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15 *@00002* - 1 DESCRIPTION | NSPECTI ON APPARATUS
FOR | NSPECTI NG AN END FACE OF A TRANSPARENT SUBSTRARE
AND | NSPECTI ON METHOD FOR THE SAME MD029 The present

\ Iat es to an apparatus and 10 nethod for
““mg\mmmm ny defects at an end face of a’transparent

, Including a transparent glass substrate,
that |s cut into a predetermned size. In the MD029

substrate, a bonded substrate made up of a
Imml'l mmmmﬂmmss substrates bonded and used for flat
di sp % ypanel's 15 is al so included. BACKGROUND ART
Li qurd crystal display CEGORIFIAON substrates used 20
in LCD apparatuses are fornmed by filling a gap between
a pair of glass substrates with liquid crystals. A
mtransistor & FT). .and the

e TnsERToR. aPeARATYE BBl ThEkBoric A i, Hace

general Iy refesfed 40 fSpfreNT SUBSTRARE AND

INSPECTION METHOD FOR THE SAME

The present invention relates to an apparatus and
method for inspecting any defects at an end face of a
transparent substrate, including a transparent glass
substrate, that is cut into a predetermined size. In the
transparent substrate, a bonded substrate made up of a pair
of glass substrates bonded and used for flat display panels

is also included.
BACKGROUND ART

Liquid crystal display (LCD) panel substrates used
in LCD apparatuses are formed by filling a gap between a
pair of glass substrates with liqﬁid crystals. A wiring
line, a thin-film transistor (TFT) and the like are provided
on one glass substrate, which is generally referred to as a

TFT substrate. A color filter (CF) is provided on the other
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TFT substrate. A color filter (CF) is provided on the

other - 2 MD029 gl ass substrate, which is generally
referred to as a CF substrate. Such a display pane
substrate is, for exanple, forned by bonding a pair

of nother gl ass substrates together and then cutting

it into the size of the display panel 5 substrate. A
predetermined TFT, a wiring line and the like are MDO29
provi ded in advance on the-m@ther gl ass substrate to

be fornmed into the TFT substrate. Figure 13 is a

schemati ¢ perspect|ve view of a _cut 10 display pane

9leffs trREErakSTFYRighlS enentd lahFaftFqadkd ares a
ed on a,  TFT subst rate 11 rran ed in the | owner
suftre Sty

f-Fi gUrE f3f1i5R ;’amag?l% b ,af%ﬁéfmple
b n TFT 11,
£oF i8R RR) PoBdiingnal PALE, At %fem%aasﬁuﬁ?ltba Hased fhgether
angilp.ﬁx%g g{J%th &V' egntt?,o?: reipec“"% eols cled 1o,

ne 1s

h I I
SoSGEEY 4! 10 BEHASA R 552115, YL B0 g, ey v
ar@ gf@ggﬁgﬁniﬂegdgaﬂchoohetB'lh%@h t?é %u% %%Eg %? be

rebet ween such that the term na ction

fo§m998§ﬂtoleh&h@F@a§ﬁbeErE%aufacturlng t he dlsplay
panel substrate 10 having the structure described

above, as shown

Figure 13 is a schematic perspective view of a cut
display panel substrate. A TFT, a wiring line and the like
are provided on a TFT substrate 11 (arranged in the lower
part in Figure 13) partially forming a display panel
substrate 10. On one side of the TFT substrate 11, a
terminal section 1lla on which a plurality of terminals 1l1b
are provided to be respectively connected to each wiring
line is formed. A CF substrate 12 completing the formation
of the display panel substrate 10 and the TFT substrate 11
are bonded with a predetermined gap to be filled with liquid
crystals therebetween such that the terminal section 1lla is

exposed.

In the case of manufacturing the display panel
substrate 10 having the structure described above, as shown

in Figure 14(a), the terminals 11b of the terminal section
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in Figure 14(a), the termnals 11b of the term na
section - 3 MD029 1la provided on a TFT substrate 11A
of a bonded gl ass substrate 10A are electrically
connected to each other wwth a short link lie
provi ded on a 5ide edge of the terminal section 1la
of the TFT substrate 11A. The short link lie 5
prevents the accumul ati on of charge in each of the
terminals 11b and the wirirn@ IFines and protects the
wiring lines from electrostatic damage. After a
plurality of bonded glass substratesl0OA are cut from
115 BSRYdepPRe? JFds Subsidats 414 @f vhikandedngdass CF

trate _and a mpt her TFT _substrate 10 are bonded,
SuBHETRER S0Berre: SLEPATCAIY SOOHGHaId 1RACH aRBan rith

= BBRAE LBk S RES ma%?#@ a?é‘“i?s%% | ”géf“itm deFminal
iLnk I| ,
se8iteh, 118" PEal] siﬂ Sgigats ll&ﬁ’ h oK dirp Ao
t tt
ooy AL TOL B 3 By T Ml
1lgr§n§uphgc&gg 58 igﬁg%eﬁhﬁggrb@ekq tﬁ%s%urln lines from

'fion to the en al-6ng -t e -t &rmn
e1886Lb8Patibagghakhe TEEtéHbﬁtPihﬁalétgabfa%oﬁﬁgdf@T%ss
where the termnal section o e play panel

subsPshatas e18f hteneht2@rbfr AeHonkba hBEh%@g 18k st RepSErate
substrate 12 and the bottom edge of the TFT substrate

foriwlRi€hSabheched &P slispteantAdand a mother TFT substrate

MDO029

are bonded, the TFT substrate 11A is cut along a cutting
line 1ld shown in Figure 14(b), thus disengaging the
connection of the terminals to each other 11lb with the short
link 1l1lc¢ (see Figure 13). When the TFT substrate 11A is éut
along the cutting line 11d, then the end face lle extending
along the cutting line 11d is ground and the both edges of
the end face lle are subjected to chamfering. In this case,
in addition to the end face lle along the terminal section
lla of the TFT substrate 11, at an end face where the
terminal section of the display panel substrate 10 is not
formed, the top edge of the CF substrate 12 and the bottom

edge of the TFT substrate 11 are subjected to chamfering.

Each of the bonded glass substrates 10A is formed

to respectively cut a pair of bonded mother glass substrates.
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Each of the bonded gl ass substrates 10A is forned to
respectively cut a pair of bonded nother gl ass
substrates. - 4 MD029 Figure 15 shows a section view
of the bonded gl ass substrate 10A cut fromthe bonded
not her substrate. In this case, since a CF substrate
12A is cut so that the termnal section 1la provided
on the TFT substrate 11A is exposed, the 5 position of MD0O29
cutting the CF substrate 12A4 s different from the
position of cutting the TFT substrate 11A. As shown in
gure 15, the position of cutting the CF substrate

Fiﬂzl/!?el 15 showsed sertdaearian Qﬁen*%é? hanged\glres fabstrate
bondln% t he TFT substrate 11A and the CF substrate

104 KUty T&ofh theh&ondesl Todhero DS iFd e t helorthis case,

,substr%te 12Ais cut, the tension of the sealing
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adPseaheak:osscts@aliﬂabamgrnbwe SF} %ﬁfeﬂ%‘ y(ﬁdﬁlgcq_lhe TFT

o renpve the short link 1la f
substrate 11A and the CF substrate 12A to each other.

-

Therefore, while the CF substrate 12A is cut, the tension of
the sealing member 13 is applied to an end face 12e of the
CF substrate 12A to be cut, and as a result, the end face
12e to be cut may be gradually inclined (i.e., by hollowing
out) toward the direction that approaches to the sealing
member 13 as the end face 12e approaches to the sealing

member 13, as indicated by dashed lines in Figure 15.

In the case when the bonded glass substrate 10A is
cut from a pair of mother glass substrates bonded to each
other and when the terminal section 1la of the TFT substrate
11A is cut to remove the short link 1llc from the bonded
glass substrate 10A, an end face of the TFT substrate 11 or
an end face of the CF substrate 12 of the cut display panel

substrate 10 may cause chipping. If a relatively-large
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gl ass substrate. 10A, an end face of the TFT substrate

11 or an end face of the CF substrate 12 of the cut

di spl ay panel substrate 10 may cause chipping. If a
relatively-large - 5 MD029 shell-shaped chi pping

occurs on the end face 1le adjacent to the term na

section l1lla of the TFT substrate 11, the chipping may
extend toward the inside of the TFT substrate over MD029
time and thus the ternminals Pl provided on the 5

term nal section 1la may be broken. As such, if the

m‘%hﬁﬁ-' %ﬁ%%ﬁ?ﬁg&%&%&%&%ﬁt# S B AL S e ¢
el tetndfaiC snckiich 334 of IR My hpetrals pd one -

Chii g?ﬁ"h a}"%P(l %’étsﬁni %E’fa%r tQ th.e ne %%{F‘Lﬁ suﬁqﬁstrate
ovgggtég.fﬁ%t %?lgderhlusq L‘:'h% 9:@.{:%1 l ?t&%é)ﬁgf%g S %not
teFﬁQﬁggegec{ﬁo fl@adﬁgch'V% &% duct is found in the

ast stage of nmanu turing Tiquid crystal display
apparatuses, there is a problemthat the
manuf acturing yield of liquid crystal display

appar at gL Ssuch Slmlﬂ‘ﬂé?ﬂﬁéﬁ/léf%‘&ﬁ&l s PRFILE U1 @M that is
20 as descri bed above, in case where the end face
cut2€rém &hpair of mother glass substrates bonded to each
other and that has a defect, such as a chipping, in the end
face of the TFT substrate 11 or in the end face the CF
substrate 12 is transferred to the next step to be formed
into a liquid crystal display apparatus, the manufactured

liquid crystal display apparatus may not operate properly,

i.e., a defective product may be produced.

If a defective product is found in the iast stage
of manufacturing liquid crystal display apparatuses, there
is a problem that the manufacturing yield of liquid crystal
display apparatuses is significantly reduced. In particular,
as described above, in a case where the end face 12e of the
CF substrate 12 has been inclined, moisture may penetrate
the gap between the inclined end face 1l2e and the TFT

substrate 11 in a subsequent cleansing step. Thus the

terminals 11lb of the terminal section l1lla of the TFT
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CF substrate 12 has been inclined, noisture may
penetrate the gap between the inclined end face 12e
and the TFT substrate 11 in a subsequent cl eansing
step. Thus the termnals 11b of the term nal section
1la of the TFT 6 substrate 11 may be subjected to
corrosion due to the npisture, thereby increasing the
possibility of product defects. MD029 5 In order to MDO29
sol ve such problens, it is-péeferable that defects,
such as an inclination of the end face, a chipping
the end face and the |i ke, be detected by inspecting
supgérakg fldc@ayt bensupdpcd@sstticacorresion ey thee -
of the CE substrate 12 in the display panel substrate
moj§tygee ytherehyt AR BERFR Indthge P Irldity 1 preduet
gis | ay panel substrate 10 is transferred to the next
delpEhS-However, it is difficult to efficiently and
accurately detect defect parts, such as the
inclination of the end face, the chipping of end face

and the Jik q% t he q+s | a ane“ iubstra e, 10. 1

I\/breoverf,n f°§IFd‘% et%ns_ %fges%?l?t%o %u_b% r:l.ﬁepzﬁﬁerable
tnaPdathg d % he .rat i_n i S

26 apPECER POER 4 SAFAEP1INARCR By R endl £ ¥
ch?# fﬁgaiﬁelén n@acghﬁnﬁFtﬁHbiﬁk@EebLZdéiéEHédaifMth

urd crystals, each of

inspecting the end face of the TFT substrate 11 or the end
face of the CF substrate 12 in the disﬁlay panel substrate
10 cut from the bonded mother substrate before the display
panel substrate 10 is transferred to the next step. However,
it is difficult to efficiently and accurately detect defect

parts, such as the inclination of the end face, the chipping

of end face and the like, of the display panel substrate 10.

Moreover, for the end face of the TFT substrate 11
and the end face of the CF substrate 12 in the display panel
substrate 10, after the gap between the TFT substrate 11 and
the CF substrate 12 ié filled with liquid crystals, each of
the edges of the end faces is generally subjected to
chamfering by wet grinding process with grind stones.
However, it is difficult to check whether a predetermined
amount of the edges of the end faces are reliably subjected

to chamfering.
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20 the edges of the end faces is generally subjected
to chanfering by wet grinding process with grind
stones. However, it is difficult to check whether a
predeterm ned anount of the edges of the end faces
are reliably subjected to chanfering. 7 MD029 The
present invention is to solve such problens. The
obj ect of thereof is to provide an inspection
apparatus and an inspection7net hod capabl e of
efficiently and 5 accurately detecting a defect, such
as chipping, for inspecting an end face of a
transparent substrate and al so capable of readily,
for exanpl

LS chantBhs i ST s 451 oy oRpie bl S
[ NVENTI ' ti, tus for . ti
ThenbPSEE b tASERRRs BT £ BEATIAFARS AOCHRRTH Q’?eappn?fatus
i [ i ngl ud tahl e f ti t
ool §1CTheahEEBhL Bhchp BnRel BY BeldeRiRag, Hhid "
' t d f the t t
acBhEEPASY ABRASELRg 8, gbe8rRy! s 8 ot chdBrrndi i g
inQﬁé@%iﬁS'Qﬂ EH& EQESFHEtEeEEEXSPQQEBE'QQDgtEhQ@tahﬁ also
the end face; a 1 naging neans arranged 1 n at | east

caPpa618i 6ECHER81 Wt hf&ﬁseﬁ%pie,aiﬁ%@e‘eengf thB€st@te of a
ransparent subsStrate, the end face and fhe

paftll §@WHEEPE8 to chamfering of the end face.

MDO029

DISCLOSURE OF THE INVENTION

An inspection apparatus for inspecting an end face
of a transparent substrate according to the ﬁresent
invention includes a table for supporting the transparent
substrate; a first illuminating means arranged opposite to
the end face of the transparent substrate placed on the
table, the first illuminating means being for intermittently
emitting a light to the end face; a imaging means arranged
in at least one direction with respect to a surface of the
transparent substrate, the end face and the surroundings
thereof being an imaging region of the imaging means; and an
image processing means for detecting a defect of the end
face based on an image density of image data captured by the

imaging means. Thereby, the objective described above is
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t hereof being an inmaging region of the inmagi ng neans;
and an inmage processing, neans for detecting a defect
of the end face based on an i mge density of inage
data captured by the inmaging neans. Thereby, the
obj ective described above is 8 achi eved” MD029 The
i nspection apparatus may further include first
reflecting means for reflecting the light emtted fromMP029
the 5 first illumnating mea®s,~ wherein the imaging
means is arranged so that the end face and the
surroundi ngs thereof are the inmaging region
achfipyRfnated with the light reflected fromthe first
reflecting neans. 10 The inmagi ng neans may be arranged
opposite to the first reflecting neans with respect
to the tgansparent . substrate, The taple na

the. trarSiar BHPHAT AP TTRCuS ey vas%%%|533935§ first
randarde . .
reﬁ%?'slvt#ﬁﬁemﬁéﬁs%é?teﬁ%%iﬁgiﬁb@?éﬂ%?ﬁégﬁ%|e§‘%%ﬁ' S0 (the
_ . . S
£1£R€ 1180RRRREThOHBRRGS: GnbBesd HR) 30Tk fdlalisd ks

arkBfigbaa88PRAER! +AUDBhAkEce THRE 206C STRERRATRA thdrbos
a rrzonta I rection.
are the imaging region illuminated with the light reflected

from the first reflecting means.

The imaging means may be arranged opposite to the
first reflecting means with respect to the transparent

substrate.

The table may support the transparent substrate in
a horizontal position. The first reflecting means may be
provided below the transparent substrate.

The table may support the transparent substrate in
a horizontal position. The second reflecting means may be
provided above the transparent substrate.

The table may be movable in a horizontal direction.

The table may be rotatable about an axis vertical
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The tabl e nay be rotatable about an axis vertical 9 to
a surface of the table. MD029 The first reflecting
nmeans and the inmagi ng neans nay be novable in an
integral manner with respect to the 5 table. The
first reflecting neans may be integrally 10 frovabl e
Wth respect to the first illumnating neans. In the
first reflecting neans, the direction of reflection MD029
with respect to the end faee9of the transparent
substrate may be adjustable. The second reflecting
nmeans and the inmagi ng neans 15 may be novable in an

toi at eyrfrcennfieithei tthbdlespect to the table. The second
reflecting neans nmay be integrally 20 novable with
respect to the first illumnnating neans. In the second
reflecting neans, the direction of reflection with
respect The thHerehdebkeching Heeapgapdrere imagingameans

nag be adjustable. - 10 MD029
may be movable in an integral manner with respect to the

table.

The first reflecting means may be integrally

movable with respect to the first illuminating means.

In the first reflecting means, the direction of
reflection with respect to the end face of the transparent

substrate may be adjustable.

The second reflecting means and the imaging means
may be movable in an integral manner with respect to the

table.

The second reflecting means may be integrally

movable with respect to the first illuminating means.

In the second reflecting means, the direction of
reflection with respect to the end face of the transparent

substrate may be adjustable.
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The inspection apparatus may further include second
illumnating neans for intermttently emtting a |ight
to the end face of the transparent substrate while
the first illumnating neans is off. 5 The first
illumnating nmeans may be a linear light source °
extending parallel to the end face of the transparent
substrate. 10 The linear light source may be an LED MD029
array. The imgi ng neans naylBe-a CCD canera. The
first illumnating neans and the first 15 reflecting
nmeans nmay be respectively provided on sides of the
end facefhatinspectide appavatfist meyt funspereinclude second
substrate. The first illum nating means and the second
iljgmis@tdang meansafemmp termidsirntiw eml thing dedlight to
sides of to the end faces at both side edges of the
the, grghdass ofs ibet (thed sparen e shats sihiglerethe fbyst
etermine an imge - 11 5 MD029 density of each pixe
ilgHmﬁﬁﬁﬁgn@aFﬁaeﬁpﬁﬁrQﬁfby the imaging neans and may

identify the end face of the transparent

The first illuminating means may be a linear light
source extending parallel to the end face of the transparent

substrate.
The linear light source may be an LED array.
The imaging means may be a CCD camera.

The first illuminating means and the first
reflecting means may be respectively provided on sides of
the end faces at both side edges of the transparent

substrate.

The first illuminating means and the second
reflecting means may be respectively provided on sides of to
the end faces at both side edges of the transparent

substrate.

The image processing means may determine an image
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substrate based on the i mage density of each pixel.

The i mage processi ng neans may detect a defect based

on the identified end face of the transparent

substrate and the i nage density of each pixel. An edge

of the end face nhy be subjected to 10 chanfering. 15 °

The i mage processi ng neans may detect diffused

reflection at the end face of the transparent MDO029

substrate as a defective potlien having a high

intensity of light. The transparent substrate may be a

bonded gl ass substrate for which two gl ass substrates
deasd tiyoodeg¢ach pHxel 4dnt dmagenldatectdapturedipostdts itmging

two gl ass substrates having a predeterm ned gap to be
mepns| gadwimaly Hidgnitd £ar Fealend Inaeherfe ddtendsransprarent

i mage processing neans is capable of swtching an
supf§pete RGsedr g8t thet veagep fenstl tth@fe e@oha@dskad - a

bonded gl ass substrate or both the end faces of the

bonded - 12 MD029 gl ass substrate, the bonded gl ass

substrate bej ng bonded so that a term nal section is

exposed. & RTWLTRATR eS| MR tegt .4 dpfect

ba%%éigﬁ{tp%viﬂ%ﬁgﬂ%ggﬁeggdsggékg%&et%%P E%hg Jﬁ%égua

substrate and the image density of each pixel.

An edge of the end face may be subjected to

chamfering.

The image processing means may detect diffused .
reflection at the end face of the transparent substrate as a

defective portion having a high intensity of light.

The transparent substrate may be a bonded glass
substrate for which two glass substrates are bonded so that
a terminal section is exposed, the two glass substrates
having a predetermined gap to be filled with liquid crystals

therebetween.

The image processing means 1s capable of switching
an inspecting target between one of the end faces of a

bonded glass substrate or both the end faces of the bonded
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includes intermttently emtting a light to the end
face of the transparent substrate by first
illum nating neans; inaging the end face and the
surroundi ngs thereof by inmaging nmeans; and detecting
a defect of the end face based on an 10 i mage density
of i nmage data captured by the inmagi ng neans. Thereby,
t he obj ect descri bed above is achteved. In the MD029
emtting a light and the i+eb2ng step, the [ight
intermttently emtted along the transparent substrate
15 may be reflected fromreflecting neans toward the
glesdg bBubetrae.chief hondedy dassnisabsitiviadst [being bonded so
illumnated with a light by second illum nating neans
thati retenminplssecitibnnilsaexpesedans for intermittently
emtting a light to 20 the end face is off. The
detecting a defect may determne an image density of
each pixel in imge data captured by the inmaging
means, |Adbﬁtq~°f%ﬂqq\1é”bﬁ7&?'$l'&l‘g %ﬂrt#FégE@%%%r@htend face of
substrate - 13 MD029 based qgn the inmage density and
a hEppEpPageptf %EP55£§ES BRCPRELING &R FPPeQ%‘F&%é‘@%“tim

inelaen  TePerathroRily oritRdnana fasbingy Fhe Shbciase of
th%??f%@%%gééﬂg T e 95 ch&ngirsge mg%%tg%be%kans;
imaging the end face and the surroundings thereof by imaging
means; and detecting a defect of the end face based on an
image density of image data captured by the imaging means.

Thereby, the object described above is achieved.

In the emitting a light and the imaging step, the
light intermittently emitted along the transparent substrate

may be reflected from reflecting means toward the end face.

The end face may be intermittently illuminated with
a light by second illuminating means while the first
illuminating means for intermittently emitting a light to

the end face is off.

The detecting a defect may determine an image
density of each pixel in image data captured by the imaging

means, identify the end face of the transparent substrate
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reflection at the end face of the transparent
substrate as a 10 defective portion having a high
intensity of light. The transparent substrate may be a
bonded gl ass substrate for which two gl ass substrates
are bonded so that a term nal section is exposed, the
two gl ass substrates 15 having a predeterm ned gap to
be filled with Iiquid crystals therebetween. The MDO029
detecting a defect may be <apiable of switching an
I nspecting target between one of the end faces of a 20
bonded gl ass substrate or both the end faces of the
bapeflded theaimagebdenstidy amd ideteed @ defenrthdtasad on the
bei ng bonded so that a term nal section is exposed.
idert EF1iBESERAPFRCR OF THE DRANSKESent]subgitoareriangd ¢he
is a schematic diagram show ng the structure of an
imPﬁQp@éﬂﬁéﬁYaBﬁaPéngPﬂ@ﬁlhnspecting an end face of a
transparent substrate. according to an enbodinent 5
of the present invention. Figure 2 is a block diagram
of a control_  system.of the inspection %E aratus for
i nspect ity 8349%f & G £29¢ MRP Nt ‘E-U%%’f?%t ko
according to the present invention. 10 Figure 3 is a
cn??ﬁﬁﬁ 3Pt showi ng an operating

The detecting a defect may detect diffused
reflection at the end face of the transparent substrate as a

defective portion having a high intensity of light.

The transparent substrate may be a bonded glass
substrate for which two glass substrates are bonded so that
a terminal section is exposed, the two glass substrates
having a predetermined gap to be filled with liquid crystals

therebetween.

The detecting a defect may be capable of switching
an inspecting target between one of the end faces of a
bonded glass substrate or both the end faces of the bonded
glass substrate, the bonded glass substrate being bonded so

that a terminal section is exposed.

BREIF DESCRIPTION OF THE DRAWINGS
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procedure in the inspection apparatus for inspecting
an end face of a transparent substrate according to
the present invention. 15 Figure 4 is a flowhart
showi ng an operating procedure in the inspection
- apparatus for inspecting an end face of a transparent
substrate according to the present invention. 20
Figure 5is an illustration showi ng an exanple of an MD029
i mage for explaining the opefgation of the inspection
apparatus for inspecting an end face of a transparent
substrate according to the present invention. - 15
MDO29 Figure 6(a) is an illustration for explaining
I mge processing in the inspection apparatus for
I nspect iMgure ehdis faacecivémat icadspgramt shokwihgathe
according to the present 5 invention. Figure 6(b) is
s tancithires bifaenod nspecédpnaiapparathes fomgsmgpexeisss rap end
in the inspection apparatus for inspecting an end
fatecefoh &ranspgrendnisudbsisiatast @caromiiindd @t mtdddiment
present invention. Figure 7(a) is an illustration for
ofexpkapmesgnthdnvention.

Figure 2 is a block diagram of a control system of
the inspection apparatus for inspecting an end face of a

transparent substrate according to the present invention.

Figure 3 is a flowchart showing an operating
procedure in the inspection apparatus for inspecting an end
face of a transparent substrate according to the present

invention.

Figure 4 is a flowchart showing an operating
procedure in the inspection apparatus for inspecting an end
face of a transparent substrate according to the present

invention.

Figure 5 is an illustration showing an example of
an image for explaining the operation of the inspection
apparatus for inspecting an end face of a transparent

substrate according to the present invention.



10

15

20

I mage processing in the inspection apparatus for

inspecting an end face of a transparent substrate

according to the 15 present invention. Figure 7(b) is

an illustration for explaining the inage processing

inthe inspection apparatus for inspecting an end

face of a transparent substrate according to the

present invention. 20 Figure 8 is an illustration MDO029

showi ng an image for explaipsng the i mage processing

in the inspection apparatus for inspecting an end

face of a transparent substrate according to the

present invention. - 16 WMD029 Figure 9 is a flowhart

showi ng an i nage processing procedure in the

i nspect iBigwppab Eusis cani htpestragion fod ekptainfing image

transparent substrate according to the present 5
propesstingn inFither énspeict iam idppastatats dorf dmspeiitaing rap end

the image processing in the inspection.apparatus for
fargspécai tyangpasadtf subsérate epeopddiang toulddie giresent
. according to the 10 present invention. Figure 11 is an
inyepgdepati on for expl ai ning how an end-face

illTumnating unit and an epi-illumnating unit are

Figure 6(b) is an illustration for explaining the
image processing in the inspection apparatus for inspecting
an end face of a transparent substrate according to the

present invention.

Figure 7(a) is an illustration for explaining the
image processing in the inspection apparatus for inspecting
an end face of a transparent substrate according to the
present invention.

Figure 7(b) is an illustration for explaining the
image processing iﬁ the inspection apparatus for inspecting
an end face of a transparent substrate éccording to the

present invention.

Figure 8 1s an illustration showing an image for
explaining the image processing in the inspection apparatus
for inspecting an end face of a transparent substrate

according to the present invention.
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turned on and off. 15 Figure 12 is a schematic di agram
showi ng the structure of an optical system of the

i nspection apparatus for inspecting an end face of a
transparent substrate. 20 Figure 13 is a perspective

vi ew schiematically showing the structure of a display
panel substrate. Figure 14(a) is a schematic
perspective view for showing a procedure for MD029
manuf acturing the display pahel-- 17 substrate. MD029
Figure 14(b) is a schematic perspective view for
showi ng a procedure for manufacturing the display

panel 5 substrate. Figure 15 is a sectional view

showi ng the main part 10 of the display pane
subst r at B19uREST Mook FERVERRRY| SPWEAI TR LROERTPERCeSs1ing

Her eafter, epbodi nents of the present_invention are
Pr&é’?a“irﬁe d éggwlnf?eﬁt@m% apparatus; fQrtitsRE Gy an end

showi_n n_exanpl e, of _an inspection .a ratuys for
£aBRe BEct G ABRPEREN A SESETA te ARATIAIRE [Lhe RResent
in%%%%ﬁ%%ng to the present invention.

Figure 10 is an illustration for explaining the
image processing in the inspection apparatus for inspecting
an end face of a transparent substrate according to the

present invention.

Figure 11 is an illustration for explaining how an
end-face illuminating unit and an epi-illuminating unit are

turned on and off.

Figure 12 is a schematic diagram showing the
structure of an optical system of the inspection apparatus

for inspecting an end face of a transparent substrate.

Figure 13 is a perspective view schematically

showlng the structure of a display panel substrate.

Figure 14(a) is a schematic perspective view for

showing a procedure for manufacturing the display panel
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The inspection apparatus 1 for inspecting an end face
of a transparent substrate is, for exanple, used for
i nspecting 20 each end face of a TFT substrate 11 and
a CF substrate 12 of a display panel substrate 10
shown in Figure 13. The inspection apparatus 1 for~
i nspecting an end face of a transparent substrate
includes a sliding table 23 - 18 MD029 provi ded above MD029
a base 24 so as to be slidabl® tn a predeterm ned
y-axis direction, a direct-drive (DD) notor 22
%rovided on the sliding table 23 and a rotating table
supstrgitévi ded so as to be rotated by the DD notor 22.
On the 5 rotating table 21, the display pane
substrate 10 is placed in a horizontal position. The
rotating table 21 vacuum hol ds the placed dis a¥
panel s QQE&elibP&ol¥h%ts?%%m@Féﬁl89r58ﬁ8F1§8 lew for
substrate 10 is fixed in_a horlzontal 0S t|on The
ShHEYRBﬁ ?2%?’8\%%‘6& %ﬁ’rt menufag iy ing e fisplay panel’
% % LN axis in a vertical direction. The rotating
Supghira fl is rotated by the DD notor 22 around the
vertical axis. The rotating table 21 is configured to
support the display panel 15 substrate 10 so that the

perlphegﬁqﬁﬁélﬁﬁ] (Lé%ffgﬁgg @?@$lsﬁ§?§§ﬁg£ﬁelgakﬁ part

protrud e OU er circunterence

of' 2hat B9Ephaly Padll substrate.
BEST MODE FOR CARRYING OUT THE INVENTION

Hereafter, embodiments of the present invention are

described below.

Figure 1 is_a schematic diagram showing an example
of an inspection apparatus for inspecting an end face of a
transparent substrate according to the present invention.
The inspection apparatus 1 for inspecting an end face of a
transparent substrate is, for example, used for inspecting
each end face of a TFT substrate 11 and a CF substrate 12 of

a display panel substrate 10 shown in Figure 13.

The inspection apparatus 1 for inspecting an end

face of a transparent substrate includes a sliding table 23
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The sliding table 23 on which the DD notor 22 is 20
provided is slidable along a pair of y-axis guide

rails 25 which are provided on the base 24 in paralle

to each other. A y-axis ball screw 26 in paralle

with each y-axis guide rail is rotatably provided

between the pair of y-axis guide rails 25. The y-axis

bal | screw 26 engages with ghg axis - 19 MD029 bal| MP029
nut 27 attached to the bott face of the sliding

tabl e 23. A y axis servonDtor 28 i s connected to one

Prsg. eafngyegstagi glﬁ%ﬂ dolowt aiﬁ%' Y Totor 22
T LR R N %V%Lat'{}%.tsa%o]a
pr3fidia’ly 48 LY s t?@r O 2 ]‘%ﬁhe

roEQ@iH S@a%# SQlaSth% ﬁﬁsB&F?Q %nélzaﬂﬁyﬁ$ﬁ¥gfﬂo is placed

posi t on al ong an x-axis

1nP8r RER4LEHERR pBQiEHSnV axis ball screw 26 and each of
the y-axis guide rails 25. A pair of y-axis guide

rails 32 is provided on 15 the support 31 along the
direction perpendicular to the y- axis ball screw 26

and eachrny rdietiraXitaid dfL Neddsur Tho DA S VEKIE p Dacéde

base 24 so that the pair of y-axis guide
display panel substrate 10 so that the display panel
substrate 10 is fixed in a horizontal position. The DD
motor 22 provided on the sliding table 23 has a rotating
axis in a vertical direction. The rotating table 21 is
rotated by the DD motor 22 around the vertical axis. The
rotating table 21 is configured to support the display panel
substrate 10 so that the periphery of the pléced display

panel substrate 10 is protruded into the outer circumference

of the rotating table 21.

The sliding table 23 on which the DD motor 22 is
provided is slidable along a pair of y-axis guide raills 25
which are provided on the base 24 in parallel to each other.
A y-axis ball screw 26 in parallel with each y-axis guide
rail is rotatably providéd between the pair of y-axis guide

rails 25. The y-axis ball screw 26 engages with a y-axis
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rails 32 is colinear. Sliding blocks 34 respectively
engage with the x-axis guide rails 32 so as to be
slidable. 20 X-axis ball screws 33 are bridged in a
hori zontal position above the support 31 parallel to
each of the x-axis guide rails 32. The x-axis bal
screws 33 respectively engage with x-axis ball nuts
(not shown) attached to the - 20 MD029 sliding bl ocks MP029
34, Optical system noving sedPormptors 35 are
respectively connected to ends of the x-axis bal
screws 33 |ocated_distant from each other
bk ik %ﬂﬁﬂ?ﬁﬁ?ﬁ@¢nﬁ° 5%@v%%%¥%msf@§er%§pﬁé?l§éF91n9 table
rotate the x-axis ball screws 33 5 jn_the forward and

23 ovdh & Y ASHIRMO NG 28 oF &, COMRSCFPAI Hy BRBCRRdaar the
v FEL A 4 e h9ees ofhe FerRia,pelt Hordi 26 in

ey, °’ho?1yv%‘;62§sa%8&fée'v°2¢‘i§rfwdf "o o%%fdfa' THASLE! B e

Slkeirﬁi‘(;gal&'o he sI aﬁg&g gvgé{gﬁ&@&eor dfEcen to %@Eh

oS PR IS0 RSB s
tHeL PG X'ljg%zféf QY 4RA Gl TSt 1 SH NS BLRSKs- é”:élig"' 15911

an“optical axi's Iin a
screw 26 in the forward and reverse directions.

A support 31 is provided above the rotating table
21 on the base 24 so as to be bridged in a horizontal
position along an x-axis direction, which is perpendicular
to the y-axis ball screw 26 and each of the y-axis guide
rails 25. A pair of y-axis guidé rails 32 is provided_on
the support 31 along the direction perpendicular to the y-
axis ball screw 26 and each of the y-axis guide rails 25
provided on.the base 24 so that the pair of y-axis guide
rails 32 is colinear. Sliding blocks 34 respectively engage

with the x-axis guide rails 32 so as to be slidable.

X-axis ball screws 33 are bridged in a horizontal
position above the support 31 parallel to each of the x-axis
gulde rails 32. The x-axils ball screws 33 respectively

engage with x-axis ball nuts (not shown) attached to the
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vertical position. The CCD caneras 36 function to

respectively imge the end faces | ocated at both sides

of the TFT substrate 11 and the CF substrate 12,

whi ch constitute the display panel substrate 10

pl aced on the 20 rotating table 21. The inmagi ng region

of each of the CCD caneras 36 is a range of about 15

mmw th respect to the optical axis so that each of MDO029

the CCD caneras 36 can i nage28aech of an end - 21

MDO29 face Ile of the termnal section Ila in the TFT

substrate 11 and an end face 12e of the CF substrate
skidigg iHodispiey (Rnkeak #wstemn anaving nggevemetors 35 are

captured by the CCD canmeras. 36 is supplied to an
TSRAFE el LOMPL R co Inds f fiRRrE-axps bayltserews 33

IS subjected to predeterm ned i mage processing. .
lagated 1q4ftant g omieacs other: wiBe sPRklegledyatenonpving

si des .of the displa j&?nel substrate 10 are

SerYReRIS 3P 419 1 R 1Re XKLl pRcrews 33
A NS SR A s D e ppLl el
818 i P FRATR 0 A B Bgsons
(e ele® 8%, diacrirbrt IO UL L SFREFS IS - ot
diR9oh 8% Frackd3fioh YN8 6 &8s vall screws 33 in

the forward and reverse directions.

The sliding blocks 34 protrude below the support 31
and lower ends of the sliding blocks 34 are adjacent to the
display panel substrate 10 placed on the rotating table 21.
Charge-coupled device (CCD) cameras 36 are fespectively
provided on the sliding blocks 34 with an optical axis in a
vertical position. The CCD cameras 36 function to
respectively image the end faces located at both sides of
the TFT substrate 11 and the CF substrate 12, which
constitute the display panel substrate 10 placed on the

rotating table 21.

The imaging region of each of the CCD cameras 36 is
a range of about 15 mm with respect to the optical axis so

that each of the CCD cameras 36 can image each of an end
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one side of one of the sliding block 34, the side
being nore distant than the other side of the other
sliding block 34. End-face illumnating units 39 for
respectively illumnating 20 the end faces | ocated on
the both sides of the display pan&gl substrate 10
pl aced on the rotating table 21 are respectively
provi ded at the | ower ends of the connection blocks MD029
38 so as to oppose the corregpondi ng end face. - 22
MDO029 Each of the end-face illumnating units 39 is,
for exanple, nade up of a linear |light source

famet didg vf dbengennimdiorsenieat Uia et i toe THT tdulstrate 11
enbodi nent, each of the end-face illumnating units

ango ains emgdfape di2eq dfi dgite TR M\uhstrats otk ¢f e adisglay
in which a plurality of LEDs are arranged in a

pPapgdi sepsdiratier déx.i oimagsalatafcantures My rdhe D feameras

reflectin Iigg; emtted fromthe end-face )
36; Iilsuﬁ]uﬁ@tlgﬁgi @ JIMagRrPAefs Iy drvier dsl | bier dyigure

bel ow t he upper reflecting mrrors 41 are provided in

2 )aaPQg it§8Na By Subechiede tai predatarmined nlrggp pregessing.
the di splay panel substrate 10 placed on the rotating
table 21. Each of the upper reflecting mrrors 41 is,

about " 10 SRR R FFE RaPCpe PR aingy; TR gles at
bo\éﬁr %‘i&%'s B%S it}lieo%ios];)la%a%gn%fl tSQl s(%%%tcea% aasre?’6'
respectively aligned with respect to a region to be captured
by the CCD cameras 36 with the optical axes of the epi-
illuminating units 37 matched with the optical axis of the

CCD cameras 36 in vertical position are arranged.

Connection blocks 38 extending along the vertical
direction are respectively attached to the sliding blocks 34
such that one of the conneption blocks 38 is connected to
one side of one of the sliding block 34, the side being more
distant than the other side of the other sliding block 34.
End-face illuminating units 39 for respectively illuminating
the end faces located on the both sides of the display panel
substrate 10 placed on the rotating table 21 are
respectively provided at the lower ends of the connection

blocks 38 so as to oppose the corresponding end face.
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Lower reflecting mrrors 42 for reflecting |ight
emtted fromthe end-face illumnating units 39 toward
the 20 end faces | ocated above the |ower reflecting
mrrors 42 are provided in a region below the end
faces. Each of lower reflecting mirrofs 42 is, for
exanpl e, respectively arranged at a distance of about
5 mto 30 nmfromthe optical axis in a vertical MD029
position of each of the CCDZameras 36 and at MD029 -
23 a distance of about 5 nmto 25 mm fromthe top
face of the display panel substrate 10. The upper _
r ef | ect iB&fhni oF otke ndufrce chllenieeting usitsgh? is, for
emtted fromthe end-face illum nating units 39 and
exgmpde; | madendpPe ofhe ddaepzcddabit Seungies gixbensdng along
substrate 10 | ocated bel ow the upper reflecting
thei hesizontal| diggetionne WAy thige emhgsdinesrt,e @3y of the
mrrors 42 function to, reflect light emtted fromthe

engdnfaracdlipmipafdpronyndist 914838 unh@f ia Mddha e
he. end_f f._the displ I bstrate 10
o BEs S8 3582 Eho\ S8 SP L wBIER, & BIRRITSS Khcngps e

of the upper.reflecting.mrrors 41 has-a |length of 30
e AR GF Snint ReRPRAFORAETOALEPPEEERoN i n an inclined

state shown in Figure 1. Each of the I ower reflecting

mrrors 42 15 has a length of 10 mm al ong the

'FI”;'UL gayp%rézdife%cfécoﬁrld“ i krd ! 4 D8fh S L AL SEPWG ' 1 ght
emitted from the end-face illuminating units 39 toward the
end faces located below the upper reflecting mirrors 41 are
provided in a region above the side edges at the both sides
of the display panel substrate 10 placed on the rotating,
table 21. Each of the upper reflecting mirrors 41 is, for
example, respectively arranged at a distance of about 10 mm

to 60 mm from the optical axis in a vertical position of

each of the CCD cameras 36.

Lower reflecting mirrors 42 for reflecting light
emitted from the end-face illuminating units 39 toward the
end faces located above the lower reflecting mirrors 42 are
provided in a region below the end faces. Each of lower
reflecting mirrors 42 is, for example, respectively arranged
at a distance of about 5 mm to 30 mm from the optical axis

in a vertical position of each of the CCD cameras 36 and at
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Upper reflecting mrror rotating notors 43 for

rotating the upper reflecting mrrors 41 around

hori zontal 20 axes along the end faces of the display

panel substrate 10 are respectively connected to one

end of” each of the upper reflecting mirrors 41. The

upper reflecting mrror rotating notors 43 rotate the
upper reflecting mirrors 41 by an angle of 100 to 400MD029
W th respect to the vertical23irection, thus 029 - 24

MDO29 finely adjusting the direction of |ight

reflection fromeach of the upper.reflecting mrrors

a distpreenofs aboulay, Mroker 26 M dnaly the (tap fGag iafy the

rs 44 for rotating the lower reflecting mrrors
diﬁEEgYoBﬁHeﬂoFPPSﬁFéFea}gs al ong the end faces of the

di spl ay panel substrate 10 are respectively connected
to one end of each of the Iomer reflecting mrrors

ot Tt SR opo PP DR o
1180 SR e S SRR e, Sl g 59 e
f f
thﬁg #ﬁfhhgﬂgkg %ﬁFeC?E %Qgesog%rthre i%%ﬁngggan sdﬁ%trate

mrror rotatln

orgéﬁggégvslaxo@r ehé'ﬁspeﬂ%éiaeehhxg H1999rsNQ 1%~ 2FrS the
same way, the lower reflecting mirrors 42 function to
reflect light emitted from the end-face illuminating units
39 and thus illuminate the end faces of the display panel
substrate 10 located above_the lower reflecting mirrors 42.
Each of the upper reflecting mirrors 41 has a length of 30
mm along the inclination direction in an inclined state
shown in Figure 1. Each of the lower reflecting mirrors 42

has a length of 10 mm along the inclination direction in an

inclined state shown in Figure 1.

Upper reflecting mirror rotating motors 43 for
rotating the upper reflecting mirrors 41 around horizontal
axes along the end faces of the display panel substrate 10
are respectlvely connected to one end of each of the upper
reflecting mirrors 41. The upper refleéting mirror rotating
motors 43 rotate the upper reflecting mirrors 41 by an angle

of 10° to 40° with respect to the vertical direction, thus
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reflecting mrror sliding cylinders 45 so that the

positions of the upper reflecting mrror rotating

notors 43 can be adjusted. Furthernore, the upper

reflecting mrror sliding 20 cylinders 45 can be

vertically roved by upper reflecting mrror raising

and | owering cylinders 46 so that the positions of

the upper reflecting mrror sliding cylinders 45 can MD029

be adj usted. The upper refle@#inrg mrror raising and

| owering cylinders 46 are respectively attached to the

- 25 MD029 sliding blocks 34 | ocated above the
fiperlive b ipaige ddrddobon nef nl tglot srefileqhborf rem each

each of the upper reflecting mrror raising and
Oﬁ(ﬁhﬁlqR?QHMQQéi9Q$iﬁﬂ WFEQER| 4Y- noves the

correspondi ng upper reflecting mrror 5 41 together

with the corresponding upper reflecting mrror

sliding cylinder 45. The |ower reflecting mrror
rotatingt ﬁorla? sSame ¥ay . r LOBELt F@SFL9°§FLPQ %Ffr%mraw ing

ol 2ok, el W it L it 45
RS A TS 3 e
paﬁ%fl' @%%rs%r%%ecqla %.erev%“' & n:r.(yiiqn.lpvecrc?rh Eﬁ%ntd)er%n%fnd of

ecting mrror ra|S|

ea%?r%g?E %hgo%%IpQ%E& @%idH ﬁf?idfﬁ“ﬂzr‘”iH§“16Wér

reflecting mirror rotating motors 44 rotate the lower
reflecting mirrors 42 by an angle of 10° to 40° with respect
to the vertical direction, thus finely adjusting the
direction of light reflection in each of the lower

reflecting mirror 42.

The upper reflecting mirror rotating motors 43
respectively are slid horizontally along the x-axis by upper
reflecting mirror sliding cylinders 45 so that the positions
of the upper reflecting mirror rotating motors 43 can be
adjusted. Furthermore, the upper reflecting mirror sliding
cylinders 45 can be vertically moved by upper reflecting
mirror raising and lowering cylinders 46 so that the
positions of the upper reflecting mirror sliding cylinders
45 can be adjusted. The upper reflecting mirror raising and

lowering cylinders 46 are respectively attached to the
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47 can be adjusted. The lower reflecting mrror

raising and |owering cylinders 48 are respectively
attached to the connection blocks 38 respectively

attached to the end-face illumnating units 39 for
respectlvely il aminating the end 20 faces of the
correspondi ng di splay panel substrate 10 with [|ight.
Therefore, each of the |ower _reflecting mrror MDO29
rai sing and | owering cylindef3 28 vertically noves the
corresponding lower reflecting mrror 42 together with

sl&?ﬁp%ﬁ%ﬁe%%“%%— o f'@f?ét‘ffgi{gr?%%%%ﬂé PR
e R eSS AR St Thtoo TSP T AL AL & ROV
redgehies’ B‘E‘%trh 3" SRR A ?%”e%r?ﬁ STTRAEE Moo
vePECRILY olRe. 3b Romriiockdd MBI cror
1t Eggehﬁag‘ewﬁrtﬂc%ﬁ | %fi@ o%i E;%c’pg}étrpq:lteﬂfeé% rHi’:i%or

processing unit is output to trol unit
sli@iﬁ?nE&QHnaﬁkt4§2 respectively controls the DD notor

22, the  y-axis servonotor 28, the optical system

nmovi ng servonotors 35, the epi-illumnating units 37,

the upper reflecting mrror rotating notors 43, the

| over r efHeeCldwer Ntef Déct 110§ ahiNGorDESE St fdg fbeodppeE are

reflecting mrror sliding
respectively slid horizontally along the x-axis by lower

reflecting mirror sliding cylinders 47 so that the positions

of the lower reflecting mirror rotating motors 44 can be

adjusted. Furthermore, the lower reflecting mirror sliding
cylinders 47 can be vertically moved by lower reflecting
mirror raising and lowering cylinders 48 so that the
positions of the lower reflecting mirror sliding cylinders
47 can be adjusted. The lower reflecting mirror raising and
lowering cylinders 48 are respectively attached to the
connection blocks 38 respectively attached to the end-face
illuminating units 39 for respectively illuminating the end
faces of the corresponding display panel substrate 10 with
light. Therefore, each of the lower reflecting mirror
raising and lowering cylinders 48 vertically moves the
corresponding lower reflecting mirror 42 together with the

corresponding lower reflecting mirror sliding cylinder 47.
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15 cylinders 45, the upper reflecting mrror raising
and |lowering cylinders 46, the |lower reflecting
m-rror sliding cylinders 47, and the |ower reflecting
mrror raising and |owering cylinder 48. 20 The

I nspection apparatus 1 having the structure described
above can sinul taneously inspect each end face

| ocated at both sides of the display panel substrate MD029
10. In the inspection apparat®s-1 for inspecting an
end face of a transparent substrate according to the
present invention, - 27 NMD029 first, the target

di spl ay panel substrate 10 to be inspected is placed

h ble 21. The. displ I b t
10 pl acdd it fori ohie aﬁwééém?‘éffé"x‘éansﬁggﬁélir%‘tgm o
ble 21 | d ' h
enfobfodhe®l Sabe Rak" S Teiphrtb ol etfitel o
tx8h8BhAUnRALED S 13URA! LALS agnﬁg R B9 A Undditson.

Imggaphaxeapeagltu%gg% attﬁel cbs 50&6 qg;z %r‘ﬁ o, the

tatlngta hen t econ unit

lmags graééésiﬁgggmo512§oaﬁzgatth%&gDig.%fg%Ta%?tat X CHLH:Sétd by

position the rotat he Totati ng

théa@tﬁ 3&mé§asagbu§kegu§gehhah %opihhg@fp9%r %@iﬁg i&he
fixed display panel strate 10 I1s’loCate
imd4€ pHBEL8I1h80LANE 8. The output of the image
processing unit 51 is output to a control unit.52. The
control unit 52 respectively controls the DD motor 22, the
y-axis servomotor 28, the optical system moving servomotors
35, the epi-illuminating units 37, the upper reflecting
mirror rotating motors 43, the lower reflecting mirror
rotating motors 44, the upper reflecting mirror sliding
cylinders 45, the upper reflecting mirror raising and
lowering cylinders 46, the lower reflecting mirror sliding

cylinders 47, and the lower reflecting mirror raising and

lowering cylinder 48.

The inspection apparatus 1 having the structure
described above can simultaneously inspect each end face
located at both sides of the display panel substrate 10. In
the inspedtion'apparatus 1l for inspecting an end face of a

transparent substrate according to the present invention,
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15 the CCD caneras 36 above the rotating table 21. In
this state, the control unit 52 turns on the
epi-illumnating units 37 to illum nate the imging
regions and the surroundings bel ow the correspondi ng
CCD caneras 36 20 with light. Inmage data of the pair
of corners captured by the CCD caneras 36 is supplied
to the image processing unit 51, and the inage data MD029
is then subjected to i nage- ptbcessi ng. Based on the
results of image processing perfornmed by the inmage
,processing unit 51, the control unit 52 drives the -
fipgt, Mbbe9 tapgedtaldispdaymPaReEln Fuhstrihn & B35 be inspected
. provided above the support 31, the y-axis servonotor
is3p13/8dt RB BbendedRting: Fabdg ¥ t e ssianlay Fanae
rotating_table 21 so that the _pair of corners of the

SURSEERLE BOnBILASEHS OPalthel FOEatid%h F bl @l G finpd on the
cob BBy fac EoBGERAE b e B T i afmositon
5o S0 AL Eolet 5ediBlst BShe HRSILA Moy penen
suELA88 55, 405, CEP-GATH 53,38, LAEN B ALIANS or ene

roﬁﬁkghggtaﬁh805§.34 Wi th the connection bl ocks 38
t herebetween respectively oppose the end faces of the

di spl ay panel substrate 10 fixed on the rotating
table 21

When the display panei substrate 10 is fixed on the
rotating table 21, then the control unit 52 controls the y-
axis servomotor 28 and the DD motor 22 td adjust the
position of the rotating table 21. The rotating table 21 is
adjusted so that a pair of corners of the fixed display
panel substrate 10 is located within the imaging regions of

the CCD cameras 36 above the rotating table 21.

In this state, the control unit 52 turns on the
epi-illuminating units 37 to illuminate the imaging regions
and the surroundings below the corresponding CCD cameras 36
with light. Image data of the pair of corners captured by
the CCD cameras 36 is supplied to the image processing unit
51, and the image data is then subjected to image processing.
Based on the results of image processing performed by the

image processing unit 51, the control unit 52 drives the
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15 In this state, the control unit 52 drives the y-
axi s servonotor 28 to cause the rotating table 21
supporting the display panel substrate 10 to nove
along the y-axis and, during this noving, the

end-face illuninating units 39 are 20 intermittently
turned on at predetermned intervals. Wile the
end-face illumnating units 39 are on, the state of MD029

each of the end faces at bot® sides of the display

panel substrate 10 is inspected based on the inmges

captured by the CCD caneras 36. - 29 MX029 As shown
opitAcpilg§vetem moNd nioh Seavomeyt ofisp ASathpevitdgdhabove the

i nspecting an end face of a transparent substrate
SURPESItdBRg tHet He aFids ST VoA end Shay Ryt 22 to

5 insEect both the end_face |ie adjacent to the

eafuehy K pozetion ofa e eReerira R fo Pt e
f 12 f b 12 i he di I
pad o BRETaE A, 01 She, ALSBIeN PADS) FUPRARRS AP diked, on

t he t.her, end ,f of th

thg, eFRETRa1sREe, 2 5E BEGE 16 S BRLTE B Siihe of the

rovi n this case, based
on the imge data captured by the CCD caneras 36, the
control unit 52 controls the upper

When the pair of corners of the display panel

S| f the_ displ | _sub wh h
anglysRorBlodbnk B 1R PEODPAer3Y 36 L i s case,  based

substrate 10 respectively match the centers of the imaging
regions of the CCD cameras 36, then the end-face
illuminating units 39 integrally attached to the sliding
blocks 34 with the connection blocks 38 therebetween
rgspectively'oppose the end faces of the display panel

substrate 10 fixed on the rotating table 21.

In this state, the control unit 52 drives the y-
axis servomotor 28 to cause the rotating table 21 supporting
the display panel substrate 10 to move along the y-axis and,
during this moving, the end-face illuminating units 39 are
intermittently turned on at predetermined intervals. While
the end-face illuminating units 39 are on, the state of each
of the end faces at both sldes of the display panel
substrate 10 is inspected based on the images captured by

the CCD cameras 36.
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15 reflecting mrror raising and |owering cylinders 46
respectively attached to the sliding blocks 34 and the
upper reflecting mirror sliding cylinders 45
respectively attached .to the upper reflecting mrror
“raising and |l owering cylinders 46 to  adjust the
vertical position and the 20 position in the y-axis
direction of each of the upper reflecting mrrors 41 MD029
and the upper reflecting ntr2%r- rotating notors 43 is
respectively rotated on a horizontal axis along the
y-axis direction to adjust the direction of |[|ight
reflection. Therefore, the light emtted fromthe
MD029 - 30 end-face illumnating units 39 and
refl ect & f§hAWR hn ubbgure r b3 | cblhe ningpeebioniapparatus 1
respectively illumnnated on the imaging region of the
forpchnerretasasen sdudiacs ofe teddangparendnfubatirate
vicinity at both sides of the display substrate 10. 5

ackgradngr topibeqdrgpsent inyge tdora cerp sy iapaas 1¥ocp
B s G R AR
sofhloh"Spe $EhubCREEC SR L Sl LR Yoo or
tng € (SuBperhty 12)dn, PR LpIRTRRRET  BEpb TR b
onﬂ &HS XEﬁéLSeghrngEoBfthEaQPTogubstrate 11 and the
other end face of the CF substrate 12 at'a side edge

opposite to another side end of the display panel substrate

10 where the terminal section lla is provided.

In this case, based on the image data captured by
the CCD cameras 36, the control unit 52 controls the upper
reflecting mirror raising and lowering cylinders 46
respectively attached to the sliding blocks 34 and the upper

reflecting mirror sliding cylinders 45 respectively attached

to the upper reflecting mirror raising and lowering

cylinders 46 to adjust the vertical position and the
position in the y-axis direction of each of the upper
reflecting mirrors 41 and the upper reflecting mirror
rotating motors 43 is respectively rotated on a horizontal
axis along the y-axis direction to adjust the direction of

light reflection. Therefore, the light emitted from the
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the lower reflecting mrrors 42 and the | ower
reflecting mrror rotating notors 44 is respectively
rotated on a 15 horizontal axis along the y-axis
direction to adjust the direction of |ight
reflection. Therefore, the light enitted fromthe
end-face illumnating units 39 and reflected from the
| ower reflecting mrrors 41 is respectively
illuminated on the imaging $@gron of the CCD caneras
36 including the 20 end faces and their vicinity at
both sides of the display substrate 10. Wen each of
endhd agkq #%é’é‘%qqtl}rﬂ%d’cr}#f-'gs v t@dSQTQ%E‘i%ﬁ‘F Vergmj khe upper
r ﬁ&ped on, ht emtted fromeach of

SR8 MR g LA PoR RS o BenERe fed i athe
W&ﬂw%e@ 3331'&23& “%wm G LTRALRS 582 L8a saces
10, . T tgsted
a"%rg:ﬁ’\ 3%0 ‘?‘f}f]uesitek%‘g eréc ésd?ge@%pf:ﬂ 81%95' v subEtiate 10.

correspondi ng CCD caneras 36. Light that is
respectively reflected fromeach of the upper

[er ) eCU MO Lbe L Shddoh o | LILT IGLE 80:BAEMRRALLACEy the

end faces o e dIS play pane

cchbh %amlei*ggt rsef et eBbnftr T fAG! [}I o2 @18 R {1RE efover

capture 0 the correspondi ng CCD caneras 36. For
reEHQGE1hBahi&§o&eE%§%ﬁ%@'Hﬂa“ﬂdW%ﬂﬂﬂaﬂbylinders 48 and the

MDO029

lower reflecting mirror sliding cylinders 47, which are
respectively attached to the sliding blocks 34 with the
connection blocks 38 therebetween to adjust to the vertical
position and the position of the y-axis direction of each of
the lower reflecting mirrors 42 and the lower reflecting
mirror rotating mbtors 44 is respectively rotated on a
horizontal axis along the y-axis direction to adjust the
direction of light reflection. Therefore, the light emitted
from the end-face illuminating units 39 and reflected from
the lower reflecting mirrors 41 is respectively illuminated
on the imaging region of the CCD cameras 36 including the
end faces and their vicinity at both sides of the display

substrate 10.

When each of the end-face illuminating units 39

respectively is turned on, light emitted from each of the
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reflecting mrrors 41 and the |lower reflecting mrrors

42 and then is reflected fromeach of the end faces

of the 15 display panel substrate 10, if no defect,

such as a _chipping, is present in the end faces of

the display panel substrate 10, the intensity of

i ght received by the CCD caneras 36 is constant.

However, if a defect, such as a chipping, is present MD029
in the end faces, the intensdly-of |ight received by

20 the CCD caneras 36 becones hi gher -due to the

diffused reflection of Egg in the defect portion.

endyfagce dddaminatinge qnér‘qﬁ aek meflasttathExpm pagh of
panel substrate 10 is inspected, the inmaging region -
th, CopEesgopALag.oyen e teéweﬂraisrrmfsl defes bo”w
the t t
reapeﬁﬁaﬂ? %°§&hgfvae?e%i%%;ﬁé%em@%&%%ﬁs2$ £ Yres of Ry
th CE
oobf BFEh PRk Chbih eBeSiuahl RN o R o
eopCel, BERLE SRR, S B it s
' t
36 e raple RheE 28 Pekhleilvedc e Betan BBt E AL, e

upééferéffeéegng ﬁfr% gsfﬂﬁelézglﬁﬁmQﬁﬁ% g?%n HdH ¥ §he

and are a°f art show ng proce
end faces of the display panel substrate 10 and then, the

light reflected from each of the end faces is captured by

the corresponding CCD cameras 36.

For light that is reflected from the upper
reflecting mirrors 41 and the lower reflecting mirrors 42
and then is reflected from each of the end faces of the
display panel substrate 10, if no defect, such as a chipping,
is present in the end faces of the display panel substrate
10, the intensity of light received by the CCD cameras 36 is
constant. However, if a defect, such as a chipping, is
present in the end faces, the intensity of light received by
the CCD cameras 36 becomes higher due to the diffused

reflection of light in the defect portion.

In the case when the terminal section of the

display panel substrate 10 is inspected, the imaging region

-~
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for image processing perfornmed by the inmage processing

unit 51. Since image processing of inmges captured by

one of the CCD caneras 36 is the sane as that of the

ot her one of the 15 CCD caneras 36, the image

processing by one of the CCD caneras 36 is descri bed

below. In the flowharts of Figures 3 and 4S MD029
i nspecting both an end face adjacent to the termnnal -
section Ila of the TFT substrate 11 and an end face
adjacent to the termnal section Ila of the CF

10
R M T
adg%%eﬁg&éngﬂee%q{ﬂbeé%catp ure ra Jétctﬁg gfnl-g‘l‘ &.}B)gérate 11

an‘aa%reae%% EHRP 196 -adi a%pén@%%fi%@ﬂmg@c% Lla of

exanpl e of an 1 nage cdapture canmer a

thehicd sadet e gD ‘ﬁ:lfs?é fay gfarfblrlg a*tﬂ.e%fé’@erff& CarndCimage

adj acent to the term nal

provlebiale thl veh gi® st B RaNRe f;r Hesify Gapit 51
respectively illum nated wi'th Ilght reflected fron1the
cadpper swigtheat depeiding ohl v Hdie tPWodR IKtwdih the

mrror 42 by turning the end-face illumnating unit

cas@ an, whiichobdthedthe ehdCFare a1@hiapE Rthe ishPrRERN12e are
in the end face Ile and the end face 12e, the |ight

detetkedt eddf thm easke dh whdocbndnkeaoE thel lendafhddairndnd
face 12e is captured by the CCD canmera 36

the end face 1l2e is detected.

Figures 3 and 4 are a flowchart showing a procedure
for image processing performed by the image processing unit
51. Since'image processing of images captured by one of the
CCD cameras 36 is the same as that of the other one of the
CCD cameras 36, the image processing by one of the CCD
cameras 36 1is described below. In the flowcharts of Figures
3 and 4, inspecting both an end face adjacent to the
terminal section lla of the TFT substrate 11 and an end face
adjacent to the terminal section 1lla of the CF substrate 12
in the display panel substrate 10 is set in advance. In
this case, two image processing regions A corresponding to
the end faces are set as the imaging region to be captured

by the one CCD camera 36 (step S1).
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with a constant intensity. An area having the end face

lie as its center and a fixed wwdth is set as an

i mage processing region Al along the end face Il e,

and an area having_the end face 12e as its center and .

a fixed wwdth is 15 set as an inmage processing region

A2 along the end face 12e. In the case when one of trmaMDozg
end face lie and the end faﬁg 12e is a target for

i nspection instead of both™t “end faces Ile and 12e

| ocated at both sides of the term nal 20 section ila

[ he di,spl I b 1 d
one of t%igvﬁégga%ﬁsw%!gﬁ‘ﬁég%éapgﬁst%Fagng%sép."gpén ed by

er a { e pr. ceSS|n [.egi
the F%rre e&:‘aas n tﬁrrlgigse cg?‘%}cess ng re%eqon Pac% 1le and

th'XE%%% igﬁFltllgﬁ%re aeq{tg::tf?;sésﬂ%q efei%lgg%ﬁvéeé C?]? %ﬁa QF the

TF“Ints%%%'ttr%tehqq & iPHEACLEIIY e"ééfj OdaﬁY@i ﬁbé@PA’f?e g 'B:F‘e

he set i mage  processing r are extract ed,
re%@%ctt‘itv@llﬁ YAImi¥a e XML IEGHY X 51 d St &P %cﬁ\q the upper

tep S2).” In other words, the™ imge density of each

reE'lé%'ti(ﬁ Sl 29 Iam&r@tl%we&a&tetﬂféhtmg therkdd 42 by
camera 36 is determned, pixels having a

tuphedgt ehel eed-Fere iy 1IMmiftany ard rBetd, oncthd efect,
total nunber of extracted pixels is counted. In

suthgake ab ca)ipptihg , 1A spiprelsenithdn ereist |fgid Mwsnd the
intensity is a predeterm ned

end face 1l2e, the light reflected from each of the end face

lle and the end face l1l2e is captured by the CCD camera 36

with a constant intensity. An area having the end face lle

as its center and a fixed width is set as an image

processing region Al along the end face lle, and an area

having the end face l2e as its center and a fixed width is

set as an image processing region A2 along the end face 1l2e.

In the case when one of the end face lle and the

~end face 1l2e is a target for inspection instead of both the

end faces lle and 1l2e located at both sides of the terminal
section l1lla in the display panel substrate 10, the

corresponding one of the image processing regions Al and A2
i1s set. Hereinafter, such a set image processing region is

referred to as the image processing region A.
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| evel or nore are filled in wth black. The extraction

of pixels receiving light whose intensity is a
predeterm ned Ilevel or nore is repeated every tine

the end-face illumnating unit 39 is intermttently

turned on. 15 When the to6tal nunber of pixels

receiving light whose intensity is a predeterm ned

| evel or nore within the image processing region A is MD029
counted, then the x and y -c8drdi nates of each of the

pi xel s having a predeterm ned 20 density or nore are
identified (step S3). Wien the x and y coordi nates of

each pithehthﬁgimagﬁeQQDGeﬁBﬂad gdegdiomy Aords werte @se shown
identified, then the nunber ixels with a

inpFeging 6 (o e sy 18131?@?%0 ¥$i hight vhege intensity

processin region A along the y-axis is counted for
hagy @ BT mHaxes legrel D 2P e il iR hehe geet | page

x and y coordi nates having a predetern ned density or

PIRGESEeD TS OnTHe AT S EdFaiF ahe andsthe stotal ftber of

. 'e%gwlsﬁé%%fc%m E °rqe§te§:?esaaiusf"fp“?qn¢é‘em§b§¥é\%

SRR BT LD e e

E%%gCEBed%m%§a 36 is determined, pixels having a

predetermined density or more are extracted, and the total
number of extracted pixels is counted. In Figure 6(a), the
pixels that receive light whose intensity i1s a predetermined
level or more are filled in with black. The extraction of
pixels receiving light whose intensity is a predetermined
level or more is repeated every time the end-face

illuminating unit 39 is intermittently turned on.

When the total number of pixels receiving light
whose intensity is a predetermined level or more within the
image processing region A is counted, then the x and y
coordinates of each 6f the pixels having a predetermined
density or more are identified (step S3). When the x and y
coordinates of each pixel having a predetermined density or
more are identified, then the number of pixels with a
predetermined density or more within the image processing

region A along the y-axis is counted for each x coordinate
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Is determ ned, the nunber of pixels with a

predeterm ned 10 density or nore (the maxi mrum nunber n

of pixels) at the x coordinate is multiplied by a

preset ratio (e.g., 60%, and the value is set as a
~threshol d nunber of pixels (0.6n) (step S5). Then, as

shown in Figure 7(b), an x coordinate exhibiting that

the nunber of pixels wL.th a predeterm ned 15 density MD029

or nore is larger than the-tBeeshold nunber of pixels

is extracted (step S6). In Figure 7(b), at the three

| ocations for x coordi nates, 100, 101, and 110, the
banedhen tife gidesitsifiiad xa quddetarsordinatesshaying aore

is larger than the threshold nunber of pixels. 20
pr@eet emmd nedc dendi it exr atomsh| step 4 huntBinenf basedlsn the

Wth a predeterm ned density or nore is larger than
resvd tish iods Hidled aawmddindf gihdet togram elg rereated n a4i shown in

way, the absolute value of the difference (nl-n2)
Figinge &{bhe - 36 MD029 number ni, of pixels with.a

predeterm ned density or nore at each of the

extracted x coordi nates and the nunber n2, of pixels

at an adj.acent x coordinate (X-1) is_cal cul ated (see

step S7 THETEIRE LUFtoghamii® Sresbedi 4at E816t walli cRs shown

o iR, 2 AT i o

pilggg’w%gg gngréagtermined density or more along the y-axis
is determined, the number of pixels with a predetermined
density or more (the maximum number n of pixels) at the x
coordinate is multiplied by a preset ratio (e.g., 60%), and
the value is set as a threshold number of pixels (0.6n)
(step S85). Then, as shown in Figure 7(b), an x coordinate
exhibiting that the number of pixéls with a predetermined
density or more is larger than the threshold number of
pixels is extracted (step S6). 1In Figure 7(b), at the three
locations for x coordinates, 100, 101, and 110, the number
of pixels with a predetermined density or more is larger

than the threshold number of pixels.

When the x coordinates at which the number of
pixels with a predetermined density or more is larger than
the threshold number of pixels are extracted in this way,

the absolute value of the difference (nl-n2) between the
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are extracted as x coordinates (step S8). Then, each
of the extracted x coordinates is set as a candi date
for the coordi nates at which an end face to be
targeted for 10 inspection is |ocated. Then, the

* di stance between the two x-coordi nates, which are

consi dered as the candidates for the | ocation of the

end face, is calculated. The processing descri bed MD029
above is sequentially 15 peBéorned every tine the
end-face illumnating unit 39 is turned on at

predeterm ned intervals. Wen the x coordinates
nughed] adr.e@fapimied scandiia aradetammimnadl dernsity obenore at
targeted for inspection and the di stance between the
ea{GJFao ofy thgoegitracde d ghslapnddmates mnd div dueken 2, of
q@entlally 20 calcul ated every tine the end-face

nfa@ingdidicendo X soongddimadeord Xtlheri g akasiated (see

of the calculation are _respectively conpared with
steRcf7sdguEdorae ¢obeRichdao awaoa)g-'@y ipatess athothigh the
- 37 NMD029 If the x

caigaﬁ&i gt 3#?8%&?&62’559 & pumbets of dxels i Jarger
enpB TaenoPiet s, AT6° Bt acitbe  Cond sy Hopd oY Gha 110

arfBYLAaLERA%LE LORBEEUINRE SN LTCR Bol o> Gl Yact Tt tne

respec e nDVI
exgkggféﬁnﬁecoggpﬁgg@eg igl%gka%%d c%%%i'é%g(%or the
consi der ed

coordinates at which an end face to be targeted for
inspection is located. Then, the distance between the two
x-coordinates, which are considered as the candidates for

the location of the end face, is calculated.

The processing described above is sequentially
performed every time the end-face illuminating unit 39 is
turned on at predetermined intervals. When the x
coordinates considered as the candidates for the end face to
be targeted for inspection and the distance between the two
X coordinates considered as the candidates are sequentially
calculated every time the end-face illuminating unit 39 is
turned on, then the results of the calculation are
respectively compared with each sequentially obtained

average values (moving average values) (step S9).
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candi dates for the end face to be targeted for

i nspected and the inmediately previously calculated x

coordi nate considered as the candidates is in a

preset range when these 10 two are conpared, the

obt ai ned x coordinates are determned to represent

the location of the end face to be targeted for

i nspection (step S10). If the x coordi nates consi dered MD029

as the candidates 15 for thg7end face to be targeted

for inspection and the distance between the two x

coordi nates considered as the candi dates are not

Wi thin the phesetcoandinates cespidered asheheocangidates

average values, it is determned that a defect, such
fozs thec ﬁinéptfﬂgﬁe e hec hangeteich fice igrepeaiciomnahd t€h@0

effect is present in an inage. Therefore, the obtained

digtapger ekwees ihe oo m@;@dmetm@dnaﬂaaem ais ttte
end face, and a defect inspection is perforned using
capdddatss aEPuEesPectiyely: ydithilmae PreRet Range widkily
been obtained or the |location of the end face
reﬁB?@FnFﬂeHhStmPNénﬁréVP6@§e-V@éueﬁnﬁ@&ﬂﬁhﬂ”?#ﬂiﬁgﬁnce
en e X,COo inates are identified and the
be¥%§ﬁP|FlgﬂlQuSBgF3iﬁaF@QrQFQaﬁétEPHFﬁéﬁrﬁg F@bﬁ@§hnt

t|o of t e end fa to be targeted f

caﬁﬁg%gE%ggﬁ°Fn heneR m&?cetﬁgn &QFQ@Fan§ﬁEbﬂﬁﬁPQQ$ed and

thge£$ﬂé8¥gteiy Lrev1ously calculated x coordinate

considered as the candidates is in a preset range when these
two are compared, the obtained x coordinates are determined
to represent the location of the end face to be targeted.for

inspection (step S10).

If the x coordinates considered as the candidates
for the end face to be targeted for inspection and the
distance between the two x coordinates considered as the
candidates are not within the preset range with respect to
the moving average values, it is determined that a defect,
such as a chipping, has occurred in the end face and its
effect is present in an image. Therefore, the obtained x
coordinates are not employed as the location of the end face,
and a defect inspection is performed using the mean value of

the x coordinates that have already been obtained or the

location of the end face determined at the previous
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case, as shown in Figure 8, for exanple, with respect
to the set end face, first, a defect inspection
region is set. Figure 8 shows the case in which the
end face lie adjacent 10 to the term nal section lla
of the TFT substrate 11 and the end face 12e ‘of the
CF substrate 12, in the display panel substrate 10
are both targeted for inspection. In this case, MDO029
defect inspection regions Dl3g8o-D4 are set
respectively along both sides of the set end faces. 15
The defect inspection region D1 set outside the end
inspegtiioa.of the TFT substrate 11 is set in order to
detect a convex defect portion protruding fromthe
end face lie of the TFT substrate 11. The defect
i nspection region D2 set 20 inside the end face lie
of the THEerUbRke rateocaudinates ape ddeptifiedenndt the
concave defect portion for the end face Ilie of the

ld‘PP’F1§&B§t *af@Oor dingtas &ney defiermigrask tq raRxasent the
glon D3 set outside the end face 12e of the CF .
LogahiPPaPE Fhej SNdefach JOIBP (OTAtER LOT GRABEGIEL LN
- .39 9 port rotrudi ng framthe end face 12e
this "Vay. CERSRne: Patect: nepictdgredt M o e
S i |de th end f 12e _of he CE ,substrat
capd. S8b FHOKPGLh FadlEredt " sokoRedme te: BhtH HAMALY Jo the
seEhSnS”QaE89efl%St9fatB%fgﬁt inspection region is set.
Figure 8 shows the case in which the end face lle adjacent
to the terminal section lla of the TFT substrate 11 and the
end face l2e of the CF substrate 12, in the display panel
substrate 10 are both targeted for inspection. 1In this case,

defect inspection regions D1 to D4 are set respectively

along both sides of the set end faces.

The defect inspection region D1 set outside the end
face lle of the TFT substrate 11 is set in order to detect a
convex defect portion protruding from the end face 1lle of
the TFT substrate 11. The defect inspection region D2 set
inside the end face lle of the TFT substrate 11 is set in
order to detect a concave defect portion for the end face
lle of the TFT substrate 11. Similarly, the defect
inspection region D3 set outside the end face 12e of the CF

substrate 12 is set in order to detect a convex defect
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5 substrate 12. These defect inspection regions are

not limted to the configuration respectively setting

defect inspection regions at both sides of each of the

end faces. For exanple, 10 if inspecting a concave

defect portion is not necessary, as in the case in"-

which the end face |lie of the TFT substrate 11 is

subjected to chanfering, it is unnecessary to set the Mpo029

defect inspection region D2 ggside the end face Ile of

the TFT substrate 11. Furthernore, defect inspection

regions 15 are not limted to the configuration
poradpec iprodnndiatd ifipm ddfednd BpectiTy sRiESCRtsubstrate

both sides of each of the end faces and one defect
12i.nsThet iderf ercdyiiors feart deac hregnichif dpe gwly ieidettls® end face

that the end face is located in the center of the
12¢efodcithenSestubmtnadmy A2 120 séflenir herdiaf e detect a

i nspection regions are set in this way, then a defect
congayec dedect eosysliony faxr tdecrershdEdcecel2e¢ v HetHarCrRd.

Figure 9 is a flowhart showing a procedure for the
supstaatei A2pection. In this defect inspecting - 40

MDO29 processing, every tine each end-face

illumnating unit 39 is turned on at predeterm ned

intervals, it is inspected whether an island that has

a high(ﬂﬂﬁﬁ?)ﬁ?#%ﬁ%r+%ﬁp?€¢%8n regions are not limited to

the configuration respectively setting defect inspection
regions at both sides of each of the end faces. For example,
if inspecting a concave defect portion is not necessary, as
in the case in which the end face lle of the TFT substrate
11 is subjected to chamfering, it is unnecessary to set the
defect inspection region D2 inside thé end face l1lle of the
TFT substrate 11. Furthermore, defect inspection regions
are not limited to the configuration respectively setting
defect inspection regions at both sides of each of the end
faces and one defect inspection region for each end face may
be set so that the end face is located in the center of the

defect inspection region.

When the defect inspection regions are set in this
way, then a defect inspection processing for each end face
is performed. Figure 9 is a flowchart showing a procedure

for the defect inspection. In this defect inspecting
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| and portion) is present in the set defect inspection

5 regions. Then, for every defect inspection region,

the total nunmber of |and portions, the area of each

| and portion, and the maxi num val ue and the m ni num

val ue of the x coordinates and the maxi num val ue and

the m ni num value of the y coordinates in each |and

portion are calcul ated (see 10 step S31 in Figure 9, MDO029

and the sane applies to betod®. -In this case, when a

| and portion whose area in each defect inspection

region is smaller than preset threshold, the | and
PLoSESSIRg s aVArY deme feiaézix a@i%-ﬁ@ﬁ@etlhwnimﬁlrp@rwbh 39 is

Therefore, such a small land portion is determ ned

tuged omét anpdetemmimed dntareakentlritcngprcted

n which a | and portion havi ng

h
h%%% s tﬁ%@%‘ﬁ%@ G st danshige et ereat Lo as

T B e o
t he di st t
re%ﬁggfandq@’%ecf 50t rﬁgfogd&%%&ﬁ%ﬁ%ﬂafﬂfﬁeeﬁ%m%
h th .
toﬁggé %tlon Qﬁég%ﬁg o t%ﬁe%nﬂffﬁegglF@ngfportlon'

anah%thg gmmt LahRel hndndpl mnggr{uﬂd Yiiute G SHLL N

I nspecti on reg Cons Scat et
cobP8iRatBsSLARS +8E maximum value and the minimum value of
the y coordinates in each land portion are calculated (see

step 831 in Figure 9, and the same applies to below).

In this case, when a land portion whose area in
each defect inspection region is smaller than a preset
threshold, the land portion is not identified as a target
land portion. Therefdre, such a small land portion is
determined not to be targeted for the subsequent processing

(step 832).

In the case in which a land portion having a
predetermined size or more is present in each defect-
inspection region (step S33), when the presence of the land
portion is detected in each defect inspection region, then
the distance between the land portion and the end face is

calculated (step S34). Figures 10(a) to (c) show the
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the end face Ile. As shown in Figure 10, the

relationship 5 between the end face Ile and each | and

portion L is calcul ated based on the maxi num val ue

and m ni mum val ue of the x coordinates in the |and

portion and the x coordi'nate of the end face Ile. 10

Fi gures 10(a) and 10(o) show the case in which the x

coordinate of the end face Ile is |located. between theMD0293

maxi mum val ue and the m nifud val ue of the x

coordinates in the land portion L. Figure 10(b) shows

the case in which both the maxi mnum val ue and the
Logrtilpnmly Zedatdonshdps betaeandithe @nd fade Pt the TFT

gortlon L are larger than the x coordinate of the end
supgéEatee 11| angadignda Portdionsdils datectady igetihce fafret

maxi mum val ue of the x coordinates_ in the _|and

lnsepﬂtéﬁnLr&ﬁaOPﬁe Dénenﬂaee Hiocahed @fe thesibaide gigles of

en the mnimumyv e of e X coordinates

thPaﬁ\ggzﬁaﬁGr di6n _I_A§n§ 9 Ilé)'arté’%ﬁe&ﬁﬁwhlp

o M L, B3 Bl 557
LA LB h |

caf@piatRnr heseal 88r § ﬁaf“gg%f““f‘hé(a"" g cg‘ﬁ%ltllé“%ﬁ‘ﬁa’ﬁue of

thga§|gyn ?th%egn%nnkﬂ nﬂghﬁak%%tqfnwggfg ; q$ord1nate

coor & Iand port
of! Phat LaRakaks! 24konshi ps between each | and

Figures 10(a) and 10(c) show the case in which the
x coordinate of the end face l1lle is located between the
maximum value and the minimum value of the x coordinates in
the land portion L. Figure 10(b) shows the case in which
both the maximum value and the minimum value of the x
coordinates in the land portion L are larger than the x
coordinate of the end face lle. In each case, the distance
LA between the maximum value of the x coordinates in the
land portion L and the end face 1le and the distance LB
between the minimum value of the x coordinates in the land
portion L and the end face lle are calculated. Then, the
location of the land portion L with respect to the end face
lle is ldentified from each calculated distance LA and LB
and the relationships between the x coordinate of the end

face lle and the maximum value and minimum wvalue of the x
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portion and the end face are identified in this way,
then 5 the type of each defect, i.e., a concave defect
or a convex defect, is identified for each |and
portion based on the defect inspection region in
whi ch each land portion is detected. Furthernore, the
size of each defect is identified based on the area
of each land portion, and the 10 depth of a concave  MD029
defect or the anmpunt of prot42iston of a convex defect
Is identified based on the distance between each |and
portion and the end face (step S35). Thereafter, based
coeﬁdﬁﬁétﬁfpén tthe diand poydigne L.15 depth or the anpunt
of protrusion of the existing defect, it is determ ned
whet her the defect is within an allomable range,
i.e., whether the detected defect is allowable by

cbnbanlﬂf??maEﬁz%P?TF%ﬁRa*oFe}?El?Qﬁ%lBF PﬁEwﬂ@Pe€?Ch land

h

pofign Ffﬁt FEe 6o, rﬁéénggﬁgﬁégghi?ioﬁﬁ%%ﬁ} HiA then
Lrat

o B L AR

de?%QgUC# g?ﬂt§%zgd koEeQ? %%!&%IQET?FHD tt“ﬂhe

e ran splay
t p r .
cofbbp! 45ele s Borh o3PS U5 g it
det88PEEL | OPutRhethB8rB2i knBf 5898 [2C8Sch defect is
identified based on the area of each land portion, and the
depth of a concave defect or the amount of protrusion of a

convex defect is identified based on the distance between

each land portion and the end face (step S35).

Thereafter, based on the type, the size, and the
depth or the amount of protrusion of the existing defect, it
is determined whether the defect is within an allowable
range, i.e., whether the detected defect is allowable by
comparing the size preset for the type of the defect with
the depth or the amount of protrusion (step $36). If the
existing defect is not within the allowable range, the
target display panel substrate 10 to be inspected is
determined to be a defective product (step S$37). If the
existing defect is within the allowable range, the target

display panel substrate 10 to be inspected is determined to
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corresponding to two sides of the display pane
substrate 10 5 is conpleted in this way, then the
rotating table 21 on which the display pane
substrate 10 is placed and fixed is noved in order to
return to the starting position and is rotated by 90
around the vertical axis by the DD notor 21, and each
sliding block 34 is noved based on data of, for 10 MD029
exanpl e, the size of the dispBay panel substrate 10.
Thereafter, inspection for the pair of end faces
correspaonding to the remaining two sides of the

beqps gy 1 tys pHodist(ste® F38)s perforned by the sane
i nspection nethod as that descri bed above. 15 L? For
the inspection for end faces corresponding to the

f /S f_the, displa | b 0
el i o el R BT ot
| ul I' NS |
COFRSERBPIR GG Cayser SLISS OF (R AT AR (e ate 10
57 obhRTBEROIn, sHERTHRY ° (REHC e ek ey, Hefid 2y on

whiéﬁe.’épié’i bl sPak g"an%'f %hg@t‘ra"c% 1'@%%9 rﬁlra%@dt Rfha fixed is
epl -1 1Tumnatn nit 3 elng turned on _ _
mo{ég&eiﬂl braet ¥orekErhNeoceRtlel 3GaridingMydlitibiiidd is
rotated by 90° around the vertical axis by the DD motor 21,
and each sliding block 34 is moved based on data of, for
example, the size of the display panel substrate 10.
Thereafter, inspection for the pair of end faces
corresponding to the remaining two sides of the display

panel substrate 10 is performed by the same inspection

method as that described above.

;-

t}y For the inspection for end faces corresponding to
the four sides of the display panel substrate 10, two
inspection apparatuses may be used in order to reduce the
time required for inspection instead of using one inspection
apparatus for inspecting an end face of a transparent
substrate according to the present invention as described

above.

IlJuminating the end faces with a light emitted
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which is turned on at predetermi ned intervals during

i nspection of end faces, is off as shown in Figure 11,

5 detecting an intensity of the reflected Iight with

the CCD canera 36, and perform ng an inspection for

thre end faces of the transparent substtate by the

sane nethod as the inage processing nethod described

above increase the directions of lights illum nated onMD029

the end faces of the display4panel 10 substrate. This

i nproves the accuracy of detecting defects occurred

in the end faces of the display panel substrate, such
frasm d&hehiepdi-id,luminatdngyurdnd 3heédinke. tyaommed hen

i nspection for end faces of the display 15 panel
ingemgitdeatly, whide dhehenddsure thbkunigiatcing twatt a3 @,

easy to be detected by the epi-illumnatng unit 37 are
whdichf dise furmegimorh gde Fpdatemngd dntervym haAupnani t
39 and that defects occurri vary dependi ng on the
ingREGHIAR OfsEBa Fages qlids SEIAR ShQHn ok | FApES | bh

t hat uses both 20 the %Pl-lllun1natng unit 37 and the
deéﬁ&tFQQeQHIL&ﬁQRéﬂFﬂg uriite Fefrechfd sl ivohth Hehe CCD

uses gne of the epi- illumnatng unit 37 and the
CaE‘FrEaf 48 PPPuﬁieﬁgPFH‘an@mat“ JBSHEGHRR Q% end geaces of

nce_the contra

bt d
th3) FERPRRAFEOY REDELE e BT, f{’%é%lﬂfrnei Tehdia the image

prEHE%%&%BGm%Qhod described above 1ncrease the directions of

light?]illuminated on the end faces of the display panel
substrate. This improves the accuracy of detecting defects
occurred in the end faces of the display panel substrate,

such as a chipping, a hollow, and the like.

For the inspection for end faces of the display
panel substrate 10, due to the reason that defects that are
easy to be detected by the epi-illuminatng unit 37 are
different from those by the end-face illuminating unit 39
and that defects occurring vary depending on the material
used in the glass substrate, an inspection that uses both
the epi-illuminatng unit 37 and the end-face illuminating
unit 39 or an inspection that uses one of the epi-
illuminatng unit 37 and the end-face illuminating unit 39

can be selected.
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with the light emtted fromthe end-face illum nating
unit 39 is the inverse of that of inages obtained by
illumnating 5 the end face of the display pane
substrate 10 with the light emtted fromthe
epi-illumnating unit 37, the image processing
procedures for both illumnating-are slightly

di fferent fromeach other. 10 Furthernore, in general,
after the gap between the ~TET substrate 11 and the CF

MD029

substrate 12 is filled mﬁth Iqu|d crystal s, each
edge of fhe end faces of the substrate 11 and t he
CF subst#%?%el ?SCO?BFaE aﬂflémaQQEbPBE?éBepo Y

saSOTRER0%, PhelSh R % 1IL BoDe oo FdSirace 10
B 3 ?&“ﬂ“&%Le e B TR o
9t ?Lrsmtﬂgl lﬁ%(é'f's%n Ia%e?‘ﬁ %Cgien otbg:a(‘ih aerg Ebr I 91D+1§/minat1ng

IS necessary to C EC ge IS

th8UBhACEREe! B£CRARS QDY Y 13 R ﬁﬁqﬂ”ghe
ffui’ﬁ Vet he s ort(ﬁ

In order to y re

1ibAE" eASetEAC FEbhe kN pfi -aqq%n&%%%nf'u%&fte 3172 'éné‘ age

schematic di agram showi ng the structure of an optlca

préyékeimgf ptbeelniEREC Fo@N bdRPAL AN Mhinatd ngVdId Jfﬂ%htly
i nspecting an end face of a transparent substrate

different from each other.

Furthermore, in general, after the gap between the
TFT substrate 11 and the CF substrate 12 is filled with
liquid crystals, each edge of the end faces of the TFT
substrate 11 and the CF substrate 12 is, for example,
subjected to chamfering by wet grinding with grind stones or
illuminating each edge of the end faces with a laser beam.
In particular, in the case in which the short link described
above is removed and the edge of the terminal section 1lla is
subjected to chamfering, it is necessary to check whether
the edge is reliably subjected to chamfering by a
predetermined amount in order to fully remove the short link

and to increase the strength of. each edge.

Figure 12 is a schematic diagram showing the

structure of an optical system of the inspection apparatus



10

- 15

20

I nspecting the anbunt of chanfering after each edge of
the end face of the display panel substrate 10 is
subjected to chanfering. In Figure 12, the
epi-illumnating units, the 5 upper reflecting
mrrors, the Tower reflecting mrrors, the driving
mechani sm for adjusting the position and the angle of
each of the upper reflecting mirrors and the | ower MD029
reflecting mirrors are onmitt€8 fromFigure 1 and a
| ower CCD canera 36B is added. 10 For the inspection
for the anount of chanferin using this inspection
foépﬂaﬁmﬁﬂilﬁﬁ1%ﬂuﬁﬁQu§?Qﬁ Q e?kﬁﬁﬁﬂﬁpafﬁ%@ss%®%§¥¢b@ef°r

10Ais illumnated with a t emtted from an
ingpgctddg .qh%rﬁw%@%rﬁftm%@i% ke eAch edgpgof the
an upper CCD canera, 36A and t he

face 15 i S captured
enIdO\ﬁé‘F DL RIE DA (S CHkelD kot HbIeREs to

D M A AR f%&?&":h tgisw?éfe“m tggiﬁatthe
h
uppﬁiﬁé's?ﬁ&ﬁ%&%éiffﬁ%@ br Bl citart ¥ e;%rﬁcé#&*q Ry, the
oML 4 RAGIIAS SRR e enne
o] BRBRCLEOR LN RpflesP B 12 n P WIS 1k Alagech

reflecting mirrors are omitted from Figure 1 and a lower CCD

camera 36B is added.

For the inspection for the amount of chamfering
using this inspection apparatus, an end face of the bonded
glass substrate 10A is illuminated with a light emitted from

an end-face illuminating unit 39A, an image of the end face

. is captured by an upper CCD camera 36A and the lower CCD

camera 36B, and it is checked whether the amount of
chamfering for which the inspection is performed by the same
image processing method as that described above is

éppropriate.

As such, in the inspection apparatus for inspecting
an end face of a transparent substrate according to the
present invention, since each side edge to be targeted for

inspection the display panel substrate 10 placed on the



10

15

20

MDO29 rotating table 21 is respectively protruded into
a side of the rotating table 21 and the light emtted
fromeach of the end-face illumnating units 39 is
refl ected fromeach of the lower reflecting mrrors
42 provi ded bel ow the display panel 5 substrate 10 to
illum nate each end face of the display pane
substrate 10, each end face of the display panel MDO029
substrate 10 is reliably i4l4mpated with a Iight.
Since an image of each end face and its adjacent 10
area of the display panel substrate 10 illum nated
rofathng trhhe R4 dsprespediyi vedgh pofo tirvee@Ch e asi®b of
provi ded above the display panel substrate 10 and
thgeretasing éabﬁeeﬁd anhglc éhgr d idgdtte emdd tegk dtragn edeh of the
i ntensit received by each of the CCD
en@aﬁé?ﬁslgéumﬂﬁé dagetind t&a B d sddeddesd et fnam jeaghy of the
and rel i abl Furthernore, the type, the | ocation,
loyps §P£éesﬁ§nsh@imes%ﬁze§m Vagedc peday IfheleHeRiay, panel
case wth a nethod where an end

SUPaEEaanEm EFh ﬁé@&aiwaitﬁ eAGh eRfd faseeOfs thee display
d t based tt f th d f
pepRL FHEREPREE Lin SBaR RBE BBBoPFolhry SLERIGH RATE:
h fect t..h tI d t due t
subpEfabEctliceSorSe TBbad, i ARR P8LeR i ¥n18 dskbent to”
each end face of the display panel substrate 10
illTumnated with a light. In contrast to this, - 48

Since an image of each end face and its adjacent

-

area of the display panel substrate 10 illuminated with a
light is captured by each of the CCD cameras 36 provided
above the display panel substrate 10 and defects of each end
face are detected based on the intensity of light received

by each of the CCD cameras 36, the defects can be detected
precisely and reliably. Furthermore, the type, the location,

the size and the like of each defect can be detected.

For example, in a case with a method where an end
face is illuminated with light and defects are detected
based on an image pattern of the end face, the image pattern
can not be correctly recognized and thus the defects may not
be correctly detected due to the presence of the terminal
section lla adjacent to each end face of the display panel

substrate 10 illuminated with a light. 1In contrast to this,
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MDO29 the inspection apparatus for inspecting an end

face of a transparent substrate according to the

present invention does not cause this problem 5

Since each of the end-face illumnating units 39 for

respectively illumnating the each end face of the

di spl ay panel substrate 10 with light is

intermttently turned on, the variations in intensityMD029

of light with which each englgface is illum nated can

be suppressed, and 10 furthernore, the end-face

illumnating units 39 can be used wth stability for
thiehd nispeg tienmapplasadtuspein dmsymuetriatgisararehd hitace of a

i nspection nethod for inspecting an end face of a
tranapsganénsubshshtat ectoratoy dicmgheo presgntesimtention

invention are, for exanple, applicable to inspection
doksr nefid chuses tbfis| pawbdesr.ystal display panels, which

is one type of flat panel displays, organic

el ectrol um nescent (EL) displays, inorganic EL

di spl ays, plasma display panels (PDPs), and the I|iKke.

The 20 ISKIRE1827N cphaFBe LeRATiEAes L MAMbAA I BIaNBAtS 39

effectively _applicable to inspection for end faces of
fory Eﬁ§ﬁ\e§§FVélYplléjlé16‘tl&af§-@|@sttlh@t &achn ench£aqa e dhe

which quartz substrates are bqonded. ,MDO29 49
display panel substrate 10 with light is 1nterm1ttently

turned on, the variations in intensity of light with which
each end face is illuminated can be suppressed, and
furthermore, the end-face illuminating units 39 can be used

with stability for the long term.

The inspection apparatus and the inspection method
for inspecting an end face of a transparent substrate_
according to the present invention are, for example,
applicable to inspection for end faces of liquid crystal
display panels, which is one type of flat panel displays,
organic electroluminescent (EL) displays, inorganic EL
displays, plasma display panels (PDPs), and the like. The
inspection apparatus and the method are also effectively
applicable to inspection for end faces of transmissive-
projector substrates and the like for which quartz

substrates are bonded.
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Furthernore, the target for inspection by the

i nspection apparatus for inspecting an end face of a

transparent substrate according to the present

invention is not limted to a bonded gl ass substrate,

such as the display 5 panel substrate 10. The

i nspection apparatus according to the present

invention is applicable to inspection for an end faceMp029

of a single transparent subsjgate, such as a single

gl ass substrate, a single plastic substrate, or the

i ke. 10 | NDUSTRI AL APPLI CABI LI TY According to the

present puweidimdire } hEhé NEREGE t OFor appepatusoantdyt ke

i nspection nethod for inspecting an end face of a
inlshegthone appatasiusatferarit spretiing e @eTifsaty afc 15

reliably detecting defects in the end face of the
trahspapentnsubshishrtet @accsimg iy Honpihe gnebserelx penednvision is

optical system and i mage processing device and
notapdhi¢edf taceubandled glessctsiubgtradeanmuch ¢fs the display

chanfering of each edge of the end face of the
pranednsphstmateud ot r alfheafingpectd oad gpparatmss (fisgeandkng to

to chanfering. - 50 CLAIMS 5 MD029 1. An inspection
thgppzesens fsveptdpactdisngpradicadbleade dnspeatiaisfipemn end

substrate, the inspection apparatus conpri_sing: .
face of a single transparent substrate, such as a single

glass substrate, a single plastic substrate, or the like.

INDUSTRIAL APPLICABILITY

According to the present invention, the inspection
apparatus and the inspection method for inspecting an end
face of a transparent substrate are capable of precisely and
reliably detecting defects in the end face of the
transparent substrate using a simple and inexpensive optical
system and image processing device and capable of accurately
detecting the amount of chamfering of each edge of the end
face of the transparent substrate after the edge is

subjected to chamfering.
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a table for supporting the transparent substrate; a
first illum nating nmeans arranged opposite to the end
face of the transparent substrate placed on the table,
the first illumnating nmeans being for intermttently
emtting a light to the end face; 10 an i nmagi.ng neans
arranged in at |l east one direction wth respect to a
surface. of the transparent substrate, the end face MD029
and the surroundi ngs thereof5®etng an i maging region
of the imagi ng nmeans; and an inmage processing nmeans
for detecting a defect of 15 the end face based on an
i mage density of image dat@-AEMPtured by the i magi ng
means. 2. An inspection apparatus according to claim
1, further conprising first reflecting nmeans for
reflecting the light 20 emtted fromthe first

1.i Aoy dnsRECTd afe AP TR IS G iaPeqdiHg atheenrd (fa¢r of a
[ ' neans i.s arranged so that the end face and

CrARE BOT PP ABRIE A for OYE AMERERE SoMPRRAT A POMPrising:
IR RO SN AR LRI O N,
2000r 0 19 e LT AELF) Tpbde, AEERGa"SBB oL co e

end face of the transparent substrate placed on the table,

the first illuminating means being for intermittently
emitting a light to the end face;

an imaging means arranged in at least one direction
with respect to a surface of the fransparent substrate, the
end face and the surroundings thereof being an imaging
region of the imaging means; and

an image processing means for detecting a defect of

the end face based on an image density of image data

captured by the imaging means.

2. An inspection apparatus according to claim 1, further
comprising first reflecting means for reflecting the light
emitted from the first illuminating means toward the end
face,

wherein the imaging means is arranged so that the
end face and the surroundings thereof are the imaging region

illuminated with the light reflected from the first
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5 means with respect to the transparent substrate. 4.
An inspection apparatus according to claim2 or claim
3, wherein the table supports the transparent '
substrate in a horizontal position, and the first
réfl ecting means and the 10 i magi ng means are provided
on one face of the transparent substrate or at a
| ocation slightly away fromthe face. 5. An inspecti onMD029
apparatus according to clainsd, -wherein the table
supports -the transparent substrate in a horizontal 15
position, and a second reflecting neans and the
reifilegitigpg megarss .are provi ded on an ot her face of the
transparent substrate or at a location slightly away
fromthe other face. 6. An inspection apparatus
according to any one of clains 1 20 to 4, wherein the
3.t &bl dnispeahigy @ppara sy igasarding rext¢lopim 72, Atherein the
i nspection apparatus according to claim®6, wherein the
impgeing meang disanEaRaeth PrRPshlies terthediiggk Feflecting
surface of the table. - 52 MD029 8. An inspection
megp§awdiths TeEReCH t§ fthectaiansParfir Pt At 1 st
reflecting neans and the inmagi ng neans are novable in
an integral manner with respect to the table. 9. An
i nspecti on_ gpparat us ccordin% .0 claimg8, K wherein the

I
4-1 PPsEPPBECEOM FEREEAL USs ACROEGAT VP hsdbi 4ith claim 3.
wh%%%ggcahgota H% EMQE%EtE'%%QP%¥££ ﬂg¥gﬁ% substrate in a
horizontal position, and the first reflecting means and the

imaging means are provided on one face of the transparent

substrate or at a location slightly away from the face.

5. An inspection apparatus according to claim 4, wherein the
table supports the transparent substrate in a horizontal
position, and a second reflecting means and the imaging
means are provided on an other face of the transparent

substrate or at a location slightly away from the other face.

6. An inspection apparatus according to any one of claims 1

to 4, wherein the table is movable in a horizontal direction.

7. An inspection apparatus according to claim 6, wherein the
table is rotatable around an axis vertical to a surface of

the table.
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10 10. An inspection apparatus according to claim?9,
wherein, in the first reflecting neans, the direction
of reflection wth respect to the end face of the
transparent substrate is adjustable. 15 11. An
i nspection apparatus according to claim5, wherein
the second reflecting neans and the imagi ng neans are
novable in. an integral nmanner with respect to the MD029
table. 12. An inspection appa2atus according to claim
11, wherein 20 the second reflecting neans is
integrally novable with respect to the first
illumnating nmeans. 13. An.inspection apparatus
according to claim12, wherein, in the second
8.r &n| dasped thoan APRaRa tHs @qqasfigyg i Id@imm - wmerein the
MD029 with respect to the end face of the transparent '
figghs redleqtdngimeangoiapd the APaHidise et afppnmavable in
according to any one of clainms 1 5 to 5, further
anc dpbeaedg Mandedod th mesneat e dhenLate-
intermttently emtting a light to the end face of the
transparent substrate while the first illumnating

' ff. 10 . [ i
9. RBBoRBPRE A OB APRAE 2 e PECHEAAE 1 SLA g RGTRD the
£1 B el o bidPRedlaIly IQeEEa19Y SV P UA Fedibor to
the first illuminating means.

10. An inspection apparatus according to claim 9, wherein,
in the first reflecting means, the direction of reflection
with respect to the end face of the transparent substrate is

adjustable.

11. An inspection apparatus according to claim 5, wherein
the second reflecting means and the imaging means are

movable in an integral manner with respect to the table.

12. An inspection apparatus according to claim 11, wherein
the second reflecting means is integrally movable with

respect to the first illuminating means.

13. An inspection apparatus according to claim 12, wherein,

in the second reflecting means, the direction of reflection
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substrate. 15 16. An inspection apparatus according to
claim 15, wherein the linear |light source is an LED
array. 17. An inspection apparatus according to claim
1, wherein the imaging nmeans is a CCD canera. 20 18.
An i nspection apparatus. according to claim4, wherein
the first illum nating neans and the first reflecting
nmeans are respectively provided on the end faces at
both side edges of the trangparent substrate. | - 54
MDO29 19. An inspection apparatus according to claim
5, wherein the first_illumnating neans and th

widd GeFnest da ithe Achface of é’sl’t%c*%#%‘é?@a*fﬁfbﬁnﬂ&s‘bﬁate is
the end faces at both side 5 edges of the transparent

adjusdaPdee. 20. An inspection apparatus according to
claim1l, wherein the inage processing neans determ nes
an inage density of each pi xel in imge data captured

neans a 10 |de Jfi the end f
R S R R R W e
? E 5?%%9'%@%#?%4 23 %eCt°@?p?o%§£i§¥%”§in?&?§§éﬂsn %or

in@%&ﬁ&%%a%tﬁ?f%Hié%%ﬁajé”lidﬂi to the end face of the

transparent substrate while the first jilluminating means is

MD029

off.

15. An inspection apparatus according to claim 1, wherein
the first illuminating means is a linear light source
extending parallel to the end face of the transparent

substrate.

l16. An inspection apparatus according to claim 15, wherein

the linear light source is an LED array.

17. An inspection apparatus according to claim 1, wherein

the imaging means is a CCD camera.

18. An inspection apparatus accordiﬁg to claim 4, wherein
the first illuminating means and the first reflecting means
are respectively provided on the end faces at both side

edges of the transparent substrate. ot
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15 identified end face of the transparent substrate
and the inmage density of each pixel. 22. An

i nspection apparatus according to claim1l, wherein an
edge of the end face is subjected to chanfering. 20
23. An inspection” apparatus according to claim1l,
wherein the i nmage processi ng neans detects diffused
reflection at the end face of the transparent MD029
substrate as a defective pob&ien having a high

intensity of light. - 55 WNMD029 24. An inspection

apparatus according to claim1l1, wherein the

transparent substrate is a bonded gl ass substrate for

whi_ch two gl ass substrates are bonded so that a

13- AR RSP tah iaRPara tusH AGPTdng ti® ¢laky 5, wherein
substrates havinqg&gfredeternined gap to be filled

thg ERNSty ditd g medeRRddde serong, TefskReting means
appar at us .according to any one of clains 1 10 to 24

ar G EREPRY & ¥ O GIBL O e 1 | LAGER At DR Side
swtching a.target for in cti.on between one of the

edgﬁa °2a5g§ &F%ﬁ%ﬁﬁﬁﬁ&& &u§% I8KSstrate or both the end
faces of the bonded gl ass substrate, the bonded gl ass
substrate being bonded so that a term nal section is

206XRASeAspletion apparatus according to claim 1, wherein
the image processing means determines an image density of
each pixel in image data captured by the imaging means and
identifies the end face of the transparent substrate based

on the image density of each pixel.

21. An inspection apparatus according to claim 20, wherein
the image processing means detects a defect based on the
identified end face of the transparent substrate and the

image density of each pixel.

22. An inspection apparatus according to claim 1, wherein an

edge of the end face is subjected to chamfering.

23. An inspection apparatus according to claim 1, wherein
the image processing means detects diffused reflection at

the end face of the transparent substrate as a defective

portion having a high intensity of light.
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26. An inspection nethod for inspecting an end face of
a transparent substrate, the inspection nethod
conprising the steps of: intermttently emtting a
light to the end face of 20 the transparent substrate
by first illumnating neans; imaging the end face and
t he surroundi ngs thereof by inmging neans; and
detecting a defect of the end face based on an inmage MD029
density of inmage data captuor&8 by the inmagi ng neans. -
56 MD029 27. An inspection nmethod according to claim
26, wherein, in the emtting a light and the i maging,
the |ight internittently emtted al ong the
transparent substrate is reflected froma reflecting

241eds HERGTF M wrfaa%s agconting she ce 1ot nbt nglgerein
SRS R P Dol a e R cor
wriBOHhe it TR Ak fondia Aethdt e
sl 1hidsh Sr R ot S S e i Y Y 1
prifefeindfied Yt W T wilh TRifa iRy ©f

thgggggtwbg%qtlfles the end face of the t ranspar ent
substrate

25. An inspection apparatus according to any one of claims 1
to 24, wherein the image processing means is capable of
switching a target for inspection between one of the end
faces of a bonded glass substrate or both the end faces of
the bonded glass substrate, the bonded glass substrate being

bonded so that a terminal section is exposed.

26. An inspection method for inspecting an end face of a
transparent substrate, the inspection method comprising the
steps of:

intermittently emitting a light to the end face of
the transparent substrate by first illuminating means;

imaging the end face and the surroundings thereof
by imaging means; and

detecting a defect of the end face based on an

image density of image data captured by the imaging means.
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based on the imge density and detects a defect based
on the identified end face of the transparent
substrate and the image density of each pixel. 20 30.
‘An inspection nmethod according to claim26, wherein an
edge of the end face is subjected to chanfering. 31.
An inspection nethod according to claim26, wherein
the - 57 MD029 detecting a defect detects diffused  MD029
reflection at the end face 9 the transparent
substrate as a defective portion having a high
intensity of light. 5 32. An inspection nethod
according to claim 26, wherein the transparent
substrate s .a bonded | ass substrate for which two

279| &8s 1BGRECHAO8s MEtP b RESPERU NhHO Fhakhidfd ek 1n
g EREEARGh B 11GRF ta%'diéﬁﬁ ﬁ%ﬁiﬁ O FB ystal o
wohHERIREEESH ahirihe Yoo RER Ao 2o
regf%fl. EroPRs B et e el afr%ikﬁe?;ese o

bonded gl ass substrate or both the end faces 15 of the
bonded gl ass substrate, the bonded gl ass substrate

28PeaRY1ROPEBE 18R hBRhod BREHAThgS RS IcdRi® RXRIE1aim 27,
wherein the end face is intermittently illuminated with a
light by second illuminating means while the first
illuminating means for intermittently emitting a light to

the end face is off.

29. An inspection method according to any one of claims 26
to 28, wherein the detecting a defect determines an image
density of each pixel in image data captured by the imaging
means, identifies the end face of the transparent substrate
based on the image deneity and detects a defect based bn the
identified end face of the transparent substrate and the

image density of each pixel.

30. An inspection method according to claim 26, wherein an

edge of the end face is subjected to chamfering.

31. An inspection method according to claim 26, wherein the
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detecting a defect detects diffused reflection at the end
face of the transparent substrate as a defective portion

having a high intensity of light.

32. An inspection method according to claim 26, wherein the
transparent substrate is a bonded glass substrate for which
two glass substrates are bonded so that a terminal section

is exposed, the two glass substrates having a predetermined

gap to be filled with liquid crystals therébetween.

33. An inspection method according to any one of claims 26
to 32, wherein the detecting a defect is capable of
switching a target for inspection target between one of the
end faces of a bonded glass substrate or both the end faces
of the bonded glass substrate, the bonded glass substrate

being bonded so that a terminal section is expose



