCI data.

Fig. 9 is a drawing showing an example of line data stored in a
second memory unit, a differential operator used by a change amount
calculation unit, and values of brightness data calculated by the change
amount calculation unit.

20 Fig. 10 is a drawing schematically showing states in which
deviation of optical axis occurs depending upon the thickness or
warpage of a specimen.

Fig. 11 shows examples, wherein (a) is a drawing showing an
example of an image taken by the area camera and (b) a drawing

25 showing an example of an RT-LCI image obtained by the defect

inspection system according to an example of the present invention.
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Fig. 11 shows exanples, wherein (a) is a drawing show ng an exanple of an

I mge taken by the area canera and (b) a draw ng 25showi ng an exanpl e of an
RT-LCl image obtai ned by the defect inspection systemaccording to an
exanpl e of the present invention. Fig. 12 shows exanples, wherein
(a) is a drawi ng show ng an exanple of an imge taken by the area canera,
(b) a drawi ng showi ng an exanple of a line-conposited inmage, and (c) a

rani 19, show 19 e £xerBhe o e80Tl ShubiIIRTa i o Aot GulEL 5B
RO AT BT
itﬂgggr ggteﬁit %ﬁ%}ﬁiﬂ%gf g&‘%‘iﬁ&%ﬁu gn sgs%éggr% @%%ﬁ%ﬁo( é@ xagpl e of
oraor o spoft P DAL 6 ke BT T APV RBARE SR oy "
shovmvang an é@(%t%pd?@ g‘?W&?’ﬂtﬁgg’égﬁgﬁ%‘?ﬁ tﬁe’ def ecE i)nspect [ ong
system 15accor di ngjd 01 Ry ﬁg@iest Nﬁh@feﬁgﬁ% é? %Vafﬁwg%eshowin%ﬁhg- 15

shows arrangenent an optica stémin ect In ction appar at us

o L, CopeskeIebr e s owl o by STy autiats (o3 dmaneTEne (e
the optical a5Y%sdagiplefof Beidd-8881Posfit@Image, and (c) a drawing showing an
example of an RT-LCI image obtained by the defect inspection system
10 according to an example of the present invention.

Fig. 14 shows examples, wherein (a) is a drawing showing an
example of an image taken by the area camera, (b) a drawing showing
an example of a line-composited image, and (c) a drawing showing an
example of an RT-LCI image-obtained by the defect inspection' system

15 according to an example of the present invention.

Fig. 15 shows arrangement of an optical system in the defect
inspection apparatus of the conventional technology, wherein (a) shows
the arrangement of the optical system of the regular transmission
method, (b) the arrangement of the optical system of the transmission

20 scattering method, (c) the arrangement of the optical system of the
regular reflection method, and (d) the arrangement of the optical system
of the reflection scattering method.

Description of Embodiments
[0033] An embodiment of the present invention will be described below
25 with reference to the drawings.

[0034] A defect inspection system according to the present embodiment
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20 scattering nethod, (c) the arrangenent of the optical systemof the
regul ar reflection nethod, and (d) the arrangenent of the optical system of
the reflection scattering nethod. Description of Enbodinments [ 0033]
An enbodi nent of the present invention will be described bel ow 25w th
reference to the drawings. [0034] A defect inspection systemaccording to
the present enbodinent is a systemfor detectlng a defect in a nol ded
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resins. Furkheydimn. sémgloggifn%%é ahdSaRfd ap tﬁ&%‘h%@iB thRe-upY RSIRwherbodi ment

is suitably applica I nspection of optical filmsuch as a

pol ari zi ng thbhg" it &P%@gﬁﬁ%&ﬁ{lﬁn‘; Eédﬁ!rﬁﬁl@s Biif‘éh V%i&hé’ac tRsirsspect i on

of a long optical filmstor rted 20 a nd formlike web.
The jpol ded gp PH&aIB‘I%y thetiR PreséntWiehibadimdti ¢idl8de; micthaéidame! eesihs, may be

a relatively thin sheet generally called a film or may bé a rel atlvely
thick sheet ngaR§t ankthdtay el styriehat @opolymers, polyolefin resins such as

polyethylene or polypropylene, polycarbonate, polyvinyl chloride,
polystyrene, polyvinyl alcohol, triacetylcellulose resins, and so on.
The molded sheet-may be comprised of only one of these thermoplastic
15 resins or may be a lamination (laminated sheet) of two or more kinds of
these thermoplastic resins. Furthermore, the defect inspection system
of the present embodiment is suitably applicable to inspection of an
optical film such as a polarizing film or a phase difference film and,
particularly, to inspection of a long optical film stored and transported in
20 a wound form like web. The molded sheet may be a sheet with any
thickness; for example, it may be a relatively thin sheet generally called
a film, or may be a relatively thick sheet generally called a plate.
[0035] Examples of defects in the molded sheet include point defects
such as bubbles (e.g., those produced during molding), fish eyes,
25 foreign objects, tire traces, hit marks, or scratches; knicks, stripes (e.g.,

those produced because of a difference of thickness), and so on.
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[ 0035] Exanpl es of defects in the nol ded sheet include point defects such
as bubbles (e.g., those produced during nolding), fish eyes, 25foreign
objects, tire traces, hit marks, or scratches; knicks, stripes (e.g., those
produced because of a difference of thickness), and so on. [0036] Wen the
various defects as descri bed above are detected with a Iine sensor in the
dark field nethod, it is considered that the line sensor is noved within a
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positional re f “an optical systemfor 20 defect iInspection

i ncludi ng am&hed isaeRimudtan@olis] arﬂé@hﬁraﬁ@}d@fﬁnﬁa eé‘ﬁfé E‘q'i&ilé_sew@@ge_ 7. As
shown in Fig. 2 (a), the area canera 5 is arranged above the l|inear |ight

sourge 4 so gt PRfralifie of diiee seSorsNarhngedin | parallel MiitCthet desidedsyitemal with

a center of an inmaging range, and the knife edge 7 is arranged so as to

Cove 7 Ssaeyingitaeltiusont e frh g ey of s
sensors and the optical system becomes needed to be arranged with
higher accuracy.

0037] Then the inventor considered that under the paraxial condition
15 an area camera could be used to scan under optical conditions
equivalent to those with arrangement of several ten line sensors, for the
following reason. The characteristics of the area camera under the
paraxial condition will be described on the basis of Fig. 2. Fig. 2 is a
drawing showing the positional relationship of an optical system for
20 defect inspection including an area camera 5, a linear light source 4, and
a knife edge 7. As shown in Fig. 2 (a), the area camera 5 is arranged
above the linear light source 4 so that the center of the linear light
source 4 is identical with a center of an imaging range, and the knife
edge 7 is arranged so as to cover a half of the linear light source 4 when

25 viewed from the area camera 5. Now, let us define an origin on the

center of the linear light source 4, an X-axis along the longitudinal
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center of the linear light source 4, an X-axis along the |ongitudinal
direction of the linear light source 4, a Y-axis along the transverse
direction of the linear light source 4, and a Z-axis along a direction from
the area canmera 5 to the linear light source 4. Fig. 2 (b) is a view from
the X-axis direction of Fig. 2 (a). The area canera 5 includes a CCD 5
(Charge Coupled Device) 51 and a lens 52. If a half angle 9 of an angel of
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are used to performimaging In parallel. [0038] Next, a conffguration of

t he defect i [ t aggordin t [ [
IRBRRES | B St OTD astor fiagods), ¢ MAIIPTIRS eRegREHAYI MBMILUST ng

t he area caner
Specifically, in the case where the lens 52 has the focal length f of 35

10 mm, the distance between the lens 52 and a specimen is approximately
300 mm and, when the range of £7 pixels centered on the X-axis is
imaged using the area camera 5 with the resolution of 70 um/pixel, the
half angle 0 of the imaging angle is given as follows:

0 = arc tan(70 [um/pixel] x 10°3 x 7 [pixel]/300 [mm]) = 0.09

15 [degree].

Therefore, the difference between object distances is of 10"—6 order,
which is negligible. In this case, therefore, the imaging can be
performed under the same optical conditions as in the case where fifteen
line sensors (which consist of one line sensor on the X-axis and seven

20 line sensors on either side thereof) each with the imaging range of 70
um are used to perform imaging in parallel.

[0038] Next, a configuration of the defect inspection system 1
according to the present embodiment using the area camera 5 will be
described below on the basis of Fig. 3. Fig. 3 is a schematic diagram

25 schematically showing the defect inspection system 1.

[0039] As shown in Fig. 3, the defect inspection system 1 includes a
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descri bed bel ow on the basis of Fig. 3. Fig. 3 is a schematic di agram
25schematically showi ng the defect inspection system1. [0039] As shown in
Fig. 3, the defect inspection system 1l includes a conveyor (novenent
means) 3, the linear |ight source 4, the area canmera (inmaging unit) 5, an

| mage anal yzer (image processing device for defect inspection) 6, a display
unit 30, the knife edge 7, and an illum nation diffuser panel 8. A nvolded
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configured as follows: while conveying the rectangular molded sheet 2
in a certain direction by the conveyor 3, the area camera 5 takes,
continually in time, images of the molded sheet 2 illuminated with light
from the linear light source 4, and the image analyzer 6 detects a defect
10 of the molded sheet 2 on the basis of two-dimensional image data of the
molded sheet 2 taken by the area camera 5.
[0040] The conveyor 3 is a device which conveys the rectangular
molded sheet 2 in a direction perpendicular to its thickness direction, or,
particularly, in the longitudinal direction of the sheet, so as to change
15 the position illuminated with the linear light source 4, on the molded
sheet 2. The conveyor 3 is provided with a feed roller and a take-up
roller for conveying the molded sheet 2 in the fixed direction, and a
conveyance speed thereof is measured with a rotary encoder or the like.
The conveyance speed is set, for example, in the range of about 2 m to
20 12 m/min. The conveyance speed by the conveyor 3 is set and
controlled by an unillustrated information processing device or the like.
[0041] The linear light source 4 is arranged so that the longitudinal
direction thereof is a direction intersecting with the conveyance
direction of the molded sheet 2 (e.g., a direction perpendicular to the
25 conveyance direction of the molded sheet 2) and is arranged at the

position opposite to the area camera 5 with the molded sheet 2 in
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15 the position illumnated with the linear |ight source 4, on the nol ded
sheet 2. The conveyor 3 is provided with a feed roller and a take-up roller
for conveying the nolded sheet 2 in the fixed direction, and a conveyance
speed thereof is neasured with a rotary encoder or the like. The conveyance
speed is set, for exanple, in the range of about 2 mto 20 12 mim n. The
conveyance speed by the conveyor 3 is set and controlled by an
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nol ded sheet the same 5ide as the area canera 5 and wher@in the |inear

10 1ight SOyifherh tife AieARYRshisgouriee! 4 geairhiidd YPdsae {0 @@ dhsldednear

| ight source 4 Is reflected ©On the nolded sheet 2'to enter the area canera

5 (cf. the gheanDeFEHe Q{lmfehﬁd@pési fd asystemdra 3 hadrehershithe Keedrt ering

met hod shown in Fig. 15 (d)). The aforenenti oned configuration wherein the

|'i ghhp refl efibhf seirdes ivRrEREedngetha the ligled elaibted ftomtthe laea loghera 5 is

15 al so applicable to inspection of defects in specinens of various shapes
and mat eri akgurces4 Yerdflersed ba thelmelicdsirict 2. o iR iheTheaavapacairéefa 5

receives the light having travel ed through the nol ded sheet 2 to take
t wo- di mensi twhrranpaeenodf the opticalesl stéreein the reflection scattering method
shown in Fig. 15 (d)). The aforementioned configuration wherein the
light reflected on the'molded sheet 2 is incident into the area camera 5 is
15 also applicable to inspection of defects in specimens of various shapes
and materials, as well as the molded sheet 2.
[0042] The area camera 5 receives the light having traveled through the
molded sheet 2 to take two-dimensional images of the molded sheet 2
continually in time. The area camera 5 outputs the data of the
20 two-dimensional images of the molded sheet 2 thus taken, to the image
analyzer 6. The area camera 5 consists of an area sensor which is
composed of an imaging device such as a CCD or CMOS
(Complementary Metal-Oxide Semiconductor) to take two-dimensional
images. There are no particular restrictions on the area camera 5 as
25 long as it can output multiple-tone image data; in the present

embodiment it is one capable of outputting image data of an 8-bit gray

22



continually in tinme. The area canera 5 outputs the data of the 20

t wo- di nensi onal inages of the nolded sheet 2 thus taken, to the inage

anal yzer 6. The area canera 5 consists of an area sensor which is conposed
of an imagi ng device such as a CCD or CMOS (Conpl enentary Met al - Oxi de

Sem conductor) to take two-di nensional inages. There are no particul ar
restrictions on the area canera 5 as 25long as it can output nultiple-tone

i mage data; inp.t present odinent it is one capable of outputting inmge
data of an §9{)\Ft&§pﬁay %Y‘ffl ‘(256 gray l|levels). [0043] Since the size of

upan” e+ o ST 6, S B SRL TR OBV Wl Sl
det bt’dd et BhaShR s AR EREE RRR e S B 8 R oA e o
¢ : . . o i

i gdegengeﬁf Bg:‘jt 1%??@3@1%&? icégnltﬁﬁpgﬁeg gfragzé&%;%nrlé g&%ﬁ%ﬂ?ﬂﬁgfe%%&clgner a

resolsut i on QB%(Zrd&ﬁEe Bﬁi‘ﬂ? {1}5@ F%‘g L%‘ih%ﬁ%@fgc?&%@@e’f&tg&onM&estéﬁ%‘gfgfyict he
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arranged t otiakfeARAMEYS, and thus the camera resolution does not have to be
selected depending upon the type of the defect to be detected.
10 [0044] The area camera 5 is preferably arranged so as to be able to take
an image of the entire region in the width direction of the molded sheet
2 (which is a direction perpendicular to the conveyance direction of the
molded sheet 2 and perpendicular to the thickness direction of the
molded-sheet 2). When the area camera 5 is arranged to take an-image
15 of the entire region in the width direction of the molded sheet 2, it is
feasible to inspect the defect in the entire region of the molded sheet 2.
[0045] Imaging intervals (frame rate) of the area camera 5 do not
always have to be fixed, but a user may be allowed to change the frame
rate by manipulating the area camera 5 itself or by manipulating an
20 information processing device (not shown; which may be omitted)
connected to the area camera 5. The imaging intervals of the area
camera 5 can be, for example, a fraction of one second which is a time
duration of continuous shooting of a digital still camera, but the time
duration can be made shorter by setting the number of lines in one
25 frame to a requisite minimum with use of a partial imaging function

which is usually provided in industrial CCD cameras. For example, in
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15 of the entire region in the width direction of the nolded sheet 2, it is
feasible to inspect the defect in the entire region of the nol ded sheet 2.

[ 0045] Imaging intervals (frane rate) of the area canmera 5 do not al ways
have to be fixed, but a user may be allowed to change the frame rate by
mani pul ating the area canera 5 itself or by manipulating an 20 information
processi ng device (not shown; which may be omtted) connected to the area
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conveyance speed of the speci nen and the size of the detection target

defect. [O0048hidhent FatRARRIab60E 1801 BPS. daHLeffbbive peedls wad diivingrage
data outputted fromthe area camera 5, perforns inage processing on the 15

i mage data, {RRGERLF the GRRErAtd BefmbbetlysResdte@nfor@aampRy dependinpspect i on

of a defect of the specinen, and outputs the defect inspection inmage data

to the di sphppnihkicoteydhce sp@dbofiial yFeinfn andtinvside df\the eteotivmwry 20
to store inmage data, and an inmage processor 10 to performthe inage

processi ng mgehaefemge data. The area canera 5

[0046] The image analyzer 6 is a device that receives the image data
outputted from the area camera 5, performs image processing on the
15 image data, thereby to generate defect inspection image data for
inspection of a defect of the specimen, and outputs the defect inspection
image data to the display unit 30. The image analyzer 6 is provided
with a memory 20 to store image data, and an image processor 10 to
perform the image processing on the image data. The area camera 5
20 and the image analyzer 6 constitute an imaging device for defect
inspection. There are no particular restrictions on the image analyzer 6
as long as it can perform the image processing of two-dimensional
image data; for example, it can be a PC (personal computer) with image
processing software installed thereon, an image capture board equipped
25 with an FPGA in which an image processing circuit is described, or a

camera with a processor in which an image processing program is
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20 and the image anal yzer 6 constitute an inagi ng device for defect

I nspection. There are no particular restrictions on the inage anal yzer 6 as
long as it can performthe image processing of two-di nensional inage data;
for exanple, it can be a PC (personal conputer) with inage processing
software installed thereon, an inmage capture board equi pped 25w th an FPGA
I n which an i mge processing circuit is described, or a canera with a
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i nspection | ] e display unit 30 nmay be any unit that can display
| mages or V{P%ECHQ%QI%%QWI es of the display unit 30 applicable herein
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source 4. jmage analyzer 6 or the imaging device for defect inspection may be
10 configured with the display unit 30 therein. The display unit 30 may
be provided as an external display device as separated from the defect
inspection system 1, and the display unit 30 may be replaced by another
output device, e.g., a printing device.
[0048] The knife edge 7 is a light shield-of knife shape that blocks the - -
15 light emitted from the linear light source 4.
[0049] The illumination diffuser panel 8 is a plate that diffuses light, in
order to uniformize the light quantity of the light emitted from the linear
light source 4.
[0050] The below will describe the circumstances of development of an
20 algorithm utilized in the present embodiment. The algorithm utilized
in the present embodiment is one having been developed in view of a
problem of a defect detection method utilizing simple line composition
described below.
[0051] A method of line composition for generating images equivalent

25 to images taken by a plurality of line sensors arranged in parallel, from a

plurality of images taken by the area camera 5 will be described on the
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[ 0050] The below wi Il describe the circunstances of devel opnent of an 20
algorithmutilized in the present enbodinent. The algorithmutilized in the
present enbodi nent is one having been devel oped in view of a problemof a
defect detection nmethod utilizing sinple |line conposition described bel ow.
[0051] A nethod of |ine conposition for generating inages equivalent 25to

I mges taken by a pIurallty of line sensors arranged in parallel, froma
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the size of @ﬁféi‘xldlxétﬂﬁr S &h%%hf&léﬂé@ dlféc‘ﬁ%hgbf thd mélded sﬁyequrwm be or

nore) and V\?pl xel's 1Tn w line 1s typically a“partial imge

of one pi xelefridRiox® & link> aWlEeH i9 'ﬁsé‘uﬁlbﬂathﬁf‘ihé heizhlgfgachhéntiviedt h

direction o# the nol ded sheet 2. [0052] Fig. (a) is a conceptual draw ng
showi ng t hejfi§Pe i(§B8830ng the longitudinal direction of the molded sheet 2) is H

10 pixels (H is a natural number) and that the width of each entire image
(size along the width direction of the molded sheet 2) is W pixels (W is
a natural number), the size of each line is H/L pixels in height (L is an
integer of 2 or more) and W pixels in width.
A line is typically-a-partial image of one pixel x W pixels
15 aligned on a straight line along the width direction of the molded sheet
2.
[0052] Fig. 4 (a) is a conceptual drawing showing the 480 images
arranged in time series. Fig. 4 (b) is a drawing showing a state in
which the 480 image data (#1 to #480) are arranged horizontally in
20 order from the left. In each of the image data shown in Fig. 4 (b), the
dark part in the bottom region is a position where the light is blocked by
the knife edge 7, the bright part near the center is a position where the
light from the linear light source 4 is transmitted, and the dark part in
the top region is a position where the light from the linear light source 4
25 does not reach, which is out of an inspection target. The specimen is

conveyed in the direction from bottom to top in Fig. 4 (b).
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arranged in tine series. Fig. 4 (b) is a drawing showng a state in which
the 480 imge data (#1 to #480) are arranged horizontally in 20 order from
the left. In each of the inmage data shown in Fig. 4 (b), the dark part in
the bottomregion is a position where the light is blocked by the knife
edge 7, the bright part near the center is a position where the light from
the linear light source 4 is transmtted, and the dark part in the top
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and generating the image equivalent to the image taken by the line
15 sensor to scan the certain line will be referred to as line composition.
[0054] When the line composition is carried out by extracting the
(N+1th, the (N+2)th, the (N—1)th, and other lines, in addition to the
Nth line, from each of the 480 image data, image data taken at a
plurality of imaging angles (imaging positions) can be generated at once
20 from the image data taken by the area camera 5. Namely, when the
line composition is performed for the image data taken by the area
camera 5, it is possible to generate a plurality of image data equivalent
to image data at a plurality of imaging angles taken by an optical system
in which a plurality of line sensors are arranged in parallel.

25 [0055] Next, a specific example of an image obtained by the line

composition from 480 image data taken by the area camera 5 will be
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25[ 0055] Next, a specific exanple of an image obtained by the Iine
conposition from 480 i nage data taken by the area canera 5 will be

descri bed below. Fig. 5 shows an inage taken by the area canera 5 and an
i mage obtained by the |ine conposition from 480 i mage data taken by the
area canmera 5. Fig. 5 (a) is the inmage taken by the area canera 5. Fig. 5
(a) shows the image simlar to those in Fig. 4 (b), in 5 which the dark
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def ect that ™ cannot be visually recogni ze nt origin | mge taken by

19 SR L SER0 S o B 19) e RS o1 of
difficult tgnJujest Mladedasiahiiake tere§§ acdefedt i'8n area encircled by a
white circle in Fig. 5 (a), but the defect cannot be visually recognized in
the original image taken by the area camera 3.
{0056] Fig. 5 (b) is an image obtained by the line composition of
15 extracting lines near the knife edge 7 from the 480 image data taken by
the area camera 5. Specifically, it is a line-composited image obtained
by extracting the lines at the position 210 pm apart toward the
illumination side from the top edge of the knife edge 7. As is the case
in Fig. 5 (a), the dark part projecting upward from the lower edge of Fig.
20 5 (b) is a shadow of the object placed as a mark. With reference to Fig.
5 (b), it is possible to visually recognize slight signs of stripes (bank
marks) like a washboard. In this manner, the defect that cannot be
visually recognized in the original image taken by the area camera 5
becomes visually recognizable by the line composition of the image
25 data taken by the area camera 5.
[0057] 1t is, however, difficult to clearly discriminate the defect in the
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| i ne-conposited image itself, and therefore i mage processing is perfornmed
on the line-conposited i mage. Exanpl es of the inmge processing include
techni ques as shown in Fig. 6. Fig. 6 (a) shows the original inmge obtained
by the Iine conposition, which is the same 5 inmage as the i nage shown in
Fig. 5 (b). Fig. 6 (b) is an imge obtained by performng a 7x7 vertical
differential filter process on the inmage shomn |n Flg 6 (a). Fig. 6 (c) is
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data taken an to
10 line-composited image in this manner, the defect becomes more clearly

distinguishable.
[0058] When the line composition is carried out on the image data
taken by the area camera 5 in this manner, it is possible to
simultaneously ‘generate images under a plurality of different optical
15 conditions, which are equivalent to images taken by the line sensor
under a plurality of different optical conditions (imaging angles).
Therefore, if an image showing the best view of the defect (image under
an optimal optical condition; e.g., a line-composited image obtained by
extracting the lines near the knife edge 7 as shown in Fig. 5 (b)) is
20 selected, out of the plurality of generated images, and the defect
inspection using the selected image is performed, it is possible to obtain
the same result as that achieved when the defect detection is carried out
using images taken by the line sensor under the optimal optical
condition. Since it is easier to select an image showing the best view
25 of the defect out of the plurality of images obtained by the line

composition of image data taken by the area camera 5 than to move the
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position of the line sensor so as to achieve the optinal optical condition,
| npl enmentati on of the defect inspection becones easier, so as to inprove
the efficiency of defect inspection. Furthernore, when the inage processing
is perforned on each 50f the generated |ine-conposited images correspondi ng
to the plurality of imaging angles and an inege clearly show ng the defect
Is selected and referenced out of the |line-conposited i mages subjected to
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i mge analy
processing, various defects of the specimen can be clearly recognized.

[0059] However, to manually select an image out of the

10 line-composited images or out of the line-composited images subjected
to the image processing is rather inefficient. When a specimen has a
defect, it is desirable to distinguish in real time whether there is a defect
in an imaging region of the specimen, in order to grasp which part of the
specimen has the defect.

15 [0060] For this reason, the inventor developed the algorithm to create
images allowing various defects of the specimen to be clearly
distinguished in real time, using all of the generated line-composited
images corresponding to the plurality of imaging angles, as a result of
intensive and extensive research. This developed algorithm is called

20 RT-LCI (Real Time Line Composition and Integration), and RT-LCI will
be described below.

[0061] First, a configuration of each part of the image analyzer 6 to
perform RT-LCI will be described on the basis of Fig. 1. Let us define
k (k is an integer of 2 or more) as the number of imaging angles used in
25 execution of the RT-LCI image processing. Furthermore, let m (m is a

natural number) be the number of rows of a below-described differential
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perform RT-LCl will be described on the basis of Fig. 1. Let us define k (k
Is an integer of 2 or nore) as the nunber of imaging angles used in
25execution of the RT-LClI inage processing. Furthernore, let m(mis a

nat ural nunber) be the nunber of rows of a bel owdescribed differenti al
operat or. The nunber k of inmaging angles and the nunber m of rows of
the differential operator can be optionally set and are prelimnarily
determ ned. For S|an|C|ty of description, a noving distance of the 5
speci nen 2 QpeIto Eaklng of a certain image and before taking of a next
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equal to thﬁ %f ;ﬁ%? ﬁngsi '?)tf él‘é&rrﬁ)tld;f”é rh’-?l’ﬂ?‘ﬁ’fgadlsttﬁl‘?cé“blff’ﬁf of

col umms of nor e,” but i'S assurred to

Tty Ve R AT

conf |59ur ati raj or par the T mage an escri bed above,
the image image (during one frame duration) by the area camera 5 is defined as a

movement width and a real distance (distance on the surface of the
specimen 2) indicated by the width of line data (partial image data of
one line) extracted by a below-described data extraction unit is assumed
10 to be equal to the aforementioned movement width. ~Furthermore, the
number of columns of the differential operator may be 2 or more, but it
is assumed to be 1 herein.
[0062] Fig. 1 is a functional block diagram showing the configuration
of major part of the image analyzer 6. As described above, the image
15 analyzer 6 is provided with the image processor 10 and the memory 20.
The image processor 10 has a data extraction unit (identical line
extraction means) 11, a first zone judgment unit 12, a data storage unit
(line composition means) 13, an every zone judgment unit 14, a change
amount calculation unit (operator operation means) 15, an identical
20 position judgment/extraction unit 16, an integration unit (integration
means) 17, and an image generation unit (image generation means) 18.
The memory 20 has a first memory unit 21, a second memory unit 22, a
third memory unit 23, and a fourth memory unit 24. The second
memory unit 22 is provided with a first region 221, a second region 222,
25 and a kth region 22k.  Each of the first region 221 to the kth region 22k

is divided into m zones.
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15 analyzer 6 is provided with the image processor 10 and the nenory 20.
The i mage processor 10 has a data extraction unit (identical |ine
extraction nmeans) 11, a first zone judgnment unit 12, a data storage unit
(l'ine conposition neans) 13, an every zone judgnent unit 14, a change
anount cal culation unit (operator operation nmeans) 15, an identical 20
position judgnent/extraction unit 16, an integration unit (integration
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unit that extracts line data of one line at an identical position on the

i mgg data fhetBashrRftioh Pakigdhipart Hatdxittane Rth liedts 3h ahe Mo vimat

extracts the 15 foregoing line data at each of a plurality of different
posi tions ofireBfoh BRBetPerimbA I flond ke linesdata i ehe yes@ibed pbsitiba has a
first judgnent part 121, "a second judgnent part 122, ..., and a kth

j udgnent paph thékimdge datd.stIn tsdmai; et ddtd lextsacticra it htisjaldaéts

whet her there is |inée data already G stored in the first zone of the

first regi otha2dxtidtts Mmeséstandf oredine uhah iaéntiifﬂle?eeittimdoh ubgriemdgepart 122
is a part that judges whether there is line data already stored in the

first zone dhtd frensescdf aquluedity X differoet spagndataand thatreixtrazss thehe kt h
judgnent part 12k is a part that judges whether there is |line data already

stonéd in t ferefgoirsg lzendatef at bach of a plurality of different positions on the

image data.

[0064] The first zone judgment unit 12 has a first judgment part 121, a

second judgment part 122, ..., and a kth judgment part 12k. The first

judgment part 121 is a part that judges whether there is line data already
20 stored in the first zone of the first region 221 in the second memory unit

22. The second judgment part 122 is a part that judges whether there

is line data already stored in the first zone of the second region 222 in

the second memory unit 22. The kth judgment part 12k is a part that

judges whether there is line data already stored in the first zone of the
25 kth region 22k in the second memory unit 22.

[0065] The data storage unit 13 has a first storage part 131, a second
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25kth region 22k in the second nmenory unit 22. [0065] The data storage unit
13 has a first storage part 131, a second storage part 132, ..., and a kth
storage part 13k. The first storage part 131 is a part that, when the first
judgment part 121 of the first zone judgnent unit 12 judges that there is
no line data in the first zone of the first region 221, stores the line
data extracted by the first extraction part 5 111, into the first zone of
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conpositing | ne-co sited 1 mag fromthe plurality of extracted

| dat a. . i8] ' :
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131, stores I'I ne y the seco extraction part 112, into

the {fy rst zopgedfinithe HRE9BHe 1§ TR iRo hasREond Zord)dadehe limsdaty t he

stored in the (m—1)th zone is moved into the mth zone. At this time, if

there is line data stored in the mth zone, the line data is discarded or
moved to a backup place not shown. The first storage part 131, after
moving the storage places of the line data stored in the respective zones,
15 stores the line data extracted by the first extraction part 111, into the first
zone of the first region 221. Furthermore, the first storage part 131,
after the first extraction part 111 extracts a plurality of line data at the
prescribed position on the image data, makes the plurality of extracted
line data stored in consecutive zones of the first region 221, thereby
20 compositing one line-composited image data from the plurality of
extracted line data.
[0066] The second storage part 132, like the first storage part 131,
stores the line data extracted by the second extraction part 112, into the
first zone of the second region 222, based on a judgment made by the
25 second judgment part 122 of the first zone judgment unit 12.

Furthermore, after the second extraction part 112 extracts a plurality of
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25second judgnent part 122 of the first zone judgnment unit 12. Furthernore,
after the second extraction part 112 extracts a plurality of |line data at
an identical position on the imge data, the second storage part 132 nakes
the plurality of extracted |ine data stored in consecutive zones of the
second region 222, thereby conpositing one |ine-conposited i mage data from
the plurality of extracted line data. 5 [0067] The kt h storage part 13k
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the kth region 22k, thereby compositing one line-composited image data

h..

from the plurality of extracted line data.
[0068] In summary, the data storage unit 13 is a part that arranges the
line data extracted by the data extraction unit 11, in time series to
15 generate the line-composited image data of plural lines and that arranges
the line data extracted by the data extraction unit 11, in time series, for
each of the positions on the image data to generate a plurality of
different line-composited image data.
[0069] The every zone judgment unit 14 has a first judgment part 141, a
20 second judgment part 142, ..., and a kth judgment part 14k. The first
judgment part 141 is a part that judges whether there are line data stored
in all the zones (first to mth zones) of the first region 221. The second
judgment part 142 is a part that judges whether there are line data stored
in all the zones (first to mth zones) of the second region 222. The kth
25 judgment part 14k is a part that judges whether there are line data stored
in all the zones (first to mth zones) of the kth region 22k.
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25j udgnent part 14k is a part that judges whether there are |ine data
stored in all the zones (first to nth zones) of the kth region 22k. [0070]
The change anpbunt cal culation unit 15 has a first calculation part 151, a
second cal culation part 152, ..., and a kth calculation part 15k. The first
calculation part 151 is a part that, when the first judgment part 141 of
the every zone judgnent unit 14 judges that there are line data 5 stored
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lines), into the thir nmory unit 23. The details of 'the arithmetic

proqessi ng ¢Ratr ivpKerPYhe R¥cbhe jﬁﬂgﬁ%tgﬁﬁquzc@mhbaé\ieg?izuﬂd judpiaehd  be

described later. In summary, t'he chan nmount cal cul on 25unit 15

perforns t h%n@ﬂ@fnéjhages dgatndhebd aro Didlcaligta dtoravihall ¢ kondy)tpeefEnehange,
on each of the plurality of |ine-conposited inmge

the differential operator operation on line-composited image data

consisting of a plurality of line data stored in the second region 222 and
stores emphasized image data obtained as the result of the operation
15 (image data of one line or a plurality of lines), into the third memory
unit 23. The kth calculation part 15k is a part that, when the kth
judgment part 14k of the every zone judgment unit 14 judges that there
are line data stored in all the zones, performs the differential operator
operation on line-composited image data consisting of a plurality of line
20 data stored in the kth region 22k and stores emphasized image data
obtained as the result of the operation (image data of one line or a
plurality of lines), into the third memory unit 23. The details of the
arithmetic processing carried out by the change amount calculation unit
15 will be described later. In summary, the change amount calculation
25 unit 15 performs the operation using the operator to emphasize

brightness change, on each of the plurality of line-composited image
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data, thereby to generate each of the enphasized i mage data of one |ine or
a plurality of lines. [0071] The identical position judgnment/extraction
unit 16 judges whet her there are enphasized i mage data of all i maging
angl es (k 5angles) indicating an identical position of the specinen 2,
stored in the third nenory unit 23. Wen the identical position
judgnent/extraction unit 16 judges that enphasized i mage data of all the
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10 [0072] The integration unit 17 accumulates, at respective pixels,
brightness values of the k types of emphasized image data indicating an
identical position of the specimen 2, which were extracted by the
identical position judgment/extraction unit 16 to generate defect
inspection-image data (RT-LCI data) of one line or a plurality of lines.

15 The integration unit 17 stores the position of the specimen 2 indicated
by the k types of emphasized image data accumulated, in
correspondence to the defect inspection image data as the result of the
integration into the fourth memory unit 24.

[0073] The image generation unit 18 arranges each of the defect

20 inspection image data stored in the fourth memory unit 24 in the same
manner as the positional relation of the specimen 2, based on the
positions of the specimen 2 stored in correspondence to each of the
defect inspection image data in the fourth memory unit 24, to composite
new defect inspection image data (RT-LCI data) and makes the

25 composited defect inspection image data displayed as an image on the

display unit 30.
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[0074] Next, operations of respective sections in the inage anal yzer 6
during execution of RT-LCI will be described on the basis of Fig. 7. Fig. 7
is a drawi ng showi ng an operation flow of each section in the inmage

anal yzer 6 during the RT-LClI processing. 5[0075] First, with a start of the
RT-LCl processing, the defect inspection system1l sets the frane nunber i
to 1=1 (S10). Wi le the specinen 2 is conveyed by the conveyor 3, the area
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extraction part 1I2 extracts

B e

analyzer 6 and the image analyzer 6 stores the image data into the first

10 memory unit 21 (S20).
[0076] The first extraction part 111 extracts line data at a prescribed
position (e.g., the first line data from the bottom) from the image data
stored in the first memory unit 21 (S41). The first extraction part 111
makes the position of the specimen 2 indicated by the extracted line data,

15 corresponding to the line data. For example, in the case where the
movement width is equal to the width of the real distance indicated by
the line data, the first extraction part 111 adds "pi" (where i is the frame
number) as a sign indicative of the position of the specimen 2 to the
extracted line data. The line data at the prescribed position is

20 preliminarily optionally set so as to determine from which line the data
should be extracted.
[0077] When i > 2 is met (YES in S32), the second extraction part 112
extracts line data adjacent in the moving direction of the specimen 2 to
the line data at the prescribed position extracted by the first extraction

25 part 111 (S42). The second extraction part 112 makes the position of

the specimen 2 indicated by the extracted line data, corresponding to the
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25part 111 (S42). The second extraction part 112 makes the position of the
specinen 2 indicated by the extracted |line data, corresponding to the 1line
data. For exanple, in the case where the novenent width is equal to the

wi dth of the real distance indicated by the |line data, the second
extraction part 112 adds "p(i-1)" as a sign indicative of the position of
the specinen 2 to the extracted |line data. If i=1 (NO in S32, the flow
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by yge firSkpecimen 2 indicated by the extracted line data, corresponding to the
line data. For example, in the case where the movement width is equal
to the width of the real distance indicated by the line data, the kth
extraction part 11k adds "p(i—k+1)" as a sign indicative of the position
of the specimen 2 to the extracted line data.- - When i <k (NO) in S3k,
15 the flow proceeds to S140.
[0079] Next, the first judgment part 121 of the first zone judgment unit
12 judges whether there is any line data already stored in the first zone
of the first region 221 in the second memory unit 22 (S51).
When the first judgment part 121 judges that there is line data in
20 the first zone of the first region 221 (YES in S51), the first storage part
131 moves up each of storage places of line data stored in the respective
zones of the first region 221, by one zone (S61). After completion of
the movement of the storage places of line data stored in the respective
zones, the first storage part 131 stores the line data extracted by the first
25 extraction part 111, into the first zone of the first region 221 (§71). On

the other hand, when the first judgment part 121 judges that there is no
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25extraction part 111, into the first zone of the first region 221 (571).
On the other hand, when the first judgnent part 121 judges that there is no
line data in the first zone of the first region 221 (NOin 551), the first
storage part 131 stores the line data extracted by the first extraction
part 111, into the first zone of the first region 221 (571). [ 0080] The
second judgnent part 122 of the first zone judgnent unit 12 5judges whet her
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in the first zone of the second region 222 (YES in S52), the second
storage part 132 moves up each of storage places of line data stored in
10 the respective zones of the second region 222, by one zone (S62).
After completion of the movement of the storage places of line data
stored in the respective zones, the second storage part 132 stores the line
data extracted by the second extraction part 112, into the first zone of
the second region 222 (S72). On the other hand, when the second
15 judgment part 122 judges that there is no line data in the first zone of
the second region 222 (NO in S52), the second storage part 132 stores
the line data extracted by the second extraction part 112, into the first
zone of the second region 222 (S72).
[0081] The kth judgment part 12k of the first zone judgment unit 12
20 judges whether there is any data already stored in the first zone of the
kth region 22k in the second memory unit 22 (S5k). When the kth
judgment part 12k judges that there is line data in the first zone of the
kth region 22k (YES in S5k), the kth storage part 13k moves up each of
storage places of line data stored in the respective zones of the kth
25 region 22k, by one zone (S6k). After completion of the movement of

the storage places of line data stored in the respective zones, the kth
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20 judges whether there is any data already stored in the first zone of the
kth region 22k in the second nenory unit 22 (S5k). Wen the kth judgnent
part 12k judges that there is line data in the first zone of the kth region
22k (YES in S5k), the kth storage part 13k noves up each of storage pl aces
of line data stored in the respective zones of the kth 25regi on 22k, by one
zone (S6k). After conpletion of the novenent of the storage places of |ine
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zones (YES in S81), the first calculation part 151 performs the
differential operator operation on line-composited image data consisting
of a plurality of line data stored in the first region 221 and stores
emphasized-image data obtained as the result of the operation, into the
15 third memory unit 23 (S91). At this time, the sign indicative of the
position of the specimen 2 made corresponding to the line data stored in
the mth zone of the first region 221 is added to the emphasized image
data as the result of the differential operator operation. On the other
hand, when the first judgment part 141 judges that line data is not stored

20 in all the zones (NO in S81), the flow proceeds to S140.
[0083] Furthermore, the second judgment part 142 of the every zone
judgment unit 14 judges whether there are line data stored in all the
zones of the second region 221 (S82). When the second judgment part
142 of the every zone judgment unit 14 judges that there are line data
25 stored in all the zones (YES in S82), the second calculation part 152

performs the differential operator operation on line-composited image
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20in all the zones (NOin S81), the flow proceeds to S140. [0083]
Furthernore, the second judgnent part 142 of the every zone judgment unit
14 judges whether there are |line data stored in all the zones of the second
region 221 (S82). Wien the second judgnent part 142 of the every zone
judgnment unit 14 judges that there are line data 25stored in all the zones
(YES in S82), the second calculation part 152 perforns the differenti al
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|ne et 2 s Begidd b J REDabEShdh T scohl Hiduuhiohe et 192 por
Dok Jand st of S e B deta s oP skaréddh 1l B dahés pIIe) BF SBD), the fio reat on

22k and sto asi Zed 1 mage as the result”of the

operation, | & q4bhird menory unit 23 (S9k). At this time, the sign
i ndi cative gpgghe%posfti on of the specinen 2 made corresponding to the line

dat gst or edlé%%@z g‘g%ﬂgl%glg?o?ﬁ,z ?RE lgt{ht ﬁ{g?gﬁfeﬂt m@&ito D4R2Kf | theaddesy tzoridhe

enphasi zed e res t he fferential operator operation.

e LR O LTS gt s sty it
zones of the kth region 22k (S8k). | When the kthgjudgment part 14k of
the every zone judgment unit 14 judges that there are line data stored in
all thé zones (YES in S8k), the kth calculation part 15k performs the

15 differential operator operation on line-composited image data consisting
of a plurality of line data stored in the kth region 22k and stores
emphasized image data obtained as the result of the operation, into the
third memory unit 23 (S9k). At this time, the sign indicative of the
position of the specimen 2 made corresponding to the line data stored in

20 the mth zone of the kth region 22k is added to the emphasized image
data as the result of the differential operator operation. On the other
hand, when the kth judgment part 14k judges that line data is not stored
in all the zones (NO in S8k), the flow goes to S140.

[0085] Next, the identical position judgment/extraction unit 16 judges

25 whether emphasized image data of all the imaging angles (k types)

indicating an identical position of the specimen 2 are stored, with
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[ 0085] Next, the identical position judgnent/extraction unit 16 judges
25whet her enphasi zed i nage data of all the imging angles (k types)

i ndicating an identical position of the specinmen 2 are stored, with
reference to the signs indicative of the positions of the specinen 2 nade
corresponding to the enphasi zed i mage data stored in the third nenory wlt
23 (S100). When the identical position Judgnent/extractlon un|t 16 j udges
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respective data stored nmenory unit; to conposite new

def ggt i nspggtd @@%%@%@ngﬂtﬂgnﬂ%%g __39) Then the inmage

genéeration unit rranged data di spl ayed on the displ ay

unit 30 (S1 rs . . . . ! o ShLE
di spl ayed Oﬁ@?%%ﬁ%% iRRIStbARYRIDEITEr AédurRulated, 48 PEupRBtivbe piilelb, ata

brightness values of the k types of emphasized image data extracted by

the identical position judgment/extraction unit 16 (S110). The
integration unit 17 stores in the fourth memory unit, the sign indicative
15 of the position of the specimen 2 made corresponding to the k types of
emphasized image data thus accumulated, in correspondence to defect
inspection image data (RT-LCI data) as the result of the integration.
The image generation unit 18 arranges the RT-LCI data stored in the
fourth memory unit, in the same manner as the positional relation of the
20 specimen 2, based on the signs indicative of the positions of the
specimen 2 made corresponding to the respective RT-LCI data stored in
the fourth memory unit, to composite new defect inspection image data
(RT-LCI data) (S120). Then the image generation unit 18 makes the
arranged RT-LCI data displayed on the display unit 30 (S130). After
25 the image generation unit 18 makes the RT-LCI data displayed on the

display unit 30, an increment is given to the frame number i, i=i+1, and
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di splay unit 30, an increnent is given to the frame nunber i, i=i+1, and
the flowreturns to S20. [0087] Wien the real time |ine conposition and
integration (RT-LCI) processing is carried out on the inage data taken by
the area camera 5 as described above, accumul ated inmages of scattering
optic images at a 5plurality of inmaging angles can be obtained continually.
50?88] FordepraLnlpg the RT-LCl image processing in nore detail, the inmage
ata stored_ ingthe first t ourth menory units and the i mages di splayed on
the displ aytnflpwses QHnﬁttépéescrlbed bel ow on the basis onglg 82 %ig.
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ol %o bseanaeCLPdNOIREIT e TRETB ALy tudlnoet ‘ﬁi‘%@%’r‘%‘%{“%ﬁ%@t@ﬁi of

the speci m‘v‘al%;hgﬁéd ghacﬁs 63%%159%&9 B0RUA b2 de%cﬁ%albéleva b8 the Basidi 6t ance

I ndicated b l'Tne. Nanely, the real distance indicated by

one pixel (fFhe re SQ* Ligpn %{c} FS'cxe|P1 | RA$$ WBEhté OrgsiiaHadlidpainhe
f oregoi ng no men dth’ 9] Nunmefal 400 in Fig. 8b designates the

:B:gpgg g sﬁbgﬁ'ﬁ%@&{tes Bf 1mage)da&'§%‘€61‘e'deﬁ’1 ihe rédPedtend asanbryoaitsiands of the
an image displayed on the display unit 30, for each of frames. The
horizontal axis of Fig. 8a represents time (time in frame unit). It is
assumed that the number k of types of imaging angles is set to k=3 and
the number m of rows of the differential operator is set to m=5. - It is

15 also assumed that the number of pixels of the area camera 5 is n pixels
in width (the size in the direction perpendicular to the moving direction
of the specimen 2; n is an integer of 2 or more) x 9 pixels in height (the
size along the moving direction of the specimen 2) and that the width of
one line is one pixel. Namely, pixels of one line are assumed to be n

20 pixels x one pixel. It is also assumed herein that the distance of
movement (movement width) of the specimen 2 per frame by the
conveyor 3 is equal to the real distance indicated by the width of one
line. Namely, the real distance indicated by one pixel (the resolution
of one pixel) is assumed to be equal to the foregoing movement width.

25 [0089] Numeral 400 in Fig. 8b designates the specimen 2, signs (pl,

p2, ...) described in 400 represent positions of the specimen 2, and the
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positions (pl, p2, ...) are divided every novenent width. As shown in Fig.
8b, the specinen 2 is assuned to be conveyed frombottomto top of an

i magi ng range 401 of the area canmera 5 by the conveyor 3. [0090] Nuneral
410 in Fig. 8a designates inmage data stored in the first 5 menory unit 21
Nanely, the inmage data are inmage data of original images taken by the area
canera 5. The image data 301-310 are image data taken at respective frane
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provided w Flgt%%ﬁégi a‘f‘}ééﬁéc‘?ﬂl émeot%nmbeﬁs) ][;qf 1bhe BRICHFER fn Sﬁfée

i magi ng angl'e correspon INng to eac ine data. Specificafly, for

exanpl e, "p3pAl 310"91?&%@@1%1%&6&@0% éﬁﬁ‘(‘él@@f@'ﬂlﬁefsoaé R séBad aao‘aegl e Aor
the first |iné and I1ne tlata corresponding to the position pl of

87 2 bCREL TN . I O TR O oo
in the into nine line data and the nine line data will be referred to as the first
line, the second line, ..., and the ninth line in order from the bottom of
each image data 301-310. Since the number k of types of imaging
angles is equal to 3, it is assumed herein that the line data are extracted
from the first line; the second line, and the third line. Namely, the line
15 data at the aforementioned prescribed position is assumed to be the first
line data (the lowermost line data). For description of subsequent
image data, the first line is assumed to be imaging angle A, the second
line imaging angle B, and the third line imaging angle C. For
convenience of description, each image data 301-310 is provided with
20 the position (p1, p2, ...) of the specimen 2 and the imaging angle (A-C)
corresponding to each line data. Specifically, for example, "pl-A"
indicates line data corresponding to the imaging angle A or the first line
and line data corresponding to the position pl of the specimen 2.
[0091] Numeral 420 in Fig. 8a designates line data of not less than one

25 line and not more than m lines (5 lines in this example) stored in the

second memory unit 22. Furthermore, numeral 421 designates line
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second nmenory unit 22. Furthernore, nuneral 421 designates |line data of not
| ess than one line and not nore than mlines (5 lines in this exanple)
stored in the first region 221, nuneral 422 |ine data of not |ess than one
line and not nore than mlines stored in the second region 222, and nuner al
423 line data of not |less than one line and not nore than m 5 lines stored
in the third region 223. Nanely, |ine-conposited inmage data 311-320 are
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311- 340. Foy; nyeni: e:of SCh i Pt , n o Si ' dat
311340 i o HPESTYECERE, i) IS CRaRiBIEY sRREA I e OIS haod TEBE, CAL

the Imagl noyaAdldinbOsited SRAGEESRARYU380 IR ald OF ndRldss {HAOShe Miger al 430

n Fig. 8a designhates enpha I mage data stored in the third nmenory unit

23. For Congﬁaitxﬁgqﬁofg tHIBSHT 1iRk4 g%lin%_%_ﬁ tﬁf@éb?ér'%gfés} StoRgeirfteasddondi30 i s

provi ded wi t} correspondi ng position of t pecinen 2 (p3, p4, ...)
and1phe | megidignapep and-lfde-cbftiposited image data 331-340 line data of not

less than one line and not more than m lines (5 lines in this example)

stored in the third region 223. Each of the first region 221 to the third
region 223 is divided into five zones because the number m of rows of
the differential operator is set as m=5. Each of the line-composited
15 image data 311-340 is composed of at least one and at most five line
data, and the line data indicate those stored in the first zone, the second
zone, ..., and the fifth zone of each region, in order from the bottom of
each line-composited image data 311-340. For convenience of
description, each line-composited image data 311-340 is provided with
20 the position (p1, p2, ...) of the specimen 2 and the imaging angle (A-C)
corresponding to each line data.
[0092] Numeral 430 in Fig. 8a designates emphasized image data
stored in the third memory unit 23. For convenience of description,
each emphasized image data in 430 is provided with the corresponding
25 position of the specimen 2 (p3, p4, ...) and the imaging angle (A-C), for

each of the emphasized image data.
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each of the enphasized i mage dat a. Furthernore, numeral 440 in

Fi g. 8a designates defect inspection image data (RT-LClI data) stored in the
fourth memory unit 24. Nuneral 450 in Fig. 8a designates inages displayed
on the display unit 30. For conveni ence of description, each of the RT-LCl
data 5361-370 and the inages 381-384 is al so provi ded with the

fggrefpondlng p05|t|on of the specinmen 2 (p3, p4 ...), for each line.
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10 the number k of types of imaging angles is set to k=3 and the number m
of rows of the differential operator is set to m=5. In Fig. 8c, the same
data as the data in Fig. 8a are denoted by the same reference signs. In
Fig. 8c, aj, ay, ..., and a,, represent elements of the first, second, ..., and
mth rows of the differential operator.

15 [0094] In light of these, the specific processing of RT-LCI will be
described below. It is assumed that there is no data stored in each of
the memory units at a start of the RT-LCI processing. The RT-LCI
processing is assumed to start when the top edge pl of the specimen 2
goes into the imaging range 401 of the area camera 5.

20 [0095] The image data 301 is data taken at the frame number i=1 and
shows a state in which the top edge pl of the specimen 2 is located at
the first line. At this time, the first extraction part 111 extracts line
data p1-A from the first line (prescribed line) of the image data 301 and
the first storage part 131 stores the line data pl-A extracted by the first

25 extraction part 111, into the first zone of the first region 221. The

line-composited image data 311 indicates the line data stored in the first
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| i ne-conposited i mage data 311 indicates the line data stored in the first
region 221 at this point. Since the frane nunber i is equal to 1, the
second extraction part 112 and the third extraction part 113 do not perform
the processing and, because line data is not stored in all the zones of the
first region 221, they wait for a transition to the next frame 5 [0096]
When the frame nunber i is equal to 2, the top edge pl of the specinen 2 is
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at e thi | i gt Tuk [ '
e thi rﬁr&ﬂai@@gﬁiﬁ%ﬂggﬁg g?;iﬁtﬂg@@ tha thefe Nlihblalb g figstrAaige 401 of

the area camer ken by the area canera 5 at this tine
i's the i mggrdss frsiORgid 20he afidiRerdfoRethe first storage part 131 moves the

line data pl-A in the first zone of the first region 221 (the line data of

the first line made corresponding to the position pl) into the second
zone of the first region 221 and stores the line data p2-A extracted by
15 the first extraction part 111 (the line data made corresponding to the
position p2) into the first zone of the first region 221.  Since the frame
number i is equal to 2, the second extraction part 112 extracts line data
p1-B from the second line of the image data 302 and the second storage
part 132 stores the line data p1-B extracted by the second extraction part
20 112, into the first zone of the second region 222. Since line data is not
stored in all the zones of the first region 221 and the second region 222
at this point, a transition to the next frame is awaited.
[0097] When the frame number i is equal to 3, the top edge pl of the
specimen 2 is located at the third line and the positions p1-p3 are in the
25 imaging range 401 of the area camera 5. The image data taken by the

area camera 5 at this time is the image data 303. In the same manner
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as before, the first extraction part 111 and the second extraction part 112
extract line data p3-A and p2-B fromthe first |line and the second |ine,
respectively, of the inage data 303, and the first storage part 131 and the
second storage part 132 nove up the line data previously stored in the 5
first region 221 and the line data previously stored in the second region
222, respectively, by one zone and store the line data p3-A and p2-B into
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consequence ese, I he-conposi ted I nag ata 315 stored in the
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conposi tion Irst Tines I'magi ng angle A) in the imge data 301 to
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are stored in zones the first region 221, as shown by the
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perfornms the
region 221, the second region 222, and the third region 223 at this point,
a transition to the next-frame is awaited.

15 [0098] At the frame numbers i=4 and 5, similarly, the first to third
extraction parts 111-113 extract line data p4-A, p3-B, and p2-C and line
data p5-A, p4-B, and p3-C from the first to third lines of the image data
304 and 305 and the first to third storage parts 131-133 move up each of
the line data previously stored in the first to third regions 221-223,

20 respectively, by one zone and store the line data p4-A, p3-B, and p2-C
and the line data p5-A, p4-B, and p3-C into the respective first zones of
the first to third regions 221-223. As a consequence of these, the
line-composited image data 315 stored in the first region 221 becomes
line-composited image data resulting from composition of the first lines

25 (imaging angle A) in the image data 301 to 305 of the first to fifth

frames. At the frame number i=5, the line data are stored in all the
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5 differential operator operation (arithmetic operation with a differential
filter) on the line-conposited inage data 315 to generate enphasi zed i nmage
data 341 indicating absolute values of brightness gradients in the center
line data of the line-conposited i mage data 315, i.e., the line data p3-A
stored in the third zone of the first region, and stores the data 341 10
into the third nenory unit 23. At this time, the first calculation part 151
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of ‘the | Ma0gnd5E Uaf0 842 AdIcHRidY oIl Villued oT1H AP BRIdiEndsSiir chds rove

ve inTh

up the respec | he data previously store e fifrst to third regions

221-223, eaeéné&‘_1ﬁﬁe§&t9r&tﬁe%§ete{>ﬂltﬁ#aﬁeaiiﬁ& @a G5, Ae. PheBinadgtap4- C

into the respective tirst zones o e first to third regions 221-223. As a

conseLencepsdase i igrORThy | ogentana UL el
secqpd regi pioer HREP MethbPE1#RTRIS! tARMthis time, the first calculation part
151 adds to the emphasized image data as the result of the differential
operator operation, the sign p3 indicative of the position of the specimen
2 made corresponding to the line data p3-A stored in the third zone of
the first region and the sign A indicative of the imaging angle
15 corresponding to the line-composited image data 315. At this point,
the identical position judgment/extraction unit 16 judges whether
emphasized image data of all the imaging angles (three types) indicating
an identical position (portion) of the specimen 2 are stored in the third
memory unit 23, but, because only the emphasized image data 341 is
20 stored in the third memory unit 23, a transition to the next frame is
awaited.
[0099] At the frame number i=6, the first to third extraction parts
111-113 extract line data p6-A, p5-B, and p4-C, respectively, from the
first to third lines of the image data 306 and the first to third storage
25 parts 131-133 move up the respective line data previously stored in the

first to third regions 221-223, each by one zone and store the line data
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5 image data resulting fromconposition of the first lines (inmaging angle
A) in the inmage data 302-306 of the second to sixth frames and

| i ne-conposited image data resulting from conposition of the second |ines
(imaging angle B) in the inmage data 302-306 of the second to sixth frames.
Since the line data are stored in all the zones of the first region 10 221
and the second region 222, the first calculation part 151 perforns the

o1 erent o goRer oL CREUAL) Bt RS SRS AR IR0 ©
gradients | e 2P 2 R A ARG, GRoeR pobeul e RBcbnlsRgy o
general e emmhaSk i e 3h8 HP oM A BpAe A SR O B s
orovi 46t oL ISISAOD PRI HASSLHR Akt bt MO A rorory
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01001 A LG RO S agtslihAL i BANOREH 0 R

first to thyeds|inasif ol e BYBOMIRASAlia80b 306 df heisckontifbrsbt o age

parts 131-1 p respective ne data previously stored in the

first to thig, ésggi %ﬁ&e%%é‘lﬁ?eédatﬁaﬁé shoredri APHR A0keSOPHIR filke ré'%m dat a

p7-A, p6-B, an Into t respective first zones of the first to third

regnens 221%?%%&%@ SEONRE FeSRE29D, iesest dleuldtiter parPS] peéfors mage
data 317, 327, and 337 stored in the first to third regions 221-223 becone
| i ne- conposifedliffepatidlabseratsiubpbidion o tbigelédmposited Hdde datd i nes
(itmaging angle A) in the imge data 303 to 307 of the third to seventh
frames, |i ”3'160%)0$éﬁé?§té TaRe ifice H@W'Mmdnﬂfc@ﬂingoﬁbsﬁluté ovalabstdf second
lines (imaging angle B) in the image data 303 to 307 of 10 the third to
sevent h frameiphtaess bidtiemenpotid tdel degep4ia atlreeseddrichgaloutatiomaeti ti on
of the third Ilnes (rmaging angle C) in the inmage data 303-307 of the third
to seventh flsamperfofingcthet Hifférentiallatperatoe operationi on ahle -pintiat aneageof t he
first region 221, the second region 222, and the third region 223, the
firgt cal culdatd G26pes tgeheiatpeemphasizedeimagé etatat34d indicating absolute

values of brightness gradients in the line data p3-B, the generated
emphasized image data 344 is provided with the sign p4 and the sign A
to be stored into the third memory unit 23, and the generated
emphasized image data 343 is provided with the sign p3 and the sign B
20 to be stored into the third memory unit 23. Since brightness data of all
the imaging angles (three types) indicating an identical position
(portion) of the specimen 2 are not stored in the third memory unit 23 at
this point, a transition to the next frame is awaited.
[0100] At the frame number i=7, the first to third extraction parts
25 111-113 extract line data p7-A, p6-B, and p5-C, respectively, from the
first to third lines of the image data 307 and the first to third storage
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15 operator operation on the |line-conposited i nage data 317 to generate
enphasi zed i mage data 350 indicating absol ute val ues of brightness
~gradients in the line data p5-A, the second calculation part 152 perforns
the differential operator operation on the |ine-conposited i mage data 327
to generate enphasi zed i mage data 349 indicating absolute values 20 of
brightness gradients in the line data p4-B, the third calculation part 153
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361 ol the BcomroifissCiuwaiRn ARacs daietling ol coHirfodtion T coi oy
[0101] The SEmarars DR R e A o PP e TR ed 10
amber =5 E ey oo A e L A e ane
one col umn g (RETSLepARIIRA (iftficlihg mpdemeirt gtk hnage digd 3031 BETLHT i ng

from conposition o entic { t He i mage data 301-305 of five (M

frafgs (0 geRerRir8 fohSewimthaghaRrd, ARBIEndabompdkitddithaae idiga rébulahigol ut e

val ues of brightness gradients in the |ine data p3-A (the enphasi zed i mage

data 342, 34f{ymeidmpbiitioheofiRsbireElihed (imn@sing digle Chpin theeithagerdatwinber

i =6, the differential operator operation of frve rows and one colum is

per f or med on(OBb®T iofehe akhdsid sevérnthdantiesa Bifice dselllinendathrare storgabsi ti on
of identical lines of the inmage data 302-306 20 of five frames to generate

the enphasi zgdli flRggoféd af 39S firstlregionn2? hbthel ssaondategion 2 hrarghtiess
gradients in the line data p3-B (the enphasi zed i nrage data 346 and ot hers

in the subselirénegfomaes) thé firbecdlcatationiphrr 15 Fpetfammis- the, differential
differential operator operation of five rows and one colum is perfornmed on
t he 115 ne- compesatbedperagen on the line-composited image data 317 to generate

emphasized image data 350 indicating absolute values of brightness
gradients in the line data p5-A, the second calculation part 152 performs
the differential operator operation on the line-composited image data
327 to generate emphasized image data 349 indicating absolute values
20 of brightness gradients in the line data p4-B, the third calculation part
153 performs the differential operator operation on the line-composited
image data 337 to generate emphasized image data 347 indicating
absolute values of brightness gradients in the line data p3-C, and each of
the emphasized image data 350, 349, and 347 thus generated is stored
25 into the third memory unit 23. At this time, since the emphasized

image data (emphasized image data 345-347) of all the imaging angles
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25data 337 resulting fromconposition of identical |ines of the imge data
303-307 of five frames to generate the enphasized i mage data 347 indicating
absol ute val ues of brightness gradients in the |line data p3-C. The

bri ght ness val ues of the enphasi zed i mage data 345-347 at the sane
observation position in three (k) franmes thus generated are accunul ated to
generate the RT-LCl data 361 of the position p3. 5 [0102] At the franme
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G0 eran, | DfiehUefect SRR ASMARS daid B HROURBIAS LA FOrEhdhE dSpl) I8 | he

differential operator dperation e line osited i nmage dat 8 to
gener at e enphasiF akdlARIE dRQ ingRecirh intsbeaging absol ute val ues of
bri ght ness grg?l ent glii?;gt heﬁ%i negl%ata p6-éAjg, the second cal cul ation part 152

performs tthP’(Dfé]: The érfé'raﬁ&ﬁiﬁé_@éssﬁ@bﬂipﬂﬁndéta@&i RaH Gedesorited | mage
data 328 to generate &nphasi zed | mage” data 355 indicating absol ute val ues

of i ght negsat Beliowbs the Bdies b Feg 8¢ a P& dhowhéntHipr Sccad tel fhimen part

153 perfornms~25the differential operator operation on the |ine-conposited

i mge data 33gBer i8SN@ARtRe lifbAGItZEA DY Ai3Bdlifv () rowsahsb! ut e
values of brightness gradients in thé |ine data p4-C, and each of the

FPAGE e ol (5t B s comenie il dam 180 v
(enphasi zedrégrtagdom SohpdsRiorodf adéntidad limesgoftheaimphgs datahd@e-305
of five (m) frames to generate the emphasized image data 341 indicating
15 absolute values of brightneés gradients in the line data p3-A (the
emphasized image data 342, 345, etc. in the subsequent frames). Next,
at the frame number i=6, the differential operator operation of five rows
and one column is performed on the line-composited image data 326
resulting from composition of identical lines of the image data 302-306
20 of five frames to generate the emphasized image data 343 indicating
absolute values of brightness gradients in the line data p3-B (the
emphasized image data 346 and others in the subsequent frames). At
the frame number i=7 (=m+k—1), the differential operator operation of
five rows and one column is performed on the line-composited image

25 data 337 resulting from composition of identical lines of the image data

303-307 of five frames to generate the emphasized image data 347
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5 types of A, B, and C) indicating an identical position p4 of the specinen
2 are stored in the third nenory unit 23, the integration unit 17

accurul ates the brightness val ues of the enphasi zed i mage data 351-353 to
generate RT-LClI data 363 of the position p4, and stores the data 363 into
the fourth nmenory unit 24. Then the imge generation 10 unit 18 arranges
the RT-LCI data 362, 363 in order of p3 and p4 fromthe top so as to nmake
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30 and a defect i'nspection inmag e positions and p6 is

di spl ayed o g, ¢hizal iiYeBF Eh?gn})a Bata? 308 ark) & st Yh1¢RirdNRoRQ ti ons

of the specinen 2 are assune positions pl to p478, the |ast” process

is carried pﬁhsamf-?k;%@'ve%{ e redpediife N4t }g‘x}%@i@ouﬁ?fs%ﬁed fsfRCt i on

i mge data resulting fromarrangenent and conposition of " RT-LClI data of the

posi tions pgrpdutiisd egTRmst 2L D23t RacKitRPbAY Adel ardf sti€ thed@iedhta
i nspection i mge of the positions p3 to p478 is displayed on the display

uni 11 030. Th?BEAQP%BE had go-deimetthenespedtivanfirsEgmeatabftitafirfieoohin ned for
nost (474/478) of the positions of the specinen 2. If an object to be

TSt o | selobbragl S A4 e cpasana BF o 5, e cpmot 2, o
The detai | sjghgthiatasil8NBRB| and33@estorerdirctie fiest touthiddyreghens 221-223
become line-composited image data resulting from composition of the
first lines (imaging angle A), the second lines (imaging angle B), and
15 the third lines (imaging angle C) in the image data 304-308 of the fourth
to eighth frames. Since the line data are stored in all the zones of the
first region 221, the second region 222, and the third region 223, the
first calculation part 151 performs the differential operator operation on
the line-composited image data 318 to generate emphasized image data
20 356 indicating absolute values of brightness gradients in the line data
p6-A, the second calculation part 152 performs the differential operator
operation on the line-composited image data 328 to generate
emphasized image data 355 indicating absolute values of brightness
gradients in the line data p5-B, the third calculation part 153 performs

25 the differential operator operation on the line-composited image data

338 to generate emphasized image data 353 indicating absolute values
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10 change anount cal culation unit 15 will be described bel ow on the basis
of Fig. 9. For sinplicity of description, the nunber of pixels of the area
canmera 5 is assuned to be 4 pixels horizontal x 9 pixels vertical (n=4).
Except for the above, the conditions used in the description of 15 Figs.
8a to 8 will be applied as they are. Fig. 9 is a drawi ng showi ng an
exanpl e of |line-conposited i nage data consisting of a plurality of |ine

(e chargs SRR PBICTA, Y it G ST
shoun ' SRR 0o s Wil ol el b
(g expordf AR PR i, e T 4 B e
A
it et

y the al cul'at r

cal cul at ed change anount c ion unit 15. I X 464 shown in

Fig. 9 conshg(t[ﬁngiatéggﬁy t rgg}gtﬁkb'ﬁesvélﬁeé hgf Nl iéfné@é;siiﬁégggﬁg%?aﬂg%l_ 356

brightness values o IXels in the enphasize (
shown in Figg18653 E(Eg@ﬁbrawq{]lh@lgéaﬁ”%mbfctﬁé?Bsﬁﬁéﬂgﬂlﬂ@hﬂ skbrabftiel Pl i es
the matrix 461 by t matri x 462 of the differéential oOpérator.

Speci fi cal | Yataf B63tintd ke fofikth B @hitthe NThehxhéGindge Fehéraploned by
the matrix 462 to 10 calculate a valfue in the first colum of the matrix

4631 oNanel yynitheg fagtdndes tHe RTDCRHaeN362, BEBTiar orlér ot phend p4tfre@l um of
the matrix 461 to calcCulate the value in the first colum of the matrix

463. The catlfdit@p isonad $o afake®lthe WI-IBK datd) 389x 363) ddespbridifix ito1fiex 2=10.
Subsequently, the second to fourth colums of the matrix 461 are

positional relation of the specimen 2, to composite new defect

inspection image data, and outputs the image data to the display unit 30.
At this time, the display unit 30 displays a defect inspection image 382
15 of the positions p3 and p4.
[0103] In the same manner in the following operation, at the frame
number i=9, defect inspection image data resulting from arrangement
and composition of RT-LCI data of the positions p3, p4, and p5 is
outputted to the display unit 30 and a defect inspection image of the
20 positions p3, p4, and p5 is displayed on the display unit 30; at the frame
number i=10, defect inspection image data resulting from arrangement
and composition of RT-LCI data of the positions p3, p4, p5, and p6 is
outputted to the display unit 30 and a defect inspection image of the
positions p3, p4, p3, and p6 is displayed on the display unit 30. Then,
25 for example, when the positions of the specimen 2 are assumed to be

positions pl to p478, the last process is carried out as follows: at the
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15 multiplied simlarly by the matrix 462 to cal cul ate val ues of the second
to fourth columms in the matrix 463, whereby the matrix 463 is generated as
bri ght ness data of the center line of the |ine-conposited i mage data. In
this manner, the change amount cal culation unit 15 nultiplies the

| i ne-conposited i mage data consisting of five line data, 20 by the
differential operator to calculate |ongitudinal brightness gradients of the

o1 1 ot nese. G mbar ot SRR RRebREC iBRbE; dhRHERPR TEAR 1, 1 0°
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| he detect POyl AR S dinen L hef AR UIABLRPDE iRt defiButde |1 hear

| i ght sourc I's b e 7 and 1| i ncident directly,

in the specgﬁggttﬁe fﬁggcipbgggps-?%%noftthe Spithenl 2V aheedefott BhsgttiRess

gradients d a presence/absence of the defect and the

magni tude ol agefiabs bal basalieddioRthe WhdleRtjéant in determ ning whet her

there is a ct or not. erefore, as showmn by the matrix 464 in Fig. 9,

the change Wﬂﬁ' eutald OF tHY tarkhniftiigibcedng@beatriede outl bpsttef the

matrix 463 ghtness gradi ents generated by thée change anount
cal ql ation cﬁﬁh%e Bourkdleulatbaraiie 15hwilier desciibed Belodesarthbdsasibove,

t he change anount cal culation unit 15 replaces the brightness val ues of the
respective pifqeles 9.n FbE shfiplielty! b desériptien, thenaaitrrsof Eﬂxélsﬁg‘eﬂﬂﬁt awth
absol ute val ues "of | ongitudinal brightness gradients at the respective

pi xel s to gaped ehmere's akasheddoi badepidais hotizontall x ik pitelsusmtiofl t he 20
absol ute values of brightness gradients in this manner, the defect on the
bright side(asd)the defect on the dark side both make the same positive
contribution, so as to nmake the discrimnation of the ﬁresenqe/-absence of
def ect easier. FuE}iﬁ:@Fﬂﬂbﬁxhsiabo&e;ﬂeedehdiii(msnuse:dlenli eglescsptienaefl on t he
dark side can be handled in the sane manner, it is sufficient to 25arrange
t he lidmagi ng Figano®a té Stheilhbe appliedras theyoares tKigePdss dreving showing

an example of line-composited image data consisting of a plurality of

line data stored in the second memory unit 22, the differential operator
used by the change amount calculation unit 15, and values of
emphasized image data calculated by the change amount calculation
20 unit 15.
[0105] Matrix 461 shown in Fig. 9 is a matrix of five rows and four
columns whose elements are brightness values of all the pixels in the
line-composited image data (corresponding to the line-composited
image data 315, 326, 337, etc. shown in Figs. 8a and 8c) consisting of
25 five line data stored in the second memory unit 22. Matrix 462 shown

in Fig. 9 is the differential operator (differential filter) of five rows and
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edge 7, in positioning of the optical system Furthernore, accurate

i nspection can be perforned w thout need for precisely positioning the
knife edge 7 in alignment with the horizontal direction of the area canera
5. Nanely, there is no need for highly accurate arrangenent of the optical
systemin the dark field nethod, which makes the 5 arrangenent sinpler

t han before. For this reason, |nprovenent I s achieved in inspection

E?I ce’syst 0 o0 Ef%:aﬁéécﬁyn TRE FieBids BB, ARt iR, I PN T e
performeg o%gbhszly mrﬁa%e@giﬁ glf?é@{]ggﬁ‘\(%e area canerg&gln%%%?gfeggtlzan
of & ﬁé_“é?&ﬁ'ﬁ%@ﬁgﬁﬁ A o8 Al R PSRl NRa b F‘?‘%SC Sod, as
L AL e
T Wb s
e S e ﬁ?&i&é&ﬁgﬁi "

om 0 1 ntended angl e

different f of reflection in design of the optical

system in ngi}fécmd%ﬂﬁoﬂ62*tﬁf fRediff@Rneial @?ﬁréﬂ@@ r Sl @fﬁ@dl}i ifast, g enter

the area canera 5 wth a shift fromthe optical axis thereof. If the |ight

fromthe |ifRar dolgih sPUMRe rathi% YBILNIEThRIIdY Bhithe esatrigrd6detoopt i cal

axis to enter the area canera 5 because of influence of the thickness and
war ggge of EARUEAEPSGIIES 18 the ﬂl%%cddlﬁﬁﬂl abake mhatrix 630t Nenwlgcthien nat ed

froma shift of the optical axis due to a defect on the specinen 2 and can
be m sread following calculation is performed on the first column of the matrix 461
to calculate the value in the first column of the matrix 463. The
calculation is as follows: 98x(—2)+99x(—1)+100x0+101x1+102x2=10.
Subsequently, the second to fourth- columns of the matrix 461 are
15 multiplied similarly by the matrix 462 to calculate values of the second
to fourth columns in the matrix 463, whereby the matrix 463 is
generated as brightness data of the center line of the line-composited
image data. In this manner, the change amount calculation unit 15
multiplies the line-composited image data consisting of five line data,
20 by the differential operator to calculate longitudinal brightness gradients
of the center line data in the line-composited image data, thereby
generating the brightness data. By calculating the gradients of
brightness values of the line-composited image data, it becomes easier
to detect a small defect, a thin defect, or a faint defect on the specimen
25 2.
[0107] If the brightness gradient calculated by the change amount
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as a defect on the specinen 2. [0109] In the transm ssion scattering
nmethod, if the specinen 2 is relatively thin, if the curvature of the
specinen 2 is relatively small, or if an angle of incidence (angl e between
the Z-axis in Fig. 2 and the optical 5 axis of incident light to the area
canera 5) is relatively small, as shown in Fig. 10 (a), the shift of the
optical axis is small, so as to cause a relatively snall effect on the
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plurality o ng angl e Feby suppressing t uence t he shift

of the optigal RxhSt MEdER: WhRctY THNASSsimeAr PAOF Rf tHif GeaRAL RN 2.
signs of values of brightness gradients do not affect the

10 presence/absence of the defect and the magnitude of each brightness
gradient is important in determining whether there is a defect or not.
Therefore, as shown by the matrix 464 in Fig. 9, the change amount
calculation unit 15 obtains the absolute values of the matrix 463 of
brightness gradients-generated by the change amount calculation unit 15,

15 to generate the matrix 464. As described above, the change amount
calculation unit 15 replaces the brightness values of the respective
pixels in the center line of the line-composited image data with absolute
values of longitudinal brightness gradients at the respective pixels to
generate new emphasized image data of one line. In use of the

20 absolute values of brightness gradients in this manner, the defect on the
bright side and the defect on the dark side both make the same positive
contribution, so as to make the discrimination of the presence/absence
of defect easier. Furthermore, since the defects on the bright side and
on the dark side can be handled in the same manner, it is sufficient to

25 arrange the imaging range of the area camera 5 so asto  cross the knife

edge 7, in positioning of the optical system. Furthermore, accurate
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[0111] In the present enbodi nent, the distance of novenent of the specinen
2 fromtaking of a certain inage to taking of a next image 25(one frane
duration) by the area canera 5, i.e., the novenent width, is equal to the
real distance indicated by the width of the |ine data extracted by the
data extraction unit 11, but the present invention is not limted to this
exanpl e. For exanple, in a case where the conveyance speed of the conveyor
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of well-kno technrgues, It 1I's possi to use any one of the 20wel | - known
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of the present enhbodinent is provided with the first to kth regions

221-18pk, t h?nfd'%gsaaﬁaotdﬁae? %%@Eﬂﬁeapééﬁqérélﬂ,'thékdﬁ%@ﬂ ckhebé idceurdtelykt h

storage parts 1- 13Kk, ans for storing'the line data of the first to

kth l'ines exdetatbdwitholh®eilis affoctéddy ehe uhidkndBd land wiarphgs eofréye be
replaced by k FIFO (First In, First Qut) nenories
specimen 2. In the conventional transmission scattering method, as
shown in Fig. 10 () and (b), if the specimen 2 is relatively thick or if
the-specimen 2 is warped, the light emitted from the linear light source-4
15 can be refracted in transmission through the specimen 2 to enter the area
camera 5 with a shift from the optical axis thereof. In the conventional
reflection scattering method, as shown in Fig. 10 (c), if the specimen 2
is relatively thick or if the specimen 2 is warped, the light emitted from
the linear light source 4 can be reflected at an angle different from an
20 intended angle of reflection in design of the optical system, in reflection
on the specimen 2, and the reflected light can enter the area camera 5
with a shift from the optical axis thereof. If the light from the linear
light source 4 is unintentionally shifted from the optical axis to enter the
area camera 5 because of influence of the thickness and warpage of the

25 specimen 2 as described above, it cannot be discriminated from a shift

of the optical axis due to a defect on the specimen 2 and can be misread
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that store the respective line data of the first to kth lines extracted by
the data extraction unit 11. In this case, each FIFO nenory is
provided with first to fifth zones for storing the respective |ine data of
one line, and at every reception of new line data, it stores the received
line data into the first 5zone, noves up data stored in the second to
fourth zones to the third to fifth zones, and discards data stored in the

lI Hent gggﬁf}# ?ﬁ%ééﬁh%glkéﬁﬁcﬁ@:e?%igﬁgﬂgf "ot ?te h?r S?eﬁi‘ﬁ?r ?niebf i Lhtxieg ot
sobr oo P Ot e gt 8% o RS B,
ﬁ;;egeu:gse?#ﬁﬁvgﬁgﬁgL.gﬁgg%ﬁ%ﬁﬁﬁﬁﬁgg, eﬁgg?ﬁhg&?g%ﬁﬁﬁégggagga%hgﬁﬁfine, or
unit . For eg%%%gge%f#gmﬁﬁﬁg%t%él@%emg@n TRID UxThiFY. 2 AR GptiERMr Y
5 axis of incident light to the area camera 5) is relatively small, as shown
in Fig. 10 (a), the shift of the optical axis is small, so as to cause a
relatively small effect on the image taken by the area camera 5. On the
other hand, if the specimen 2 is relatively thick, if the curvature of the
specimen 2 is relatively large, or if the angle of incidence is relatively
10 large, as shown in Fig. 10 (b), the shift of the optical axis becomes large,
so as to cause an unignorable effect on the image taken by the area
camera 5. In the reflection scattering method, in addition to the
foregoing, even if the angle of reflection is slightly different, the shift of
the optical axis will become large in comparison to the-distance between
15 the specimen 2 and the area camera 3.
[0110] In the present embodiment, the optical axis can also be shifted
by virtue of the thickness and/or warpage of the specimen 2, as in the
conventional methods. However, the present embodiment involves
calculating gradients of brightness values of image data taken by the
20 area camera 5 and integrating absolute values of gradients at a plurality
of imaging angles, thereby suppressing the influence of the shift of the
optical axis due to the thickness and warpage of the specimen 2.
[0111] In the present embodiment, the distance of movement of the
specimen 2 from taking of a certain image to taking of a next image
25 (one frame duration) by the area camera 5, i.e., the movement width, is

equal to the real distance indicated by the width of the line data
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15 data 301-310 shown in Fig. 8a are not used in the RT-LCl processing
after the extraction of the line data, but they may be saved in the first
menory unit 21 or the like. [0115] Furthernore, a snoothing process nay be
carried out before or after the change amount cal culation unit 15

calcul ates the gradients of 20 brightness values of |ine-conposited inmage
data. The change anount cal culation unit 15 to cal culate the gradi ents of
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enphasi ze brightness change,” on t ne-conposi‘ted i nage data. 10 [0116]

The defect iAsRECHHO é}'ﬁgﬁ [ ' ] afyh unit 18

may be out puttegcg‘#et ngét e %ag tﬁ%g?ﬁéaﬁggsagr%%%lgfﬂ?ge Egéa%rhﬁfé

appropriate . ' ' t Hoenfeef BYtesitiftRigt | on

i mge data r?oh?ée C ’ggfré I iégﬁ?gﬁrgygig%sﬁ%?ggt%get he def ggtexgan be

out gt t ed amigheaR!(A%E ixéls)gms fRASfraitartsy e dafazaitrantionlinitsl icarki ed out,
re

a region of not nore than a scri bed siZe nmay be renpbved as noi se, out of

regi ons cor pEsdondes widedtbeist ahins cafinbhBe Rchiwiedasktivseacthdatal (bri ght
regions in the present enbodinent). This allows the defect inspection inmge

data nore agéstaacelindicatid dlyi the Widtidefeabl line kiate wxprHcted! byntheddatd ayed.

Furthernore, in the case where
extraction unit 11 and the movement width (e.g., where a ratio of the

resolution per pixel of the area camera5-and the movement width is an
15 incomplete value like 1:1.05), the same RT-LCI processing can be
performed by correcting the positions of the line data using the pattern
matching technology. Since the foregoing pattern matching
technology can be readily implemented by hardware and there are a
variety of well-known techniques, it is possible to use any one of the
20 well-known techniques suitable for the RT-LCI processing.
[0112] The image analyzer 6 of the present embodiment is provided
with the first to kth regions 221-22k, the first to kth judgment parts
121-12k, and the first to kth storage parts 131-13k, as means for storing
the line data of the first to kth lines extracted by the data extraction unit
25 11, but these may be replaced by k FIFO (First In, First Out) memories
that store the respective line data of the first to kth lines extracted by the
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20 binarization is carried out, the defect inspection may be perforned
based on whether a brightness value of each pixel in the binarized i mge
data is a brightness indicative of a defect (a high brightness in the
present enbodi nent). [0117] In the present enbodi ment, the defect of
the specinen is 25inspected by the dark field nethod of taking the

t wo- di nensi onal i nages of the specinen with the use of the knife edge 7 and

det ect i t d { > i ght iti d by light tt db
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a dark posi caused by 'sc ering of Tight efect of the

speckmen Z)Zé)ﬂe,txﬂgv%r;a gaggai ﬁbgbgt frgﬂ';eogbd'dﬂdlfs f@dﬁ?z@fﬁe& he the wBig tbi ght

10solrce 4) Int at a r detect 1nspection. [0118] In the present

enbodi ment §ig, %&Cﬁngrﬁgﬁ:‘rgg Adtd StoP&d IR fi®VEsne.one frame duration, but

the present invention does not have to be [imted to this; for exanple, the

RT-LCI prOC?ﬂﬂglmﬁgﬁe%ﬂérﬁ%ﬁ%eﬁvﬁw aPE£ Tahidrg s fi§ Aiediunat fhen; or,
after conpletion of 1nmaging, imge 15 processing of line conposition and

i ntegrati ongsddfiledl 2 19 mid\edBy tht cBhOEPSEBNBuEe Preseaf inwvstivn isfst t he

taken i mage data together. Specifically, when a hi gh speed canera is used

as the arealigff®] 3o thid lexatple! fthe Wdint ds et eherd e relbtivel nivveseasi ng in
real time (or every one frane duration); therefore, inages taken by the

hi ghgspeed peafwéch iecaredCagidorat and eh@spédiags Pata in a menory device such
as a hard disk drive, and the inmage processing of |ine conposition and

integration[GiM] K the préenenbbdiments she riataigredsectve dEthe RT-MUTl e
readi ng out the saved inmage data in time series. The processing of |ine

gce)glé?ﬂjgijogggc\s/tﬁeé,sisi\ggﬁgr airimetebday afienoked the drhapet data, rlaed datarectcas
may be discarded each time, or may be saved as backup data in the
same memory unit-or in-another memory unit. For example, the image
15 data 301-310 shown in Fig. 8a are not used in the RT-LCI processing
after the extraction of the line data, but they may be saved in the first

memory unit 21 or the like.
[0115] Furthermore, a smoothing process may be carried out before or
after the change amount calculation unit 15 calculates the gradients of
20 brightness values of 1ine-composited image data. The change amount
calculation unit 15 to calculate the gradients of brightness values of
line-composited image data may be replaced with a smoothing
processing unit to generate emphasized image data by performing the
smoothing process using a smoothing operator of m rows and one

25 column, on the line-composited image data consisting of a plurality of

line data stored respectively in the first to kth regions 221-22k. When
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25be referred to as software LCl processing. [0119] The present enbodi nent
enploys the PCinstalled with the 1inmage processing software, as the inage
anal yzer 6, but the present invention does not have to be Iimted to this;
for exanple, the area canera 5 may incorporate the inage anal yzer 6; or, a
capture board (an expansion card of PC) to capture imge data fromthe area
canera 5, 5instead of the PC, may incorporate the inmage analyzer 6. [0120]
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operati on. [0121] For exanpl®,” when the specimen is Scanned by the

bri gt fi el ?O?FSHETPféd defét@rﬁls@%@tiéﬁsﬁﬁagéed@tat BenpdietedoBROthd Eighdgege data

extracted
generation unit 18 may be outputted after the brightness values are

v

binarized by an appropriate threshold. This removes noise so that the
defect inspection image data more clearly and accurately indicating the
defect can-be outputted and displayed. In the case where binarization
15 is carried out, a region of not more than a prescribed size may be
removed as noise, out of regions corresponding to defect regions in the
binarized image data (bright regions in the present embodiment). This
allows the defect inspection image data more accurately indicating the
defect to be outputted and displayed. Furthermore, in the case where
20 binarization is carried out, the defect inspection may be performed
based on whether a brightness value of each pixel in the binarized image
data is a brightness indicative of a defect (a high brightness in the
present embodiment).
[0117] In the present embodiment, the defect of the specimen is
25 inspected by the dark field method of taking the two-dimensional
images of the specimen with the use of the knife edge 7 and detecting
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fromthe respective taken i mage data becone substantially identical. In
such cases, enphasized inmage data nay be generated by applying different
differential operator operations to the respective |ine-conposited image
data being substantially identical. Various defects can be detected by
integrating a plurality of enphasized i mage 5data generated using the
different differential operator operations. [0122] In the present
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[0118] In the present embodiment the RT-LCI processing is performed

every one frame duration, but the present invention does not have to be
limited to this; for example, the RT-LCI processing may be carried out
every prescribed frame duration; or, after completion of imaging, image
15 processing of line composition and integration similar to the RT-LCI
processing may be carried out for the taken image data together.
Specifically, when a high speed camera is used as the area camera 5, it
is difficult to perform the RT-LCI processing in real time (or every one
frame duration); therefore, images taken by the high speed camera are
20 saved once as image data in a memory device such as a hard disk drive,
and the image processing of line composition and integration similar to
the RT-LCI processing may be carried out while reading out the saved
image data in time series. The processing of line composition and
integration that is not carried out in real time, as described above, will
25 be referred to as software LCI processing.
[0119] The present embodiment employs the PC installed with the
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generated by the change anount cal culation unit 15; the integration unit

17 accunul ates, at respective pixels, brightness values of the plurality of
enphasi zed i nage data extracted by the identical position
judgment/extraction unit 16 to generate the defect inspection inmage data.
Furthernore, the operation may be arranged as follows: the identical 5
position Judgnent/extractlon unit 16 extracts a plurality of
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The present L@félgghﬁﬁé preYHtV&A bR Bat gﬁ@c e drilGid Ealglatioh sRRCi Ty (or

I dentify) t I'on*on the specl nen ch extracte | ne data when

the data exykacidrpdlidi {helldﬁ'féré GhHP 6 é‘ra'tdnneo ﬁohr Q§ihBe theOshagen i mage

data, but the present invention oes t have limted to this. The
sign to Speagfarehﬁﬁl B@ététbpencan Eﬁae]?a@m hﬂﬁge?da‘ié‘@td}@d%ciﬁé ré%)éd@ﬁ/e' mage
data (the taken 1mage“data, |ine | i ne-"conposited | mge

crmhast 21, EOAS U o, sork by i Bl o gressvetion dos
10 not have to be limited to this. For example, the change amount
calculation unit 15 may be configured as follows: the first calculation
part thereof performs the differential operator operation using a certain
differential operator A, on the line-composited image data (315 and
others) stored in the first region; the second calculation part performs
15 the differential operator operation using a differential operator B
different from the differential operator A, on the line-composited image
data (326 and others) stored in the second region; the third calculation
part performs the differential operator operation using a differential
operator C different from the differential operators A and B, on the
20 line-composited image data (337 and others) stored in the third region.
In addition, an operation using another operator to emphasize brightness
change may be performed, e.g., a smoothing operator or the like, instead

of the differential operator operation.
[0121] For example, when the specimen is scanned by the bright field

25 method, there are cases where the line-composited image data extracted

from the respective taken image data become substantially identical.
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25extracting the line-conposited i mage data (or enphasized i nage data)

I ndi cating an identical position of the specinen 2. Furthernore, wthout
adding the sign to specify the position on the specinen 2, to each i mage
data, the identical position judgnent/extraction unit 16 may be configured
to specify and extract the line-conposited i mage data (or enphasized i mage
dat a) indlcatlng an identical position of the specinen 2. [0125] [Exanpl es]
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10 the specimen 2, but the present invention does not have to be limited to

this order. For example, the operation may be arranged as follows: the
identical position judgment/extraction unit 16 first extracts the
line-composited image data indicating an identical position of the
specimen 2 and thereafter~the- change amount calculation -unit 15
15 performs the operator operation on the line-composited image data
extracted by the identical position judgment/extraction unit 16, to
generate the emphasized image data.
[0123] In other words, the operation may be arranged as follows: the
change amount calculation unit 15 performs the operation using the
20 operator to emphasize brightness change, on each of the plurality of
line-composited image data composited by the data storage unit 13, to
generate each of a plurality of emphasized image data of one line or a
plurality of lines; the identical position judgment/extraction unit 16
extracts a plurality of emphasized image data indicating an identical
25 position of the specimen 2, from the plurality of emphasized image data

generated by the change amount calculation unit 15; the integration unit
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[0126] The setting of inmage processing in the RT-LClI processing was k=15
and me5 or 7. The nunber of pixels of the Iine data extracted by the
data extraction unit 11 was 512x 1 pixels and the novenent width was set to
5 be equal to the real distance indicated by the width of the |ine data.
[0127] First, an exanple of execution of the RT-LCl processing will be
descri bed on the basis of Fig. 11. The image shown in Fig. 11(a) is an
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positions on the specinmen 2 correspond to positions on the image, it is
posgjpbl e tOEHgﬁ%é@é @lhﬁi%dj%ﬁ HachWoe tiee Wity of liok-csthpositéd ihepet ed on

t he speci ne , by observation of the -LCl 1rmage. [0123] Next, an exanple

of the RT-Lghtd BREGcRE! BY TRE idkhaticalspositiod judgment/extraction unit 16, to

generate each of a plurality of emphasized image data of one line or a
plurality of lines; the integration unit 17 accumulates, at respective
pixels, brightness values of the plurality of emphasized image data
15 generated by the change amount calculation unit 15 to generate the
defect inspection image data.
[0124] The present embodiment involves adding the sign (identifier) to
specify (or identify) the position on the specimen 2, to each extracted
line data when the data extraction unit 11 extracts the line data from the
20 taken image data, but the present invention does not have to be limited
to this. The sign to specify the position on the specimen 2 can be
added to the image data (the taken image data, line data,
line-composited image data, emphasized image data, etc.) before the
identical position judgment/extraction unit 16 performs the process of
25 extracting the line-composited image data (or emphasized image data)

indicating an identical position of the specimen 2. Furthermore,
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different differential operator in the change anount cal culation unit 15 5
w Il be described on the basis of Fig. 11. Fig. 11(a) is the image (the
480t h franme) taken by the area canmera 5. Fig. 11(b) is the draw ng show ng
an exanpl e of the RT-LCI image obtained by using the setting of m=7 and
performng the RT-LClI processing using a matri x of seven rows and one
colum (-3, -2, -1, 0, 1, 2, 3)T as a differential operator, 10 on the
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is the aritQmati C processing suitable for enphasis of only point defects of
medi Um degr€e. 20[0129] An exanpl e using another differential operator is

shown in Fi i (a) is an original inmage taken by the area canera
5. Fig. 12 l)jlﬂs[]gh%flﬁg‘%gonposi ted inage at a certain i mging angl e near

an edge of the orighngbidpaaay AUSsE TBY Sxafidle 12 (Mich SheNRATLET | mmge

X
obtai ned by using the setting of nr/ a perform ng the RT-LClI 25processing

using a mat pwcégéir{g Was pRYforAld 6R¢hé ﬁhﬂ%g dat2takeh by thel ared) dandérass,
differentiat operator, on the original image. [0130]" Next, an exanple of

| mgi ng w tp1 ﬂg@ dérddranSpERidiesPaetnd! §eenial pq?.we._ t Phé haafiobbdgrifal
direction of the area canera is"shown in Fig. 13. Fig. 13 (a) is an
origpnal inpge hrdgencdieddnes angadcawes aas -ddutle-spded blprogreasivenescaanposi t ed
image at a certain imging angle near an 5 edge of the original inmage,

which is eqHigctibnied thmeranaaodilei (XCHR50e asefibtlei doerct Somysyst em

using the conventional |ine sensor. It is seen with reference to Fig. 13
(b) that thedrpbtativrle Furthamdregehé det ofithe anda tdagneraghtuseddeas @ dar k.
In the defect 1nspection systemusing the conventional |ine sensor, as

seen, therelems(facal tidthda3s rirhpeavatablehfroni Tanmagsn Cakehtd.n witle a
positional relation between the |ine sensor and the knife edge. Nanely, the

convent i onabnanséeension tubmt Theaiumbbe cpixels efithepaeai camerss Gl is unl ess
the optical systemincluding the |ine sensor and the knife edge was highly
accubat el y pd2xuBOnsictels-and the résylutionaperRpixetiis ithgem/piteli nélhebgrassi ng t he
setting of nmF5 and )
camera 5 was focused on the surface of the specimen. The frame rate
of the area camera 5 was 60 FPS and imaging was performed in the
ordinary TV format. The imaging was performed for eight seconds
with the area camera and the RT-LCI processing was performed on 480
20 images. The conveyance speed of the conveyor 3 was set at 4.2
mm/sec. Namely, the specimen 2 was set to move 70 um per frame.
A 22-kHz high-frequency fluorescent tube was used as the linear light
source 4. The illumination diffuser panel 8 used herein was a
3mm-thick opalescent PMMA (polymethyl methacrylate) sheet. The
25 knife edge 7 used was an NT cutter. The specimen 2 used herein was a

transparent PMMA sheet having defects such as bank marks and pits.
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15 performng the RT-LCI processing using a matrix of five rows and one
colum (-2, -1, 0, 1, 2)T as a differential operator, on the original
image. It is seen with reference to Fig. 13 (c) that the RT-LCl image is
not affected by inclination of the knife edge 7, which is different from
Fig. 13 (b). Nanmely, the defect inspection system1l of the present

i nvention 20 is able to accurately detect the defect even if the knife

of ‘the ar caldbatey 108 e ql pREd PReESuRb Y b RETCH Bio G st g "
operator to t—li RTr LCl ol cessing will be described on the basis of Fig.
14. 25Fig. H ?aﬁnq@ gn 16?1 gi nal inmage taken by the area canera. Fig. 14
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{“ﬁg ified 109btdtiBed BR tAE MASiSHEFid. 180 | Thé MRiagkahBwRiEFad SOl (d)ckuged in
original image, which is an image of the last frame (480th frame) in a
video sequence taken by the area camera 5. This original image is the

10 same kind as the image shown in Fig. 5 (a). In the original image
shown in Fig. 11 (a), as in the case of Fig. 5 (a), the dark part in the
bottom region is a position where the light is blocked by the knife edge
7, the bright position near the center is a position where the light from
the linear light source 4 is transmitted, and the dark part in the top

15 region is a position where the light from the linear light source 4 does
not reach, which is out of an inspection target. The dark position
projecting upward from the lower edge of the original image shown in
Fig. 11 (a) is a shadow of an object placed as a mark. Furthermore, the
image shown in Fig. 11 (b) is an RT-LCI image obtained by performing

20 the RT-LCI processing on the image data near the knife edge 7 of the
original image and arranging the RT-LCI data in accordance with the
original image. Defects are indicated at positions of bright positions in
the RT-LCI image. It is seen with reference to the RT-LCI image that
there are defects such as stripe bank marks and spot pits on the

25 specimen 2.  Furthermore, since positions on the specimen 2

correspond to positions on the image, it is possible to readily distinguish
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techni cal scope of the present invention. [0133] Finally, the blocks of the
i mge analyzer 6, particularly, the data extraction unit 11, the first zone
judgnment unit 12, the data storage unit 13, the every zone judgnment unit

14, the change anmount calculation unit 15 15, the identical position
judgment/extraction unit 16, the integration unit 17, and the inmage
generation unit 18, may be configured by hardware | ogic such as FPGA (Field

B e R,
IE]I;GIAi gfar Cﬁpbgi%@ggﬁ&&?&';y a?lcorrpar gF gp ?(rjlr birrﬁalr ?z;?: Em, Otrat g?(t '[ gcglnon
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operator, m ers to ata o

ST 000 PO et ) At

Ll . tiplrcation resul So on.
[ Modi fi cati gio i Bh&Sample of the RT-LCI image obtained by using the setting

of m=7 and performing the RT-LCI processing using a matrix of seven
rows and one column (-3, -2, -1, 0, 1, 2, 3)T as a differential operator,
10 on the original image. The RT-LCI image shown in Fig. 11 (b) is an
image resulting from processing to emphasize longitudinal brightness
gradients of the image data of the original image. This differential
operator is the arithmetic processing suitable for detection of a defect of
very faint unevenness. Fig:11 (c) is a drawing showing an example of
15 the RT-LCI image obtained by using the setting of m=7 and performing
the RT-LCI processing using a matrix of seven rows and one column
-1, -1, -1, 6, -1, -1, —1)T as a differential operator, on the original
image. This differential operator is the arithmetic processing suitable
for emphasis of only point defects of medium degree.
20 [0129] An example using another differential operator is shown in Fig.
12. Fig. 12 (a) is an original image taken by the area camera 5. Fig.
12 (b) is a line-composited image at a certain imaging angle near an
edge of the original image. Furthermore, Fig. 12 (c) is an RT-LCI
image obtained by using the setting of m=7 and performing the RT-LCI
25 processing using a matrix of five rows and one column (=2, -1, 0, 1, 2)F

as a differential operator, on the original image.
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5The change anount cal culation unit 15 may be configured so that the nunber
of rows and the nunber of colums in the differential operator used can be
properly set in accordance with the nunber of lines of the |ine-conposited
i mge data stored in the second mermory unit 22. Furthernore, the enphasized
| mage data generated as the result of 10 cal culation by the change anount
calculation unit 15 does not have to be limted to the data conposed of one

'tihgergiufjlte B AN Rt T® b 1t SR o KPR bhibe neliRer o3
and ex
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manner that yal dEE@c? dm?@@ctfgh s teﬁf‘tu%m% tﬂé%&l%ﬁﬁoﬁﬁl lifRaserdat.a [tofs dEf ect

i nspection and t ct 1nspection I's carried out based thereon. 25[0137]
The i mage ag@éﬁ’%&iﬂ} Pefe?erﬂ:reof()' gd%tﬁa% k%ﬁﬂ%@df@@q | RGbrightt ) to
execute comuands of a control ogr I mpl enent ati on t he Tespective

functi ons, anﬁi%(ﬁgﬁgj sRI¥ ¥ @lﬁﬂPr YIn $h&rdef8ct ﬁ%ﬁe@ﬁ@ﬁ%}fmmr 0§haMmhed RAM

(random access neno to devel op the foregoing program a storage device
(recording %Hv&ﬁoﬁalctin@%eﬁs&e TR $eeng théRy tvashe sigiifieahn effecoohatheand

various data, and

10 image taken in the positional relation between the line sensor and the
knife edge. Namely, the conventional system could not obtain the
accurate inspection result unless the optical system including the line
sensor and the knife edge was highly accurately positioned. Fig. 13 (c)
is an RT-LCI image obtained by using the setting of m=5 and

15 performing the RT-LCI processing using a matrix of five rows and one
column (-2, -1, 0, 1, 2)" as a differential operator, on the original image.
It is seen with reference to Fig. 13 (c) that the RT-LCI image is not
affected by inclination of the knife edge 7, which is different from Fig.
13 (b). Namely, the defect inspectioh system 1 of the present invention

20 is able to accurately detect the defect even if the knife edge 7 is
positioned with inclination relative to the horizontal direction of the area
camera 5.
[0131] Next, an example of applying the smoothing operator to the
RT-LCI processing will be described on the basis of Fig. 14.

25 Fig. 14 (a) is an original image taken by the area camera. Fig.

14 (b) is a line-composited image at a certain imaging angle near an
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5 so on. Then the object of the present invention can also be achieved in
such a manner that a recording nmediumin which program codes (execution
format program internedi ate code program and source program of the
control program of the inmage anal yzer 6 being software to inplenent the

af orenenti oned functions are recorded in a 10 conputer-readable state, is
supplied to the image anal yzer 6 and a conputer thereof (or CPU or MPU)

S5 o g R, P T i
mgnet ¢ dF SRDECeeIng S ghe Sl PettBRing EREFE RolEustiEind s ane
optical disks %;gggﬁ?ea,g E%MSE/%&/D&%/[XO%H% ar djf alSUFhI??/ d<Cacar ds

(i ncl udi ng cards; or sentconduct’or’ ngEnd fredi a such

:ﬁalr?ier W%go%&egf g%ﬁ%ﬁ a{%{ glifge%]egglﬁg E)Eﬁ%dgteg?r% gﬁlio(k:l nmuni cati on

net wer k, a_nﬂnagg af orenenti oned program codes are supplied through the

co ni cati on"fAetwork. There are no particular restrictions on the

communt cat | i34 18 K. hre%ep! ﬁﬁzeﬁiiohheiscqngocaﬁnéaﬁanim%a app! iheabl e
herei n include the Z5I'nternet, Intranet, tranet, LAN, |SDN, VAN, CATV
communi cat i gRohEIREBed VEinblo@imBhis! b RahWBek fnodiflelP i Nrahiyn vyt vor ks,

mobil e conmuni cation networks, satéllite communicati on netwofks, “and so

on. There agafig ﬂ%té&gieafsg%ﬁiéd Gl QR ERfISANSNaiRelYN émBbdiments | tuting
t he communi cati on network; exanples of the transm ssion nedia applicable

herei n i ncl pd@|ithg e thome desmbisaions ofE&difidal WeBans properly modified

10 within the scope specified in the claims are also included in the

technical scope of the present invention.
[0133] Finally, the blocks of the image analyzer 6, particularly, the data
extraction unit 11, the first zone judgment unit 12, the data storage unit
13, the every zone judgment unit 14, the change amount calculation unit
15 15, the identical position judgment/extraction unit 16, the integration
unit 17, and the image generation unit 18, may be configured by
hardware logic such as FPGA (Field Programmable Gate Array) circuits,
or may be implemented by software using a CPU as described below.
[0134] Namely, the image analyzer 6 can be implemented, for example,
20 by adding an arithmetic unit for extraction of line, an area FIFO
memory, a comparator for binarization, etc. to an FPGA circuit to
implement the differential operator operation of m rows and one column.
The FPGA circuit to implement the differential operator operation of m
rows and one column can be realized by m line FIFO memories to store
25 image data of respective rows, m D-type flip-flops with enable terminal

(DFFEs) to store respective coefficients (filter coefficients) of the
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5 power-line carrier, cable TV circuits, telephone lines, or ADSL |ines,
and wirel ess nedia such as infrared nedia, e.g., IrDA or renote control
medi a, Bluetooth (registered trademark), 802.11 wireless, UDR, cell phone
networ ks, satellite circuits, or digital terrestrial broadcasting networks.
It should be noted that the present invention can also be 10 realized in
the formof a conputer data signal enbedded in a carrier wave, which is
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speci men 253 conveyor
that the number of rows and the number of columns in the differential

operator used can be properly set in accordance with the number of lines
of the line-composited image data stored in the second memory unit 22.
Furthermore, the emphasized image data generated as the result of
10 calculation by the change amount calculation unit 15 does not have to
be limited to the data composed of one line as described above, but may
be composed of a plurality of lines, as the result of the calculation.
[0135] In the above-described embodiments and examples the change
amount calculation unit 15 calculated the longitudinal brightness
15 gradients, but the present invention does not have to be limited to this;
for example, the change amount calculation unit 15 may be configured
to calculate lateral brightness gradients.
[0136] In the above-described embodiments and examples the defect
inspection image data was generated in accordance with the size (the
20 number of pixels) of the image data taken by the area camera 3, but,
without having to be limited to this, the defect on the specimen may be
detected in such a manner that at least one RT-LCI data is generated as
image data for defect inspection and the defect inspection is carried out
| based thereon.
25 [0137] The image analyzer 6 is provided with a CPU (central

processing unit) to execute commands of a control program for
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4 linear |light source 5 area canmera (inmaging unit, a part of the

I magi ng device for defect inspection) 6 i mage anal yzer (i nage
processi ng device for defect inspection) 57 knife edge 8 illum nation
di ffuser panel 10 i mage processor (a part of the inage processing
device for defect inspection, a part of the inmaging device for defect

I nspection) 11 data extraction unit (identical |ine

ot O oA A e RO AR R A SHY At (1
storing the foregoing program, a RAM (random access memory) to
develop the foregoing program, a storage device (recording medium)
such as a memory to store the foregoing program and various data, and

5 soon. Then the object of the present invention can also be achieved in
such a manner that a recording medium in which program codes
(execution format program, intermediate code program, and source
program) of the control program of the image analyzer 6 being software
to implement the aforementioned functions are recorded in a

10 computer-readable state, is supplied to the image analyzer 6 and a
computer thereof (or CPU or MPU) reads out and executes the program
codes recorded in the recording medium.

[0138] Examples of the recording media applicable herein include tape
media such as magnetic tapes and-cassette tapes, disk media including

15 magnetic disks such as floppy (registered trademark) disks/hard disks
and optical disks such as CD-ROM/MO/MD/DVD/CD-R, card media
such as IC cards (including memory cards)/optical cards, or
semiconductor memory media such as mask
ROM/EPROM/EEPROM/flash ROM.

20 [0139] Furthermore, the image analyzer 6 may be configured so that it
can be connected to a communication network, and the aforementioned
program codes are supplied through the communication network.
There are no particular restrictions on the communication network;
examples of the communication network applicable herein include the

25 Internet, Intranet, Extranet, LAN, ISDN, VAN, CATV communication

networks, virtual private networks, telephone line networks, mobile
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15 change anount cal culation unit (operator operation neans) |fridentical
position judgnent/extraction unit 1517 integration unit (integration nmeans)
18 image generation unit (imge generation means) 20 nenory (a part of the
| mage processing device for defect inspection, a part of the inmaging device
for defect inspection) 21 first menory unit 2022 second nmenory unit 23
third menory unit 24 fourth nmenory unit 30 display unit

communication networks, satellite communication networks, and so on.
There are no particular restrictions on transmission media constituting
the communication network; examples of the transmission media
applicable herein include wired medium such as IEEE1394, USB,
5 power-line carrier, cable TV circuits, telephone lines, or ADSL lines,
and wireless media such as infrared media, e.g., IrDA or remote control
media, Bluetooth (registered trademark), 802.11 wireless, HDR, cell
phone networks, satellite circuits, or digital terrestrial broadcasting
networks. It should be noted that the present invention can also be
10 realized in the form of a computer data signal embedded in a carrier
wave, which is substantialized by electronic transmission of the
foregoing program codes.
Industrial Applicability
[0140] The present invention is applicable to the defect inspection
15 system to inspect the defect of the specimen such as a sheet-like
specimen and to the imaging device for defect inspection, the image
processing device for defect inspection, the image processing program
for defect inspection, the computer-readable recording medium storing
the image processing program for defect inspection, and the image
20 processing method for defect inspection, which are used in the defect
inspection system.
List of Reference Signs
[0141] 1 defect inspection system
2 specimen
25 3 conveyor (moving means)

4 linear light source
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CLAI M5 1. An image processing device for defect inspection, which is
configured to process inmage data of two-di nensional inages of a specinen
taken continually in time by an imaging unit in a state of 5 relative
novenent between the specinen and the inmaging unit, thereby to generate
defect inspection inmage data for inspection of a defect in the specinen,

t he i mage processi ng device conpri sing: identical line extraction

means which extragts |line data of . 4 N pdentic L on the
i mge data from eécaﬁe%fcagl%rlauﬁg}e}glﬁgg}ﬂﬁ, %p%h %@r@%%ﬁé‘%@ ga gé fg)%d
| i ne conposistion. nean ich arranges the line data extracted by the
i denti cal |ﬁﬁ%¢£}£§3§8ﬁf’ nmeans, in tine series to generate |ine-conposited

ext racti on neans Ps TARR. AhabZRECKimags  proeRRE Fidbvigs FOETeRT T e

plurality Ofrﬁ@i Iﬁ‘{igﬁgnt positions on the imge data, wherein the |ine
conposition SRaC'S means t hat arranges the line data extracted by the
i dentki cal line exlyrlaﬁ‘fei dreans, intine series for each of the positions

on the imuge data to generate a plurality of 20different |ine-conposited

i mge data, the i g‘?ﬂﬁnﬂﬁ&ﬁ@ﬁﬁiﬁﬁs&eﬁéﬂe‘? further conprising:
10 image processor (a part of the image processing device for
defect inspection, a part of the imaging device for defect inspection)
11 data extraction unit (identical line extraction means)
10 12 first zone judgment unit
13 data storage unit (line composition means)
14 every zone judgment unit
15 change amount calculation unit (operator operation means)
16-identical position judgment/extraction unit
15 17 integration unit (integration means)
18 image generation unit (image generation means)
20 memory (a part of the image processing device for defect
inspection, a part of the imaging device for defect inspection)
21 first memory unit
20 22 second memory unit
23 third memory unit
24 fourth memory unit
30 display unit
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operat or operation neans which perfornms an operation using an operator to
enphasi ze brightness change, on each of the plurality of |ine-conposited

i mage data to generate a plurality of enphasized i nage 25data of one line
or a plurality of lines; and integration neans which accunul ates, at
respective pixels, brightness values of the plurality of enphasized inage
data indicating an identical position of the specinen to generate the

def ect inspection inmge data. 52. ngLgﬁéhge according to claim1l1, wherein
the operator operation nmeans is nea perfornms an operation using a

dffe{ ettl ;"rngﬁf’g&?ts%rz Eﬁ%:? ﬁr%)s"crsg%iééﬁ%eggs% Eﬁé?%@?@%é%#ﬂéﬁ?@gﬁs?ﬁ ;’ o
ggel ngpgg{wﬁf}tgﬁggﬁi(fﬁggg) (é%;f?g, %ﬁéftﬁ?tagrgp a;gg‘%g{elﬁesnﬁfghﬁpges% %%ues of
Iblr ine- ;:ﬁrerggsﬁiﬁg%}%%ﬁé%{eggtcé vmmt%% gbsnol gﬁe lﬁjal ues O#H{gﬁe .gtr zlidiaerﬁttage p(%f .
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wher ei n the. nt.agrat iR FEAGSed o BRISe UARE FRGRIPRAESS DE aefbEd BifReSS
| at a aé

val ues of the=enphasize e respective pixels, for each of
o L bRt FAek Aoy il gl e e e,
BLE{?! ity of def *Her iRt RbbRER RhAs Witichadthaets tnd dappefior
line at an identical position on the image data from each of a plurality of
10 different image data; and
line composition means which arranges the line data extracted
by the identical line extraction means, in time series to generate
line-composited image data of a plurality of lines,
wherein the identical line extraction means is means that
15 extracts each of the line data at a plurality of different positions on the
image data,
wherein the line composition means is means that arranges the
line data extracted by the identical line extraction means, in time series
for each of the positions on the image data to generate a plurality of
20 different line-composited image data,
the image processing device further comprising:
operator operation means which performs an operation using an
operator to emphasize brightness change, on each of the plurality of
line-composited image data to generate a plurality of emphasized image
25 data of one line or a plurality of lines; and

integration means which accumulates, at respective pixels,
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the device further conprising: inege generation means which arranges the
plurality of defect inspection image data indicating the 25respective
positions of the specinen, corresponding to the positions of the specinen

to conposite new defect inspection inage data. 4. The device
according to any one of clains 1 to 3, wherein the integration neans
accunul at es, respectlve pi xel s, the brightness values of the plurality

Speci hon. Zﬁmg@&%e B ol R PIPA O sRMAsHAY Bl Xeka iRt g
B al ural £ yebiiogBER BoRiocof ﬁﬁé SpkeTERl fo Yk FROMRSt PhpoctiBple ™™ = ©

posi tions o %{ggﬁié eci men. 105. An imagi ng device for defect inspection
conpri si ng: IP Wce as set forth in any one of clainms 1 to 4; and

an imaging unit which takes two-di nensional images of the specinen
continually in time in a state of relative novenent between the specinen

and ghe imaging upit. dev1ce acGCorél ftﬁ%ldl%ﬁecw&ﬁ‘e@’ thédp&ator
c

i nspéction of a defe onpris
operation means is means that performs an operatlon using a differential

operator on the plurality of line-composited image data to calculate
gradients of brightness values along a direction perpendicular to a center
line, at respective pixels on the center line of the plurality of
10 line-composited image data, and that replaces the brightness values of
the respective pixels on the center line of the plurality of
line-composited image data with absolute values of the gradients of
brightness values at the respective pixels to generate new emphasized
image data of one line.
15
3. The device according to claim 1 or 2, wherein the
integration means is means that accumulates the brightness values of the
emphasized image data at respective pixels, for each of positions of the
specimen from the plurality of emphasized image data indicating the
20 respective positions of the specimen, to generate a plurality of defect
inspection image data indicating the respective positions of the
specimen,
the device further comprising: image generation means which
arranges the plurality of defect inspection image data indicating the
25 respective positions of the specimen, corresponding to the positions of

the specimen to composite new defect inspection image data.
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the device as set forth in claim5; and nmovenent nmeans which
I npl ements the rel ati ve novenent 20between the speci nen and the inmagi ng
unit. 7. The system according to claim®6 for inspection of the
defect in the specinen by a dark field nmethod, conprising: a |light source
which illum nates the specinmen with light; and 25a |light shield which

bl ocks part of the light traveling toward the imging unit after having
been emtted fromthe Iight source and transmtted or reflected by the
speci nen. 8. An image processing programfor defect inspection

con gured for_ong: SR USRS B I A LB
the integration means accumulates, at respective pixels, the brightness
values of the plurality of emphasized image data indicating the identical
5 position of the specimen, for each of positions of the specimen in order
from a leading position of the specimen, at every imaging by the
imaging unit, to generate a plurality of defect inspection image data

indicating the respective positions of the specimen.

10 5. Animaging device for defect inspection comprising;:
the device as set forth in any one of claims 1 to 4; and
an imaging unit which takes two-dimensional images of the
specimen continually in time in a state of relative movement between
the specimen and the imaging unit.
15
6. A defect inspection system for inspection of a defect in a
specimen, comprising:
the device as set forth in claim 5; and
movement means which implements the relative movement

20 between the specimen and the imaging unit.

7. The system according to claim 6 for inspection of the defect
in the specimen by a dark field method, comprising:
a light source which illuminates the specimen with light; and
25 a light shield which blocks part of the light traveling toward the

imaging unit after having been emitted from the light source and
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means. 9. A conputer-readabl e recordi ng medium storing the program
as set forth in claim8. 10 10. An image processing nethod for
defect inspection, which is configured to process inmage data of

t wo- di nensi onal inmages of a specimen taken continually in tine by an
imaging unit in a state of relative novement between the specimen and the
I maging unit, thereby 15to generate defect inspection imge data for

i nspection of a defect in the.spgcine e i mage processing net hod
conpri si ng:‘gansmlt% °F&%ﬁ?"r%§|byf)ﬁ’r?esp$§i‘?’§§t ion step of extracting |ine data

of one line at an identical position on the image data fromeach of a
plurality of different inmage data; and 20a |ine conposition step of

arranging the Ii dat t ' ' ' [ ' ,
tim series to 52&&?@%%% TRobThsliE BEGEDf °for,) BEREY, SRpeeBaZ P 11
erein the ' ' ' | h of
the 11 ne dafonEbEE or dpGHEAGHeP Ik Sor forh 51 Ry Bheli'lah 1I0R2FT ©

5 4, the program making a computer function as all of the aforementioned

means.

9. A computer-readable recording medium storing the program
as set forth in claim 8.
10
10. An image processing method for defect inspection, which
is configured to process image data of two-dimensional images of a
specimen taken continually in time by an imaging unit in a state of
relative movement between the specimen and the imaging unit, thereby
15 to generate defect inspection image data for inspection of a defect in the
specimen, the image processing method comprising:
an identical line extraction step of extracting line data of one
line at an identical position on the image data from each of a plurality of
different image data; and
20 a line composition step of arranging the line data extracted in the
identical line extraction step, in time series to generate composited
image data of a plurality of lines,
wherein the identical line extraction step is a step of extracting
each of the line data at a plurality of different positions on the image
25 data,

wherein the line composition step is a step of arranging the line
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wherein the line conposition step is a step of arranging the line data
extracted in the identical line extraction step, in tinme series for each of
the positions on the image data to generate a plurality of different

| i ne-conposited i mage data, the inage processing nethod further conprising:
San operator operation step of performng an operation using an operator to
enphasi ze bri ghtness change, on each of the plurality of |ine-conposited

ol B S At i i B B
idg?ggt d;a';] 2p§§t§|ﬁ%§?@;§1§%ﬂm ;rgé egi?ggtstpoéerg}gﬁ?eu@pe%]i er%aﬁ t(ﬁc;ﬁgenerat e the
irie-composited m%é‘e data,
the image processing method further comprising:

5 an operator operation step of performing an operation using an
operator to emphasize brightness change, on each of the plurality of
line-composited image data to generate a plurality of emphasized image
data of one line or a plurality of lines; and

an integration step of accumulating, at respective pixels,
10 brightness values of the plurality of emphasized image data indicating
an identical position of the specimen to generate the defect inspection

image data.
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