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MD029 - 1 DESCRIPTION | NSPECTI ON APPARATUS FOR

I NSPECTI NG AN END FACE. OF A TRANSPARENT SUBSTRATE AND

5 I NSPECTI ON METHCD FOR THE SAME The present invention

rel ates to an apparatus and 10 nethod for inspecting

any defects at an end face of a transparent -
substrate, including a transparent gl ass - substrate,

that is cut into a predeternmned size. In the MD029
transparent substrate, a bonged substrate made up of a
~pair of glass substrates bonded and used for flat . -

di splay panels 15 is al so included. . BACKGROUND ART

Li quid crystal display fhédddrmpnsy substrates used 20

in LCD apparatuses are formed by filling a gap between
a pair of glass substrates with liquid crystals. A
wiring line;, athin-filmtransistor (TFT) and the

| i ke INSPROTIONIXPPARATUR RORSINSRETHING N VENIE FAE
generally referred to as a . TFT substrate. A col or
filter (CF) i@FpROYRANSPARENTeSUBSERATEORAD 2 gl ass -
"substrate, which is generally referred to as a CF
substrate. SUERSBEQTIQNaMEPHGOR| FQRDTHE agsaMEs, for

exanpl e,

The present invention relates to an.apparatus énd_
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. 1In 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 filiing a gap between a

pair of glass substrates with liguid 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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formed by bonding a pair of nother glass substrates
together and then cutting it into the size of the
di spl ay panel 5 substrate. A predeterm ned TFT, a
wiring line and the Iike are provided in advance on
the nother gl ass substrate to be forned into the TFT
substrate. Figure 13 is a schematic perspective view
of a cut 10 display panel substrate. A TFT, a wiringMDp029
line and the like are previzded on a TFT substrate 11
(arranged in the lower part in Figure 13) partially
formng a display panel substrate 10. On one side of
glagse sTBEtoalst,r athd chl isa genemaliy redefrired Tha asn aMtiFch
a plurality of termnals 11b 15 are provided to be
subsdgiadet.i v&uehc enddspdayt pasadh suibsitmgtel ilse iforf exapgle,
A CF substrate 12 conpleting the formation of the
forgieshbzy beaddinds @b Pedat @1 modhernt I9d aPET stipisdinadies Tpgether
are bonded with a predeterm ned gap to be filled with
and t&@@d°“@¢9§ﬂaﬂ§ théce fEewsdres 9dh thigadiskd aye PARSH

section 1la is 20 exposed. In the case _of

'Subﬁﬁﬁ‘eﬁsct uf ng@ﬁéeéffnéﬁleéy TEdnel VAHEe0r &F—@elenﬁa\?:h@g Like

structuyre %lscrlbed above, as shown in FI%
arel&’(&)"ld? e PePVABFS PPb the mRENeE FilASS SLPStEAtEDESbe
substrate 11A of a bonded

forﬁﬁgs§n%guB§Fr§?g fHBS&F@ 8ectrically connected to

each other with

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 lla on which a plurality of terminals 11b
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 tolbe_filled with liguid =

crystals therebetween such that the terminal section 1lla is .

'exposed.

In the case of manufacturing the diéplay panel

substrate 10 hav1ng the structure described above as shown

"1n Flgure 14(a) ‘the terminals 11b of the terminal section
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1 dihich

a short link 11c provided on a side edge of the
termnal section 1la of the TFT substrate 11A. The
short link 1la 5 prevents the accunul ati on of charge
in each of the terminals Iib and the wiring lines and
protects the wiring lines from electrostatic damage.
After a plurality of bonded glass substrates 10A are
cut froma bonded not her glass substrate. for which D029
mot her CF substrate and a mether TFT substrate 10 are
bonded, the TFT substrate 11A is cut along a cutting

' [ h in Fi 14(b), th di sengagi ng the
L SRR G % T HURTIAR A ot Heandad GRRss ¢ he

suililetten ik A & R TAghIY SRERGRYItd (N [afhamart th
o eI eshd LR SIS Y PR,

se S ABERE P ST B! 8% Spplaco 120
R R G L T

11bS Wbl +8ke wiQing N9he20 her Medr LR I %f &h%sc%rom
%? egge of e s&bgtrate

substrate 12 and the bottom
eletirak@attbl aamadel 0 %E%EEGE'Bguraga%g Qe %%%Fgﬁngggss

gl ass substrates 10A is forned to reSpectively c a
subp8iatek bonda@eW@bﬁeﬁrQhaésb&HQéHrﬁb%ﬁerwgg%%s %ubstrate

Fi gure 15 shows a section view of the bonded gl ass.
forswhithabemother CF substrate and a mother TFT substrate
are bonded, the TFT substrate 11A is cut along a cutting
line 11d shown in Figure 14(b), thus disengaging the
connection of the terminals to each other 1lb with the short
link 1llc¢ (see Figure 13). When the TFT substrate 11a is éut
along the cutting line 114, then the end facé 1le extending
along the cutting line 11d is ground and the both edges of
the énd face lle are subjected to chamferiﬁg. In this case,
in addition to:the end face 1lle along the.terminal section
11a of the TFT Substrate 11, at:an énd face where the
terminal section of the diéplay_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 glassusubstrates;
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1CA cut fromthe bonded nother substrate. In this

case, since a CF substrate 12A is cut so that the

term nal section Ila provided on the TFT substrate

11A i s exposed, the 5 position of cutting the CF

substrate 12A is different from the position of

cutting the TFT substrate 11A. As shown in Figure 15,

the position of cutting the CF substrate 12A is MDO2%

adj acent to a sealing nmenber4 13 provi ded for bonding

the TFT substrate 11A and the CF substrate 12A to

. each other. 10 Therefore, while the CF substrate 12A
Figure kS shRws ensteptiin tirw sefl the bended dbBass substrate

applied to an end face 12e of the CF substrate 12A to
1°%e°p%tf,dr%oﬂ’a% bpRdrg mother wReEREe. 1280 tEhbe eage.

: b |1y inclined (i.e., by hollow ng out
SR 5 1R VAT OFPA TR itorish IR 1014 Hes ekt h (pesgtion

| er. as the face 12e appr.oaches to the
'llagg)%vnlgd%%rreoﬁhe ﬁ%;q‘ﬁﬁﬁq‘aﬁ%&p}[ﬁ, JcFasﬁfc"?ﬂEPE’r‘?qﬂesﬂF“n

oL 35 7 PR N AR
e _ tion.

thed PR ich G A o Wpa Ui a0 T A o 1m

FigehQl iy i iiad oAt he t&@’c‘%ﬁ‘i‘x{g el %S%ES‘LQFJJ@ ‘?—Tel%*A is

at’e P or (? ace Ofl .

an end face of the TFT substr an en

ad jaBener tauRs ka8 nt? mhbkhe 18U SRl RAN%lon

substrate 10 may cause chipping. If a relatlvg
sublMb@3d®%e 21A and the CF substrate 12A to each other.

in% the TFT
y-1 arge

Therefore, while the CF substrate 12A is cut, the tension of
the sealing member 13 is applied to an end face 1l2e 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 1l2e approaches to the sealing

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

20

- 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 relatiﬁely—large
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shel | - shaped chi ppi ng occurs on the end face Ile
adjacent to the termnal section ila of the TFT
substrate 11, the chipping my extend toward the
i nside of the TFT substrate over tine and thus the
termnals |lib provided on the 5 termnal section |la
may be broken. As such, if the display panel substrate
10 that is cut froma pair of nother glass substrateD029
bonded to each other and 4 tat- has a defect, such as a
chipping, in the end 10 face of the TFT substrate 11
or in the end face the CF substrate 12 is transferred
shebl tthaprgtcipping decyns nenl theitend facei Hleradjatent to
di spl ay apparatus, the manufactured |iquid crystal
%ﬁpﬁ%‘ti@l e it BperBER subperate 11, ethe a
def ective product may be produced. 15 If a defective
ChIRRIRE MA% TR i toward |tha nsite of theIERtsnbhskrate
[ d crystal display apparatuses, there is a

|1 qui
OVeF: diimemaAnthtitte i HeRAINA Ry LARIRFIFLded A g st al
di,spl.ay apparatuses is _significantly reduced. In
te%’%%tﬁ%‘%&%é?@cﬂ%&?%e, in a case where the

“end face 12e of the CF substrate 12 has-been
inclined, noisture may penetrate the gap between the

' [ 1 d TFT b 11 ] .
SUbsequaht o SPRAnC nEie: Bhob TRusPenel FaPRFRArS 1pthet 1o
cutl tf?coineranb@ﬂlr %%Ctrrloc?:'i]xey %l%fsst @%b-gﬁ:}a%z%onded 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 cryétal display apparatus may not operate properly,

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

If a defective product is found in the last stage
of manufacturing liquid crystal display apparatuses, there

is a pr6blem 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 12e and the TFT

substrate 11 in a subsequent cleansing sfep. Thus the

terminals 11b of the ferminal section 11a of the TFT
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6 _ substrate 11 may be subjected to corrosion due to

the noisture, thereby increasing the possibility of

product defects. 5 1n order to solve such problens,

it is preferable that defects, such as an inclination

of the end face, a chipping the end face and the

i ke, be detected by inspecting the end face of the

TFT substrate 11 or the end face of the CF substratemMpo29

12 in the display panel sub#rate 10 10 cut fromthe

bonded nother substrate before the display pane

substrate 10 is transferred to the next step. However,
subgtyateli¥¥ imay tbe cwifectiahtty conresion alwd ytaetlost

defect parts, such as the inclination of the end
mojsigEre + Herereipi rreds iogl fhe pesslibibi ty kef mfoduet

di spl ay panel substrate 10. 15 Moreover, for the end
defiegdd 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_is filled with liquid crystals, each of

20 the tUgREISY PPeSehderaiield PXobiamsal iy sabprefegable

to .chanferin wet gr.i ndi,ng process with grind
thay eFRTe Bl A ard Sl B e eing. 2

. t ' mount_ .of .t he .edges of_ the end faces
cniBpIHE B B, R Pad” s arkepen g troted by
inspecting the end face of the TFT substrate 11 or the end

face of the CF substrate 12 in the display 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 is'filled.with liquid crystals; each of

" the edges df the end faces 1is generally subjected to

_chamfering by'wet grinding process with griﬁd stones.
Howefer} 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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MDO29 7 The present invention is to solve such

probl ens. The object of thereof is to provide an

i nspection apparatus and an inspection nethod 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 exanple, inspecting the state of a part subjectetib029
~to chanfering of the end f-age.- 10 DI SCLOSURE OF THE

| NVENTI ON An i nspection apparatus for inspecting an

end face of a transparent substrate according to the
present invention includes a table for supporting the
transparent 15 substrate; a first illum nating neans

arr angetheppossentt snventiendisate sblvaesuchnppabiens.
substrate placed on the table, the first illumnating

Therréﬁ’rﬂ@%i‘%% thereodt denitia @mavideedn tinspestiqghtanmeratus

the end face; a inmaging neans arranged . in at | east

ang, A2 dinsagtdenwmethoss sepables #fs efftded gt ivhangh

transparent suhstrate, the end face and the

acey, &ﬁﬁdidﬁg‘-&cttlﬁ'& Gorefscty SYSa@s fGiPedneh &R he

.l Ln% neans;. and an iw% e processing neans for _

LSRRt G Bl SBEOPEL o LERASPREES AL Lo ton A des©
[ f i e data captyred_.by the. i in ans.

cardBIE.BY BeRaTans e Eory eXaedrr b dl REG EnSs 0By ate oF a

part subjected to chamfering of the end face.
DISCLOSURE OF THE INVENTION
An inspection apparatus for inspecting an end face

of a transparent substrate according to the present

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 1light to the end face: a imaging means afranged_

in at least one direction with respect to a_sﬁrface of the

transparent substrate, the end face and the surroundings

thereof being an imaging regidn 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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8 achieved. The inspection apparatus may further

include first reflecting nmeans for reflecting the

light emtted fromthe 5 first illumnating neans,

wherein the imaging neans is arranged so that the end

face and the surroundi ngs thereof are the imaging

region illumnated with the light reflected fromthe

first reflecting neans. 10 The inmagi ng nmeans nay be MD029

arranged opposite to the -figrst reflecting neans with

respect to the transparent substrate. The table may

.support the transparent .substrate in 15 a horizontal
achdegietdi.on. The first reflecting means nay be provided

bel ow t he transparent substrate. The table may support

the transparent substrate in a horizontal position.

The second refl ecting neans nay be 20 provided above

t he tr affspainsneaiion raprardies el Cunthere vkde first

a horizontal direction. The table nay be rotatable
refigghingnmganps Fert redlenbérg the fdghtsemiiéedofrone the

table. The first reflecting nmeans and the inaging,
flrﬁﬁaﬁéluwayasénﬁovﬁapé -i WhgReilpt EfrPalmAgAREr MGRRE 1S

ct
arranggg ghat the end face and the surroundings thereof
are the imaging region illuminated with the light reflected

from the first reflecting means.

- -The imaging means may be arrangéd'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:horizohtal position._ The second reflecting means'may'bé

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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5 table. The first. reflecting nmeans may be integrally
novable wth respect to the first illum nating neans.
10 In the first reflecting neans, the direction of
reflection with respect to the end face of the
transparent substrate may be adjustable. The second
refl ecting neans and the imagi ng neans 15 nmay be

‘novable in an integral manner with respect to the = mMpo29

tabl e.- The second reflectiing neans may be integrally
novabl e with respect to the first illum nating neans.
20 In the second reflecting neans, the direction of

to reefduarfidaen ot thhe agddet. to the end face of the
transparent substrate may be adjustable. MD029 10
The inspection apparatus may further include second
illumnating neans for intermttently emitting a |ight
to theThadfinse véfldetingnspanenand utisé r ahegiviy| eans
the first illumnating neans is off. 5 The first

mayj [bleumovabileg ime &ns imde gy la ranpear Wiitghtrespegrtce:o the

. b'elxtending parallel to the -end face of the transparent

a e, : :

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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substrate. 10 The linear |ight source may be an LED
array. The imaging neans nmay be a CCD canera. The
first illumnating neans and thefirst 15 reflecting
nmeans may be respectively provided on sides of the
end faces at both side edges, of the transparent
substrate. The first illum nating means and the second
20 reflecting neans may be respectively provided on wmbo29
sides of to the end faces ap both side edges of the
transparent substrate. The inmage processing nmeans nmay
determ ne an image MD029 - 11 density of each pixe
- in i mgEhdataspaptiordappairbeusmgiyngurireénsiasludaysecond
identify the end face of the transparent substrate :
:.llbm;terhtmmg hvee drrsa i rd einsietryn iof t esicty @Emdedtichy Eheliigmgeto
processi ng neans may -detect a defect based on the
the deovdt ifaaal ehdHeadeapspamentr andpanerite whillst ridtee ikt
the i mage density of each pixel. An edge of the end
illpdeatdnchaenns dst offt.o 10 chanfering. The i mage
processi ng neans nmay detect diffused reflection at
the end face of the transparent substrate as a

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 respéctively‘pro#idéd on sides of

the end faces at both side edges of the transparent

"substrate.

The first illuminating means and the second

reflectlng 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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defective portion having a high intensity of light. 15
The transparent substrate nmay be a bonded gl ass
substrate for which two gl ass substrates are bonded so
that a termnal séction is exposed, the two gl ass
substrates having a predeterm ned gap to be filled
with liquid crystals 20 therebetween. The image '
processi ng neans i s capable of switching an MDO029
i nspecting target between-onge of the end faces of a
bonded gl ass substrate or both the end faces of the
bonded MD029 12 gl ass substrate, the bonded gl ass
dersilist reft eedidi nyistednded ismagd hdta detirel Bedtiennaging
exposed. An inspection nethod for inspecting an end
megrgc @yl mdy aderdnidiartd esubsacd eofadte dinendpandre
present invention includes intermttently emitting a
substgiate dadesl amnd thecdrefge tdengirgnfareath quibstir.at e by
first illum nating neans; imging the end face and
t he surroundi ngs thereof by imaging neans; and
detecting a defect of the end face based on an 10
i mge dER%| iM2¢e RTRRRRSHLRS BepherBay bjeteet | aadefect
- nmeans. . _Thereby, the object described above is
basgdnhopy dde Aepitd fdmtk enfy faas ¢t thed tosesPRagintg
intermttently emtted along the

SUb?&§%§§%2§ﬂt%b%EEPPgﬁedGHSltY 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 substirate 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 is 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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15 may be reflected fromreflecting nmeans toward the
end face. The end face may be intermttently
illTumnated with a light by second-illum nating neans
while the first illumnating neans for intermttently
emtting a light to 20 the end face is off. The _
detecting a defect nay determ ne an inage density of
each pixel in imge data captured by the inmaging MD029
means, identify the end facegzof the transparent
substrate MD029 13 _ based on the inmage density and
detect a defect based on the identified end face of
gldashe dutsiapareenttieusinddd® dabd bdtmge disid Ybofded so
each pixel. 5 An edge of the end face nay be subjected
thato a dleamfigralngechionddise epuped . def ect may det ect -
di ffused. reflection at the end face of the
transparent substrate as a 10 defective portion
having a high intensity of |light. The transparent
subst r sk FagPeet bobhonekiod| s inspettihre fdwurend Eace of
- two gl ass substrates are bonded so that a termnna
a trgesporens Sepsicgte Recopsigicads FhissPrasedt 3nvaptien
a predetermned gap to be filled with liquid crystals

1n°ﬂhlé’@ébéﬂk@éﬁuttﬁét&¥t ERitigng @efld@htmky B@ec&ﬁa‘imf@C@f of

thes%kanspa%ent 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 imagé data captﬁred 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 llght by second 1llumlnat1ng means while the first
1llum1nat1ng means for 1nterm1ttently emlttlng a llght to

the end face is off.

The detecting a defect may determine an image

density of each pixel in image data captdred by the imaging

. means, identify the end face of the transparent substrate .
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an inspecting target between one of the end faces of a
20 bonded gl ass substrate or both the end faces of the
bonded gl ass substrate, the bonded gl ass substrate
bei ng bonded so that a term nal section is exposed.
BREI F DESCRI PTI ON OF THE DRAW NGS MD029 14 Figure 1
is a schematic di agram showi ng the structure of an

i nspection apparatus for inspecting an end face of ampo29
transparent substrate accorggng to an enbodi nrent 5 of '
the present invention. Figure 2 is a block diagram of
a control systemof the inspection apparatus for

basiads pac tihg iatagenddmtayofantl dataspal Efesdibh Hads® on the
according to the present invention. 10 Figure 3 is a
idefnltdvdclest tersh daiceg o thyee riatanspan@inic edibserdated md the
i nspection apparatus for inspecting an end face of a -
imageadepaidiyt ofulesichatpdxedcordi ng to the present '
invention. 15 Figure 4 is a flowhart show ng an
operating procedure in the inspection apparatus for
i nspecting an end face of a.transparent substrate
accor di4® ed0e et pkhecend fagenapnbe subjected to -

chamfering.

The detedting 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 ylass
substrate for which two glass substrates are bonded so that
a terminal section is exposed, the two gléss_substrates
having a predetermined_gap to be filled with ligquid 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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20 Figure 5 is an illustration showi ng an exanpl e of
an i mage for explaining the operation of the-
“inspection apparatus for inspecting an end face of a
transparent substrate according to the present
invention. MD029 15 Figure 6(a) is an illustration
for explaining image processing in the inspection
apparatus for inspecting an end face of a transparenypgzo
substrate according to the pjesent 5 invention. Figure
6(b) is an:illustration for explaining the inmage
processing in the inspection apparatus for inspecting
an end face of a transparent substrate according to
the 10 present invention. Figure 7(a) is an
i1l ustraigepef oriexpl aknéngtibedihgner HhOwER§I BHel N
the i nspection apparatus for inspecting an end face
strefctarte TS par dnls pRidislonatap pRaeiiul Tdr dddeciiny egering
‘invention. Figure 7(b) is an illustration for
f acex plfaian itngnispar enrth Ga bEstaeass iqrg doditne i Hre @hnibeadiment
apparatus for inspecting an end face of a transparent

- of $hiesprasendcdoveigons the present invention. 20

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

Substrateuacco:ding to the present invention.
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Figure 8 is an illustration show ng an i mge for

expl aining the i nmage processing in the inspection
apparatus for inspecting an end face of a transparent
substrate according to the present invention. MD029
16 Figure 9 is a flowhart show ng an i mage
processing procedure in the inspection apparatus for
i nspecting an end face of a transparent substrate MDG29 .
according to the present 5 ggvention. Figure 10 is an
illustration for explaining the inmage processing in
the inspection apparatus for inspecting an end face
of a transparent substrate according to the 10 present

invention. Figure 11 is an illustration for explaining
how an Figdréa6éa)l isnanatibhgsthatiandfes explaining image
epi-illumnpnating unit are turned on and off. 15

Progiegpaiadgldn dhe sigtspeattiiondiagram iV drdwpecting an end
structure of an optical systemof the inspection
facgppdr & Fgranspatendpestistyade automlingita threanseaea it
. substrate. 20 Figure 13 is-a perspective view
1nvedRd®it-i cal |y showing the structure of a display
panel substrate. Figure 14(a) is a schematic
per spective view for

Figure 6(b) is an illustration for explaining the
image processing in the inspection appératus for inspecting

an end face of a transparent substrate according to the

present invention.

Figure 7(a) is an illustration for explaining fhe
image processing in the inspection apparatus for inspecting

an end face of a tranéparent substrate according to the

present invention.

Figure 7(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 8 is an illustration showing an image for

explaining the image processing in the inspection apparatus

- Ffor inspecting an end face of a transparent substrate

according to the present.invehtion. -
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showi ng a procedure for manufacturing the display
panel MD029 17 substrate. Figure 14(b) is a
schemati c perspective view for show ng a procedure
for manufacturing the display panel 5 substrate..
Figure 15 is a sectional view show ng the main part
of the display panel substrate. 10 BEST MODE FOR :
CARRYI NG OUT THE | NVENTI ON Hereafter, enbodi nents of MD029
the present invention are- teseribed below. 15 Figure :
1 is a schematic diagram show ng an exanple of an
i nspection apparatus for inspecting an end face of a
transparent substrate according to the present
i nvention. The inspection apparatus 1 for inspecting
an end Fageref9aist pafidpuchartsshevingeansimage processing
exanpl e, used for inspecting 20 each end face of a TFT
progasimeptia thegdd spactinihannaratis dor dniprgsttangaelend
~__substrate 10 shown in Figure 13. The inspection.
facgwdr & (FapspeTants st ten aaferdiae toF the present
. transparent substrate includes a sliding table 23 '
invigldd®n-18  provi ded above a base 24 so as to be
‘slidable in a

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

showing the structure of a display pahel substrate.

Figure l4(a) is a schematiC'perspectivé view for

showing"a,prodedure for manufacturing the display panel
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predeterm ned y-axis direction, a direct-drive (DD)
nmotor 22 provided on the sliding table 23 and a
rotating table 21 provided so as to be rotated by the
DD nmotor 22. On the 5 rotating table 21, the display
panel substrate 10 is placed in a horizontal
position. The rotating table 21 vacuum hol ds the
pl aced display panel substrate 10 so that the displ ayb029
panel 10 substrate 10 is fixed-in a horizontal :
position. The DD notor 22 provided on the sliding
table 23 has a rotating axis in a vertical direction.
subHigratet.ating table 21 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 periphery of the placed display pane
subst r digue i M4 (b bt isideds¢heathe prEsPectEentbeeter
of the rotating table 21. The sliding table 23 on
ShoWHP@hatE§°BBGH6P0¢°EZ"ﬁ§Uf@GtﬁFévﬂdégei§¥ﬂﬁ¥@§b@@nel
alon% a pair of y-axis guide rails 25 which are
i*&ed 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 provided between the pair of

Lngaged Wi 49 45< Sasorab Vi R YT iy part
of EﬂetHEgB?E&OHhﬁéies%ESEQQt%['d'”9 table : '

BEST MODE FOR CARRYING OUT THE INVENTION

Hereafter, embodiments of the present invention are

described below.

Figure 1 is a schematic diagram shdwing 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 ihspectihg

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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23. A y-axis servonotor 28 is connected to one end of

the y-axis ball screw 26 and rotates the y-axis bal

screw 26 in forward and reverse directions. The

sliding table 23 is 5 slid along the pair of y-axis

guide rails 25 in both directions (back and forth

directions, which are vertical to the plane of Figure

1) by the rotation of the y-axis ball screw 26 in thMD029

forward and reverse directib®s- 10 A support 31 is

provi ded above the rotating table 21 on the base 24

so as to be bridged in a horizontal position along an
proy-igheds apiovecta daseMBdclsd sspdpdedisduldable dn e :

y-axis ball screw 26 and each of the y-axis guide
predgtiesmdned) yoaxd sofd regtiionguiad dimeidts @2 ves (Rlovimgdpr 22

on 15 the support 31 along the direction perpendi cul ar

- providee op- the sliding drdde2@3amardederadfating yrabdies 21

guide rails 25 provided on the base 24 so that the
ProyFidedoSoy agxite §’t§’| dfé"tarf@ldl ?YSZhies Doomot&dr 223) | tﬂnndihe

bl acks 34 respectively Wi_.th the x-axis

id
rotAtAng 3045 231 e CPISs! §208d RURRLEA 110 SeeRgaced
33,are bridged in.a horlzontal posi tion above the
in §uBﬁ5FF°§fagaP8FF§F°PO each of the x-axis guide rails
32. The x-axis ball screws 33 respectively engage
with x-axis ball nuts (not shown) attached to the

MD029 fﬁé rotating table 21 vacuum-holds the placed

display panel substrate 10 so that the display pahel

‘substrate 10 is fixed in a horizontal position. The DD

motor 22 provided on the sliding table 23 has a rotating
aﬁis 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 placed display
panel substrate 10 is profruded 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 rails 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 proﬁided between the pair of y-axis guide

'rails 25._ The y-axis ball screw 26 engages with a y-axis
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sliding blocks 34. Optical system noving servonotors
35 are respectively connected to ends of the x-axis
bal| screws 33 |ocated distant fromeach other. The
optical system noving servonotors 35 respectively
rotate the x-axis ball screws 33 5 in the forward and
reverse directions. Therefore, the sliding blocks 34
are reciprocated in both x-axis directions (right andD029
left directions in Figure-1)9along the x-axis
direction by the rotation of the x-axis ball screws 33
in the forward and reverse directions. 10 The sliding
baldl oukis 234 girahede teltie thue tsupfade JF thed dldwkEmg table
ends of the sliding blocks 34 are adjacent to the
23 di Fplyapiisnsergettaat 2810 gplcageecdred He roteatandy of the
table 21. Charge-coupl ed device (CCD) caneras 36 are
Y-axdsp datlily elorers 6 aniddawp tateshdhel ivhiang sblbedids s3zrap 126 in
-an optical axis in a vertical position. The CCD
fo ARBEFereE Ginesticaspecilheelslidinge habdeedd 1s
faces located at both sides of the TFT substrate 11
sligh@lopg épes@’é‘s"irr &ife YI2¥ighquH-dec givdidist #oe ithdadibspl ay
anel substrate 10 | aced on the 20 rotating table 21.
<1_F31°|1?§g| ﬁ’& 6’F’ tha SRS HiRe Secihdafe PXs IeHtdcad to

f t 15 t t to the optical
the aﬂ AP e ACHVSP 9%&5%2%3&9% 155" o g et PonL

scr%@ a%diMD%%e 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 guide rails 32 is provided on

the support 31 along the direction perpendicular to the y-

.axis ball screw 26 and each of fhe 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
guide rails 32. The x-axis ball screws 33 respectively

éngage_with x-axis ball nuts (not shoWn) attached to the .
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21 face Ile of the terminal sectionila in the TFT
substrate 11 and an end face 12e of the CF substrate
12 of the display panel substrate 10. |Inmage data
captured by the CCD caneras 36 is supplied to an
i mage processing device 51 (see Figure 5 2) and then
IS subjected to predeterm ned i nage processing.
Epi-illum nating units 37 used when side edges at MD029
bot h sides of the displ ay-pasel substrate 10 are
respectively aligned wth respect to a region to be
captured 10 by the CCD caneras 36 with the optical
sliddgyy dfladies 6 - iOpluidalatdyegaminsr iy netochecb twrtsh 35 are
the optical axis of the CCD cameras 36 in vertica
regusmitiveil vareonecimgb dio Gndectli dihehlsooksl B ald evdiewy 33
along the vertical 15 direction are respectively
logatiett K¢ tan tt Heron ialgly diheoks  Fhe audhiadatswatemfmoving
t he connection blocks 38 is connected to one side of
SeIHAEAHCTsh S S IHef Ry ivsely 3wtatife Wied& 1ty bedrle screws 33
. distant than the other side of the other sliding block
in the foryard and qawekas ffeatdensy f Fharefmua. digy
idj um,nating 20 the end faces |ocated on the both L ‘
S LIGIRSs Parite 3 dHieayssamaecadiass dfa e ty ¥pasdsy g agtdons

o) Sk inel SN R o e
dir%%%g%% Bget%%r&% a&g%En%fe%%éf%E%Xis % ll%%rews 33 in

the forward and reverse directions.

The sliding blocks 34'pr0trude 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 respectively

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 |
qonsfitute the display panel substrate:IO 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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Each of the end-face illuminating units 39 is, for
exanpl e, made up of a linear |ight source extending
along the horizontal direction. In this enbodi nent,
each of the end-face illumnating units 39 is nade up
of alight 5 emtting diode (LED) array in which a
plurality of LEDs are arranged in a horizontal
direction. . Upper reflecting mrrors 41 for _ MD029
reflecting light emtted-fepmthe end-face
illumnating units 39 toward the 10 end faces | ocated
bel ow t he upper reflecting mrrors 41 are provided in
face rldg @f diioy ctatwirsdesasdgiem dila hie bididh Bl emibsdfrate 11
the di splay panel substrate 10 placed on the rotating
ang &5 et faaehnldg ahdheppdt swfdtartindgldriof dite 4tismlay
for exanple, respectively arranged at a di stance of
pPangdo ubrrnahel 5 G0 dnagn fdadm Rp et Ry dlies GGP gameras
vertical position of each of the CCD caneras 36. ]
36 dsvdunndriast thhimiimases prpgess ing |dasiqey 34 ditee Figure
emtted fromthe end-face illumnating units 39 toward
2) apd henedd syeleqtsdatoy PSR e AT PEOGSHF LRI -
mrrors 42 are provided in a regi on below the end
faces. Each of lower reflecting mrrors 42 is, for
exanpleE S ctive%% arran t ance_of ab

re ed,_at_a.dis out _,
S t Bb b EPHRE YIRS T B S L0 e5a YRl VST afeds
bothO8ikER" o8 152018100 s0RRICATRLAT 1L AR 3l VD029

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 opticdl axis of the

CCD cameras 36 in vertical position are arranged.

Connection blocks 38 extending along the vertical

-directiqn are respectively attached to the sliding blocks 34

such that one of the connection blocks 38 is connected to

one side of one of the sliding block 34, the side being more

distant than the ofher 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

_ :espectively provided at the lower ends of the connection'

blocks 38 so as to oppose the corresponding end face.
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a distance of about 5 mMmto 25 mMmfromthe top face of
the display panel substrate 10. The upper reflecting
mrrors 41 function to reflect 5 light emtted from
the end-face illum nating units 39 and thus '
illumnate the end faces of the display pane
substrate 10 | ocated bel ow the upper reflecting
mrrors 41. In the sane way, the lower reflecting MD029
- mrrors 42 function to ref2zct light emtted fromthe
-end-face illumnating units 10 39 and thus illum nate
the end faces of the display panel substrate 10
| ocat edEatbveft hhe| enérfaet | btlungnatingreniibs 3%¥ath, for
of the upper reflecting mrrors 41 has a length of 30

- examplgl.ompdehain d iendtiinedrdiligiti gieuneeaeybemdingd along

state shown in Figure 1. Each of the lower reflectin
themhorgzentzl) sligectionengtih ¢hir emhodliseg t.n@ach of the

inclination direction in an inclined state shown in
endrifgGee it lupdpat ingr vaditisn g Inilsr gladeotid iofg anddebd-43

for ratating_the upper reflecting m_orrors 41 around - -
emifi3ingofiiade GER e RrPEn gL HEHGHI ¥ ROSEGA t¥h e a EprapTe

panel., substrate 10 are respectively connected to one
arrafgess 18aéh lFﬁth&ngrngﬁpgcting mrrors 41. The

upper reflecting mrror rotating notors 43 rotate the

upper reflecting mrrors 41 by an angle of 10 to 40

With resReet L0 1di MY bAlol FEFEQR PR MN2% 1 G
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_lo 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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finely adjusting the direction of light reflection
fromeach of the upper reflecting mrrors-41. In the
same way, |lower reflecting mrror rotating 5 notors
44 for rotating the lower reflecting mrrors 42
around horizontal axes along the end faces of the
di spl ay panel substrate 10 are respectively connected
to one end of each of the lower reflecting mrrors MD029
42. The lower reflecting-n23ror rotating notors 44
rotate the lower 10 reflecting mrrors 42 by an angle
of 10 to 400 with respect to the vertical direction,
a disizofdenelfy adjuists mp tHee 25dimme ciniaom tdfe |ticghtface of the
reflection in each of the lower reflecting mrror 42.
disp3 apheansdersubsfinade A@-mrror rotating nmotors 43
respectively are slid horizontally along the x-axis by
upper reflecting mrror sliding cylinders 45 so that
the . positions of the upper reflecting mrror rotatin
not or s e capPee refles %ﬁB m%ﬁ¥%§$nﬁ efuRgieppep reflect
~reflecting mirror _slidin | i nders 45 can be
1igh& Pf“éiltle% 50 8d the pfe aPé’fI MiGatding FRits; §|9n@nd

and . l.owerin | inders 46 so that the _positions o
thug d 14KInats: [Ehet PRG RPFRST O .taaenghémaardé’ﬁglelwu@gﬁrate

S The u reflecting mrror i.si ng_an
10 R8eBHkHS nE e dbes BRBer Eoreraina By At Fadhed 40 The
samQDgg%, %ge 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 reflécting 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 respectively connected to one end of each of the upper

reflecting mirrors 41. The upper reflecting 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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sliding blocks 34 | ocated above the correspondi ng
upper reflecting mrrors 41. Therefore, each. of the
upper reflecting mrror raising and | owering
cylinders 46 vertically noves the correspondi ng upper
reflecting mrror 5 41 together with the correspondi ng
upper reflecting mrror sliding cylinder 45. The
| ower reflecting mrror rotating notors 44 are MD0O29
respectively slid horizontaghy-al ong the x-axis by
| ower 10 reflecting mrror sliding cylinders 47 so
that the positions of the |lower reflecting mrror -
finmedtyatadipantoitrgy sty diaredisg oradyfistaght R lesriniore , £1dwe each
| ower reflecting mrror sliding cylinders 47 can be
of et iupgldy mafletttynd avgrroxsf |4kt ing mrror raising
and | owering cylinders 48 so that the 15 positions of
the lower reflecting mrror sliding cylinders 47 can
be adjusted. The lower reflecting mrror--raising and
| over i nfciRendens Wly arbovespreefloetinatmirred rotakéng
connection bl ocks 38 respectively attached to the
motoxd e o MAhAHAS A eudiove B I efidre gtdde Mijnrans 42
illum nating the end 20 faces of the corresponding

axo als@Fes Z1ONE0 the IPhd GIRES PiertdRoddsplay
parfloBefing B eSS AR Ui 8 e ena or
ook TR ohal TS LU RS ATL Y, g v
ref&%bk&g%rmilro%Dg%%ating 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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26 Figure 2 is a block diagramof a control system of
the inspection apparatus 1 for inspecting an end face
of a -transparent substrate according to the present
invention. 5 Imge data captured by the CCD caneras 36
is input to the inmage processing unit 51 so that the
i mge data captured by the CCD caneras 36 is
subjected to inage processing in the inmge processi ngpo29
~unit 51. The output of the 2%mge processing unit 51 is
output to a control unit 52. The 10 control unit 52
respectively controls the DD notor 22, the  y-axis
slisdmgoridicak L84 tlheadd adovey dthemamtiasp eeiivenatpgres
35, the epi-illumnating units 37, the upper
refilegidtdetd myirotns dd .r otTdueined omst,orencl3 oft e mpmer
~ reflecting mrror rotating notors 44, the upper
refleftday wymmor aisiing @gdl 3 owgnimde oy l4hderise 46pper
reflecting mrror raising and |owering cylinders 46,
vertRealde mover &b KerFespendding upperc yefi@sitd ngy mizrer
the lL.ower reflecting mrror raising and |owering
41 together ¥dthodhen£orReFROrodRdappRedt F& Ll ey Migaor
structure _described above can sinultaneously inspect
slidipd E¥4iPdeE %Pocated at both sides of the display
- panel substrate 10. In the inspection apparatus 1 for
i nspecting an end face of a transparent substrate

accorc“fﬁétfﬁéggafgffgggiﬂé“ﬁﬁgféghro%éé%%g motors 44 are
respectively s1id horizontally along the x-axis by lower

reflecting mirror sliding cylinders 47 so that the pbsitions

of the lower reflecting mirror rotating motors 44 can be

-adjusted. Furthermore, the lower reflecting mirror sliding

“ecylinders 47 can be vertically moved by lower reflecting

mirror raising and lowering cylinders 48 so that the
positions of the lower reflécting mirror sliding cylinders
47 can be adjusted. The lower reflecting mirror raising and
lowering chinders 48 are respectively attached to the
connection blocks 38_respectively attached to the end-face
illuminéting units 39 for respgctively iliuminating the end
féces of the cor;esponding display panel subsfrate 10 with

light. Therefore, each of the lower reflecting mirror

.. raising and lowering cylinders 48 verticaily moves the

corresponding lower reflecting mirror 42 together with the

"corresponding_lowep-reflecting mirror sliding cylinder 47.
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27 ‘first, the target display panel substrate 10 to be
inspected is placed on the rotating table 21. The
di spl ay panel substrate 10 placed on the rotating
table 21 is fixed on the rotating table 21 by vacuum
hol ding in a horizontal position 5 so that the outer
peri phery of the placed display panel substrate 10 is
protruded out of the circunference of the rotating MD029
tabl e 21. Wen the display béinel substrate 10 is fixed
on the 10 rotating table 21, then the control unit 52
~controls the y- axis servonotor 28 and the DD notor 22
to adjust the position of the rotating table 21. The
rotating table 21 is adjusted so that a pair of
cor ner sFbgurae2f ixed Wlepkagiapuawl ofupsepptroiosystem of
| ocated within the imaging regions of 15 the CCD
thec dmsPes HBerm Rpranatasy dt Fohgnsaseting am end fagmaf 2
the control unit 52 turns on the epi-illumnating:
tragspegent S YnaHen AcsomdnGd@ e aFieseRt dfyaeon-
surroundi ngs bel ow the correspondi ng CCD caner as 36ﬁ§%
r

Tmager ARy IFEP TGk DFaih oot OPh & B B0 dindreWagtl
PSRRI 10 AR 48l B Bpcaren v
eyt RIS BLESERSHB e GHREE S NG R e
1mad8l bratesklaCARL§OE1UN hna2 AHNES S8 n¥PI72 ge
processing unit 51 is output to a control unit 52. The
control unit 52 respectively controls the DD motor 22, the

y-aﬁis 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

 _1owering chinders 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 inspection apparatus 1 for inspecting an end face of a

transparent substrate'according to the present invention,
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28 optical system noving servonotors 35 provided

above the support 31, the y-axis servonotor 28 and

the DD notor 22 to adjust the position of the

rotating table 21 so that the pair of corners of the

di spl ay panel substrate 10 fixed on 5 the rotating

tabl e .21 respectively match the centers of the

i magi ng regions of the CCD caneras 36. Wien the pair MD029

of corners of the display-panel substrate 10

respectively match the centers of the imging 10

regi ons of the CCD caneras 36, then the end-face
fingdd,utiheatiangainidis@3@y meegialdubsitideehdd ttw thee inspected

sliding blocks 34 with the connection bl ocks 38
is pHacsidetomedite modpddmiovdlaplepPdse (e alidoflacgepagielt he

di spl ay panel substrate 10 fixed on the rotating
subsiglage2 10 p3-aoed Ions theatretatiiadg deodsl 2lniis FAx$hG was the

the y- axis servonotor 28 to cause the rotating table
rotatiggpfettiengdl Pie VacIMafoddian dapst herdzpoted peedtion

al ong the y-axis and durln%thls novi ng, the

So §H8tf§P€ PPW&EiP&F“ﬁ&eﬁﬁ"P§ eaPéaEGdlﬁﬂép%Pﬁt@ﬁﬂg}
n at rmned intervals. Wiile th
s‘“’é% E’gﬁc ||1|SuE’FHg &duﬁuug °%9 thfe C&E"“E“I#@r%e obf the
nd faces at both sides of the display

r°t6§ﬁ8ﬁ % g fe 10 is inspected based on the inages
captured by the CCD caneras 36

Wwhen the display panel 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 to 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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| lma&ﬁﬁ‘gr TePH RS Otn

MDO29 29 As shown in Figure 13, the inspection
apparatus 1 for inspecting an end face of a
transparent substrate according to the present
i nvention can sinultaneously 5 inspect both the end
face Ile adjacent to the termnal section Ila of the
TFT substrate 11 .and the end face 12e of the CF
substrate 12 in the display panel substrate 10 and MD029
both the other end face of t&e-TFT substrate 11 and
the other end face of the CF substrate 12 at a side
edge 10 opposite to another side end of the display
optjaadl syt aterink) sehwromdive st @Snipaalvigieat iakovd dhes
provided. In this case, based on the inmage data
suppepttuddd hhe thexdED seamonmed 36 28 kade diter G0 meittor522 to
controls the upper 15 reflecting mrror raising and
ad jusite rihey poEiitigay o4 dhee gipdatiing altliea@ledo dhdie the
- sliding blocks 34 and the upper reflecting mrror
Pal§l o FETERTISn @ $hes diepdact PasIe) subgirade 19 tHaed on

per reflecting mrror raising and | owering

the m’tﬁ&éﬁg k606 2dj GEFPERE ey BAtHoLPE GRnifES RE the

Q _position in th axi s direction of each of the
§%ﬁ|FF8r§a$fr§ﬁd3@he upper reflecting
mrror rotating notors 43 is respectively rotated on
a horizontal axis along the y-axis direction to
adj ust ight reflection. -Therefore,
gvm%ene?nélief ggdéjf rom tcféafrga}s og tehe é)lspl& ;?&fméf

the [i

_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 fhe connection'blocks 38 thefebetween

respectively oppose the end faces of the display panel

substrate 10 fixed on the rotating téble 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 sides of the display panel

substrate 10 is inspected based on the images captured by

the CCD cameras 36.
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MD029 - 30 end-face illumnating units 39 and

reflected fromthe upper reflecting mrrors 41 is

respectively illum nated on the imaging region of the

CCD caneras 36 including the end faces and their

vicinity at both sides of the display substrate 10. 5

Mor-eover, based on the inage data captured by the CCD

caneras 36, the control unit 52 drives the |ower MD029

reflecting mrror raising-amngl Lowering cylinders 48

and the lower reflecting mrror sliding cylinders 47,

which are 10 respectively attached to the sliding

bl ocks 34 with the connection bl ocks 38 therebetween

to adjust to the vertical position and the position

of the ¥saghewni iecFigurefl2acthefinsbectbomrapparatus 1

reflecting mrrors 42 and the |ower reflecting mrror
forr dinspiaty imgt @rs el ifadeesfe @ itveing pagteatte s udrs tyralte

hori zontal axis along the y-axis direction to adj ust

. acooydling rtectthen pafesieinghtinventdon ean Riaudftangousiy

light enmitted fromthe end-face illumnating units 39
inspeet Eotécttde Prdmfacse Newadirerndcitiondhe tegrenad | s

respectlv illum nated on the imaging r on of the
e die 2f 36 THT GHRG NG 020 To 400 S0%s SRk Hogd) A2e of

Vi_ci ni at _both sides of th di spl a S bstrate 0.
ey, SubbitTore e andLPecAIRPIGH BRREl SHIRSLs 10 an

both the other end face of the TFT substrate 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, baéed on the image data captured by

-thé CCb cameras 36, the control unit 52 controls the upper

reflecting_mirror raising and lowering cylinders 46

fespectively attached to the sliding blocks 34 and the upper

'-reflécting mirror sliding cylinders 45 respectively attached
_ fo the upper reflecting mirror raising and lowering
"cylinders 46 to adjust the vertical position and the

Vpositionlin 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 f£rom the
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respectively is turned on, light emtted fromeach of
the MD029 - 31 end-face illumnating units 39 and
refl ected fromeach of the correspondi ng | ower
reflecting mirrors 42 is respectively illumnated
on=each end face of ‘the display panel substrate 10.
Then, the light reflected fromeach of 5 the end faces

is captured by the correspondi ng CCD caneras 36. MDO0O29
Light that is respectively 3®f4ected fromeach of the
- upper reflecting mrrors 41 is illum nated on-each of

the end faces of the display panel substrate 10 and
end-face tild uniinghtine furddise @9 aavdh eadil-eoft eithd nom thec apper
is captured by 10 the correspondi ng CCD caneras 36.
refilgctinghmirivers 41 dfsl aespectinelyhd dmpdnatesk joac gy
mrrors 41 and the |lower reflecting mrrors 42 and
imagiay regiem eft ddef COR caswres Bfe lasdudass the epe fgces
di spl ay panel substrate 10, if no defect, such as a

- andcihedith ¢ 1cind i eertotih SiReemf ke sdbFPLRE HreprEgte 10.

panel substrate 10, the intensity of |ight received
by the CCD caneras 36 is constant. However, if a

e ect Susthae S ehLPLI%d S RLESRte DG Sl cno
Cenf BPREERroR o1 TPRgREAA SN st 82 TReP EPort ol ROVRE case
refwg%@ikgenﬁg&%EnQBiggﬁgi%ﬂdpﬁohg%ing cylinders 48 and the
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
fhe lower reflécting mirrors 42 and the lower reflecting
mirfor rotating motors 44 is fespectively rotated oh 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
fhé lower reflecting mirrors 41 is respectively_illuminated'
on the'imaging region §f 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

respectiveiy is turned on, light emitted from each of the
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di spl ay panel substrate 10 is inspected, the inmaging
region r MD029 - 32 of each of the CCD caneras 36
i ncludes both the end face Ile adjacent to the '
term nal section ila of the TFT substrate 11 and the
end face | 2e adjacent to the termnal section Ila of
the CF substrate in the display panel substrate 10 and
i mage 5 processing to be perfornmed by the inmage MDO029
processing unit 51 can be 3W tched dependi ng on
whet her to choose between the case in which both the
end face Ile and the end face 12e are detected and
end-f@gssiel humigd einonmids t3fe amtl feftedled dinpm teschernf
face 12e is detected. 10 Figures 3 and 4 are a
the | SUIREROHIW Pwehmeddafteing srinnanfe 4% deessi ng
perforned by the inmage proceSS|ng unit 51. Since
resnfgge st e%%%qﬁjﬁﬁtq4nﬁﬂﬁﬁﬁﬁhn Fage afe ¥ Herlab

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

pa “fsl Y tAhad 036, TR i e PrBteSEHEHPDofe Bt aark of

nmeras 36 | descri bed below. In the flowharts
theofenfgl Jat?rceesg 1% S5 Zﬂr%dn%’e eng"’sfd'teﬁpéﬁ‘ {40 cameras

dj h f h
6-SuAEPR SRR D SRR RERY ale medbRsRe €3 ol B e
upp%%ctzje% IcJt?ng m&%grogé ilibit r Z?L u]tan%g cin otnh %a%' %lﬁxzhe

panel set vance

- 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 upber
reflecting mirrcors 41 and the lowef reflecting mirrors 42
and then is reflected from each of the end faces of the
dispiay panel substrate 10, if no defecf, 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

--displayrpanel'sUbstrate 10 is inspected, the imaging region
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Pr Oé’Féé lnl?a\F

this case, two inmage processing regions A
corresponding to the end faces are set as the inmaging
region to be captured by the one CCD canera 36 (step
Si). MD029 33 Figure 5 shows one exanple of an image
captured by the CCD canera 36 in this case. Wen the
end face Ile and the end face 12e adjacent. to the
term nal section 1la of the TFT substrate 11 in the MD029
di spl ay panel substrate 10 Zke-5 respectively
illTumnated with light reflected fromthe upper
reflecting mrror 41 and the lower reflecting mrror
of £zdy oft ihe KD lremers &fe dindlmdesatbiotd dhiet €3¢ diace 1le
if no defect, such as a chipping, is present in the
adjagertade mh@ deaminal @e¢tigge 112 oft b TR substrate 11
refl ected fromeach of the end face 10 Ile and the end
ang e prél ifaceagider @@Jwﬂeﬁﬁe tocheabermizgl wech ign 1la of
constant intensity. area having the end face Ile
the, £F syibsdmade &Hdtgefﬂ%éﬂ”ﬁﬂhﬁﬁq subsirags lfpged image

proce33|n &eglon Al along the end face Il e, .and an

o REFERATRAC BY1 Shead hROS CERCESARE HRLT 51
t
cang P g 6 B FRRBOIE o) ROPRECELR8 HER>0nbesheEhe che
f | d 12 t
casfdn 8fish PatPosheopiornonarschaty she. SiCrary 128 ove

det%%%?ﬁgq8ﬁtt 8tga§bdﬁﬁ & 1EEeoBgrgEn%h %gds%gk'oalalgnd

I'spl'ay pane Strate 1
the end face 12e is detected.

Figures 3 and 4 are a flowchart showing a procedure
for image processing performed by the image processing unit
b1l. 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 is described below. In the flowcharts of Figures

'3 and 4, inspecting both an end face adjacent to the
. terminal section 1la of the TFT substrate 11 and an end face
‘adjacentxto_the terminal section 1la 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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correspondi ng one of the inmage processing regions Al

and A2 is set. Hereinafter, such a set inmage

processing region is referred to as the inage

processing region A. MD029 34 \WWen the inmage

processing region Ais set, as shown in Figure 6(a),

pi xel s that receive light whose intensity has a

predeternined | evel or above within the set inage MD029

processing region A are ext3acted, and the total -

nunmber of 5 extracted pixels is.counted (step S2). In

ot her words, the inage density of each pixel

const i tEigure | regfeodat ane agixampte of amhelIGEIE ceaRtared by

is determ ned, pixels having a predeterm ned density
thep CORpicamgre 36t Aactidds @aget-he Whemalthengmge fase 1le and

extracted pixels is counted. In Figure 6(a), the 10
thepiepdl §acrail 2ec@diipeamityo Whes doirpiasdi spatdonp 11a of the

Tgredeternined level or nmore are filled.in wth bl ack.
TFTTRabgtraket tdn 18f the ¢diselagc @phedg Subghralisodd are

intensit a predeternne '

) ¥ i.S ) rined. |level or nore js
respegiived e&%ﬂy‘mltlﬁlﬁ%e@hé’l&ﬁd-lﬁ&&% FPFESrﬁPg&Pi ﬁ§°|ﬂ]‘nitP%§‘PPer
' [ 1, . . 15 ;
resgpoihgl BiFkEn Hingorl SHE MHGES=FhLBRLRY Petgol 14 by

turBif e‘cﬁ%meﬂﬁgf'a%%e'&ﬁhm%%%gggf ﬂbﬁgﬁﬁ?hg'&x}r{agﬁ% 4oy defect,

pro e_SSI ng region I'S coun _ _
such®g d?”éh%ﬁgggggaﬁg Bgeggﬁtpﬁﬁekﬁehgﬁhn%a@e 1le and the
predeterm ,
end face 1l2e, the light reflected from each of the end face
lle and the end face 12e 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 1lle, and an area

having the end face 12e as its center and a fixed width is

set as an image processing region A2 along the end face 12e.

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 1lle and 12e located at both sides of the terminal

section lla in the display panel substrate 10, the

‘corresponding one of the image processing regions Al and A2

is set. Hereinafter, such a set image processing region is

referred to as the image processing region A.
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20 density or nore are identified (step S3). Wen the
x and y coordinates of each pixel having a :
predeterm ned density or nore are identified, then
the nunber of pixels with a predeterm ned density or
nore within the image processing region A along the
y-axis is counted for each x coordi nate MD029 35
based on the identified x and y coordi nates having a MP029
predeterm ned density or ADB&(step S4). Then, based on
the results of the counting, a histogramis created,
as shown in Figure 6(b). 5 Wen the histogramis
cr eat edWhent hhe dmggeaprenesningnreggoned7ig) sehn &s shown
coordinate for the highest nunber of pixels with a

in griegmeerdfiaded Ristssia thart maaeivieodgidiie whesg sintensity
determ ned, the nunber of pixels with a predeterm ned

has| @ peiabpringst clqiele QRLARANA MFIABED AR §H% ATt
the x coordinate is nultiplied by a preset ratio

PrQeespingoRgiomd atfk sHEinReted s@nddhe it gigpber of

nunmber_ of pixels (0.6n (step SH).. Then, .as sho in
extmagihag BogPLo S BT SRt i ¢ [Ty RS (YRS the

P Bl S0 2 I, e Y Bt

by %)l('xter %e%a%nsirea{z 3%6)3'_'5 Id% @rgnlirn%dlg,( @fﬁ,altsatnl‘g%f%{y, eatehe

|"6Cati0ons coordi nat es,

'pré&@y@?hined 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 is a predetermined
level or more are filled in with black. The extraction of
pixels receiving light whose intensity ié 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 of the pixels having a predetermined

density or more are identified (step 83). 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



10

15

20

of pixels wth a predeterm ned density or nore is

| arger than the threshold nunber of pixels. 20 Wen

the x coordinates at which the nunber of pixels with

a predeterm ned density or nore is larger than the

threshol d nunber of pixels are extracted in this way,

t he absolute value of the difference (nl-n2) between

the MD029 36 nunber ni, of pixels with a MDO29

predeterm ned density or no3® at each of the :

extracted x coordi nates and the nunber n2, of pixels

at an adjacent x coordinate (X-1) is calculated (see
basgidepnSthien ideguirid i4)d xamad wo oocaubimdi et dsxvdinana ch

the 5 calcul ated difference of the nunbers of pixels
prede fegmdaed demsittive aat more (stepeBidlact dhenl,n baisgdr on the

7(b), 100 and 110 are extracted as x coordi nates
respditep ofg)theTivonntdaeh & hiltogram d& erertedor gisngheyn in

. is set _as a candidate for the coordinates at which an

Figugg £48d to be targeted for 10 inspection is located.

Then, the distance between the two x-coordinates,

whi ch are considered as the candidates for the

| ocat i of the end face, js calculited. T

proces AHP ds i bRP BN 1 SRRt "F#Sel‘%ay' as shown
tn PEGLEETR g on ot S PBgER IR Redorni e Are Snton et o2
pixels with a predetermined 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. S5). Then, as shown in Figure 7(b), an x coordinate
exhibiting that the number of pixe;s with a_predeterminéd
density or more is larger than the fhreshold number of
pixels is extracted (step S6). 1In Figure 7(b), at the three
locations for x coordinétes, 100, 101, and 110, the number -
6f‘pixeis With & 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 meore is larger than

the threshold number of pixels are extracted in this way,

the absolute value of the diffe;ence-(nl—nZ) between the
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coordi nat es consi dered as the candi dates for the end
face to be targeted for inspection and the distance
between the two x coordi nates consi dered as the

candi dates are sequentially 20 cal cul ated every tine

the end-face illumnating unit 39 is turned on, then
the results of the calculation are respectively
conpared with each sequentially obtained average: MDO29

val ues (noving average vatugs)-(step 89). MD029 37
If the x coordinates considered as the candidates for
the end face to be targeted for inspection and the
numiiest adoe e biaed st W thwe pPresetdimmined densiider o gwre at
the candidates are respectively within a preset range
each o FheegFadacted e aordgades a9 FReuadmbed OFe ©oF
. difference between a cal cul ated x coqordi nate
Dixgdisiafefdd 24Jacket &af@odsidstrod (e difd crdcalasege (see
targeted for inspected and the inmrediately previously

step, Pyt Ed9Nreodr di ARAe TV FsiCROrddnad esh &t ¥hdichatEs
is.j eset when th 10 two . d,

catphg gl BT RS, MR B P Lo

chaf BTtk O0 8 P, "o AT LRSS YRy L9 110

areC89E-dRLEH 9? EN8oERRTHAIEES (<1R,f 8B a.t.he-rﬁ%ﬂ,f %%%ht 3f the
g or P §The > di'st an ween

be targeted I nspection a ce’'be

extHAB WO X c682ETHAREES 1608808k BankiBate for the

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 sequéntially

"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 8§9).
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candi dates are not within the preset range wth
respect to the noving average values, it is
determined that a defect, such as a chipping, has
occurred in the end face and its ‘20 effect is present
in an imge. Therefore, the obtained x coordinates
are not enployed as the location of the end face, and
a defect inspection is perfornmed using the nean val ueMD029
of the x coordinates that 3ave al ready been obtai ned
or the location of the end face determned at the
previ ous MD029 38 inspection. Wen the x
coor di nbf ethare coendifates arenshdereédent i thedcandidates
coordi nates are determned to represent the 5 | ocation
forofthteh@nénéak:@céq debd argredede & ofro i nispesddrono@nidn theni s
- way, then a defect inspection is perfornmed. In this
dlﬂ§§9§e ReTyREAN the Weu ke coorddnagdesnpioasigemed aspdde
to the set end face, first, a defect inspection
canddgadfsi §r§eFeSPFFEj&V@1§ FHGRA DL Re DRSS A apgiec Withe
end face |l e adjacent 10 to the ternmi_nal section |la

reSQPGFhEOTﬁ?esGB PPgtQvffagﬁdvﬁﬂgeseﬁ&df§éé A2 Lo ePRE
ubst 1 n the splay panel bstrate 10
GRyared e

betﬁF&“bStﬁ o FoPHh: 88F|0ﬁ°nﬁﬁd?ﬁ| &8s

canfagEhs IQ8E§%§}E8%BEE%%‘%%S tcbb0r ¢ HE T84 TeRaipgBESTed and
thelgmMedlately previously calculated x coordinate
considered as the candidates is in a preset range when these
two are compared, the obtained x coordinateé 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 énd.the
distance between the two x coordinates considered as the
candidates are not within the preset range with respect to
fhe mqving average values, it is.determinéd 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-thé previous
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The defect inspection region D1 set outside the end
face lie of the TFT substrate ii is set in order to
detect a convex defect portion protruding fromthe
~end face Ile of the TFT substrate 11. The defect
I nspection region D2 set 20 inside the end face Ile of
the TFT substrate 11 is set in order to detect a
‘concave defect portion for the end face Ile of the MD02%
TFT substrate ii. Simlarty3gthe defect inspection
region D3 set outside the end face 12e of the CF
substrate 12 is set in order to detect a convex defect
inde@dor39 portion protruding fromthe end face 12e of
the CF substrate 12. The defect inspection region D4
set inside the end face 12e of the CF substrate 12 is
set in order to detect a concave defect portion for
t he endieRethoex ofoerdimrtes avpsidentiiped prdethe
def ect |nspect|on regions are not limted to the
ld@@&ﬂﬁ#@@r CORTOdSFEEs Paey dedermigede e CepFeFeadt dhe
i ons at bot h si des of each of the end faces. For

iOCngm 8f thei endndpeet ithy P8 EoxESFEdddracingoratd 4n
t th wh th d fa
thif) yagy C??%%%ng%ssﬁ &Pé%e%%lgg' dsnpseaimeg. 1o this

hant he .. def
casErRELProNs dfh SROLZS Rei A RESERIrald o EoBPoFife t0 the

set:ggnggékﬁ kg it, BURLREL ‘EDESSPQ%E?LSB LAFASE! 18" 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 1l2e of the CF substrate 12, in the display panel

- substrate 10 are both targeted for inspection. In this case,

defect inspection regions D1 to D4 are set respectively

along both sides of the set end faces.

The  defect inépection region D1 set outside the end

| face 11e Qf 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

'ile_of.the TFT substrate 11. Similarly, the defect
'1nspectlon reglon D3 set outside the end face l2e of the CF

f-substrate 12 is set in order to detect a convex defect
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15 are not linmted to the configuration respectively
setting defect inspection regions at both sides of
each of the end faces and one defect inspection
regi on for each end face may be set so that the end
face is located in the center of the defect
i nspection region. 20 Wen the defect inspection
regions are set in this way, then a defect inspectiohD029
processing for each end facgg +s perforned. Figure 9
is a flowmhart showi ng a procedure for the defect
inspection. In this defect inspecting MD029 40
pPoxfrigue Pyiafguding yErdmetlea@nde ithdeade?e |dflnihrathgubtrate
39 is turned on at predetermned intervals, it is
12 i ndhec dafeaiheinmretian maaiarh 4 et dlrsigle désiand face
(referred to as |land portion) is present in the set
12¢jofedtre Epatthisdirate d@ difs sethdm gusienvier \ladeaicta
i nspection region, the total nunber of |and portions,
conRe, AsFegt BN ot d Porttico R dRwa HEamba A \GH e

' and the_m ni nrum val ue of the x coordi nates and the
SuB AR mbPy

| ue and the mininmumvalue of the y
coordi nates in each I and portion are cal cul ated (see
10 step S31 in Figure 9, and the sane applies to

bel ow) . hi e en.a land portion whose. are
'n Cendiidhs A8 F8E g fo ERo PO i 1E nhfihEfea co
thepﬁgﬁ%ﬁguration 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 1le of the TFT substrate

11 is.subjécted to chamfering, it is unnecessary to set the

defect inspection region D2 inside the 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 perfbrmed;. Figure 9 is a flowchart showing a procedure

for the défectlinspection. In this defect inspecting
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threshold, the land portion is not identified as a

target 15 land portion. Therefore, such a small |and
portion is determned not to be targeted for the
subsequent processing (step S32). In the case in

which a [and portion having a 20 predeterm ned size

or nore is present in each defect- inspection region

(step S33), when the presence of the land portion is MD029
detected in each defect isnsp@ction region, then the

di stance between the |l and portion and the end face is
calcul ated (step S34). Figures 10(a) to (c) show the

- PTAvRGEONg,] evegattilomaleadd amdifevepsi atnigert e wrid 39 is

face Ile of the TFT substrate ii and |and portions L
turise e @t (predle teafbared iimdpetalen ddyiiensinBipested?

| ocated at the both sides of the end face Ile. As
whediheiah atn IMlgnde that hies celhdigho dsmisd ty Harekesrechd cems

face Il e and each land portion L is calcul ated based
lang pogd e AFmPFSSERtad® e meh deifee tofinspeetion

coordinates in the |land portion and the x coordlnate

regaPntShe dRE™-a k@™ FYCTH) IETGite s NEBES) 18] TEFCOR s AR

e _ca n the  x coordinate of the end. face
._t°tr31 e THDE d’célfmgab’g{ RG0S - AR Sheearly tard P°rtl°nf

I d h
and s Rl AR oo 1608, FER MM EhEn. z8dorn ot o *

coordinates and the maximum value and the minimum value of

- the ¥ coordinates in each land portion are calculated (see

step S31 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. Therefore, such a small land portion is

fdétermined not to be targeted for the subsequent processing

-(step.S32).

In the case in which a land portion having a
predetermined size or more is present in each defect-

inspection region (step S$33), 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).. Figurés lb(a) to (o) show the
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bot h the maxi num val ue and the m ni num val ue of the x

15 coordinates in the land portion L are larger than

the x coordinate of the end face Ile. In each case,

the distance LA between the maxi num val ue of the x

coordinates in the land portion L and the end face

Ile and the distance LB between the m ni nrum val ue of

the x coordinates in the land 20 portion L and the enMD029

face Ile are cal cul ated. Iheh,-the |ocation of the

| and portion L with respect to the end face Ile is

identified fromeach cal cul ated di stance LA and LB
locatdangd melationstiiips hettweem tihe encbhdiatiendtle off tihe TFT

end face Ileand the maxi num val ue and m ni num val ue
subsitnaie X Iveorb lapdl pegdridinsatedlateatied [iandhsodeimet
._Wen the |ocational relationships between each |and
inspeatiion Hgicme d ange PZadecedas iat dde poth $iges of

then 5 the type of each defect, i.e., a concave defect -
thepengd £gred Leget &6t Shoym danfiigugd® A8 &heh ned@fionship

orti% based on the defect inspection regign.in

- c A ak@SForltPo s e defed POEH PReMdSe, t he

size of each defe is _identified based.on the area
calZpiaren PRgador 85, PaRdTEe VEd U fO BROATIE,SAIEe Of

def I, anpu of, _protrusi.on of _a,.convex def.ect
the's ELbeliphlBep T8 hsn 1pR0° BRET R, Spat kBn ¥ B tiBie
of RAE!EAR 2Ade! Bgeend face (step S35).

Figures 10(&) and 10(c) show the case in which the
x coordinate of the end face lle 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 td'the end face

lle is identified 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_value of the x
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Thereafter, based on the type, the size, and the 15
- depth or the anount of protrusion of the existing
defect, it is determ ned whether the defect is within
an allowable range, i.e., whether the detected defect
is allowable by conparing the size preset for the
type of the defect with the depth or the anount of
protrusion (step S36). |f the 20 existing defect is MD029
not within the allowable ra#2e; the target display
panel substrate 10 to be inspected is determned to
be a defective product (step S37). If the existing
coogutiggteiss i tilien Jangd aldmiviatst &:.r ange, the target
di spl ay panel substrate 10 to be inspected is
determined to MD029 43 be a quality product (step
S38). Wien the inspection for the pair of end faces
cor r espHReR nEfe ol est bRl BelakborsRipabetifeen each land
substrate 10 5 is conpleted in this way, then the
POI‘F&P& PRE 461 &1 Tareniten 1068 tdifdpay Ppahdr ¥ddst thea
th % placedhagg fixed,is noved in order. to return to
© h&PEt 8t PRG TeCdn dng-irs® COPSPEE ByT66TarduRd CERISX.

defﬁ?gng%L'l§n§6%é86b28§d88ﬁhdgFE% poitdpR]BagRa Grotne
def%E% ih eEElbﬁengﬁBhaX DQB chS%Q%hrﬁgggégg gn is

erea I nspecti on palr o

.detgeEEﬁ§poﬁgE@ﬂeLﬁoEQ? LRERLRLR0,FR 8hd88 £RE L BE
I splay :

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 protrusiqn (step 536); If'the
- existing defect is not within the allowable rahge, the

- target display panel substrate 10 to be inspected is

determined to be a defective product (step 8§37). If the

_ existing defect is within the allowable range, the target

'displéy panel substrate 10 to be inspected is determined to
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panel substrate 10 is performed by the sanme inspection
nmet hod as that descri bed above. 15 For the inspection
for end faces corresponding to the four sides of th
di spl ay panel  substrate 10, two inspection :
apparatuses may be used in order to reduce the tine
requi red for inspection instead of using one '
i nspection 20 apparatus for inspecting an end face ofMD02S
a transparent substrate -ac£®r€ding to the present
i nvention as described above. Illum nating the end
faces with a light emtted MD029 44 fromthe

be gpiquallithy matodgaini(tst®p $&i8)g t urned on
dintermttently while the end-face illumnating unit
39, which is turned on at predeterm ned intervals
during inspection of end faces, is off as shown in
Fi gur e When Sthet tRepeqit tep | FoBnthe PRI 19k ¢rd | ErEes
light with the CCD canera 36, and performng an

COTRSPORGIDT ftor THRe SAE S 8fedhEr ISR Ay RABFAr Sppstrate 10

. subsgrat hy the sanme nethod as the image Locessi ng
15 SOPRIGLEEs BOISaBEVe thEPeiDe FREAPHCLRIIE gd oF

digh il.l um_nat ed t f f .the displ ay .
wnighOhe, grened: popelTAPDS AR, 40 LRePABEE ol top txed s
movgﬁtgﬁtbgﬁegBE%CE tP%ﬁC%Br%gel%t%g%iggdpggg%gogfahgeis

I'spl’ay “panel "substrat €,
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.

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 énd'face.of a transparent
substrate according to the present invéntion as described - .

above.

Illuminating the end faces with a light emitted
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such as a chipping, a hollow, and the like. For the
i nspection for end faces of the display 15 pane
substrate 10, due to the reason that defects that are
easy to be detected by the epi-illumnatng unit 37 are
different fromthose by the end-face illumnnating unit"
39 and that defects occurring vary dependi ng on the
material used in the glass substrate, an inspection MD029
that uses both 20 the epi-~i Bburi natng unit 37 and the
end-face illumnating wunit 39 or an inspection that
uses one of the epi- illumnatng unit 37 and the
frommdEieacepi i uininiata iy umit 337 weindetwoiattad. MD029
45 Since the contrast of inmages obtained by

Antqrmid et by wiiel eeridh e el ofacs ol hwpingt panainit 39,

substrate 10 with the light emtted fromthe end-face
whiqh #fi dgtanRfl o at Joredeteraninpdrigeastvalmtdwiingmges
. obtaLned6§¥ illumnating 5 the end face of the display
inspardiiay ik etk TAFSA + s REL 1agmham dred Yawin tHe
epi-illumnatng unit 37, the image rocessin
de A8 gEnsty 99 e ReHE g}t With the CCD
different fromeach other. 10 Furthernore, .in general,
canga, 36.n @k PUEAIERS 5 LREPSGISN 407 theafhd faces of
S rat is.filled wt liquid crystals, ,each
thed (RSB Felt R ortral oY, fporspe’ methSd el 52 Inage
processing method described above increase the directions of

lights 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.



10

15

20

substrate 11 and the CF substrate 12 is, for exanple,
subjected to chanfering by wet grinding with grind
stones or 15 illum nating each edge of the end faces
with a laser beam . In particular, in the case in
whi ch the short link described above is renoved and
the edge of the term nal section 1la is subjected to
chanfering, it is necessary to check whether the edg®D029
is reliably subjected to ehapfering by a 20 -
predet erm ned anount in order to fully renmove -the
short link and to increase the strength of each edge.
Fi gure S2nce thechenttastdpfigimayshovbhgibéé by
structure of an optical systemof the inspection
illapparadting N2 @ndU&adeprofi ndpectiiapd aan peme i audbhofrate 10
transparent substrate for inspecting the anmount of
w1 th diffee e tafemdrt teuk ey bt enive fagied ifldeenigfatiing unit
dlsplay panel substrate 10 is subjected to
éﬁarﬁb@r iiAyense pifgihati »F timacgs obtadmedafivhg dvwminating
upper reflecting mrrors, the lower reflecting
th%%nrﬂorf@cet RE thei ELeplayc Panedmsubs tagites diongitke the
nd the gle of _.each of the upper
P emittag PO thea e i Wi tose frdd: iy i dnese

d f Fi
pro¥e8 sdfiol bE D ehiTen, Eorobpal td dm et A on s G ?ﬁaﬁhﬁy
dlf%Q§gB rf@%m each other.

Furthermore, in general, after the gap between the
TFT substrate 11 and the C? substrate 12 is filled with
ligquid crystals, each edge of the end faces of the TFT
substrate 11 and the CF substrate 12 ié, for example,
subjected to chamfering by wet grinding with grind stones or
illuminating eagh edge of the end faces with a ;asér beam.
In particular, in the case in which the short link described

above is removed and the edge of the terminal section lla is

. subjected to chamfering, it is necessary to check whether
the'edge is reliably subjécted 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
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using this inspection apparatus, an end face of the
bonded glass substrate 10A is illumnated with a
light emitted from an end-face illum nating unit 39A
an i mge of the end face 15 is captured by an upper
CCD canera 36A and the |ower CCD canera 36B, and it
i s checked whet her the anobunt of chanfering for which
the inspection is perforned by the sanme i mage MD029
processi ng nethod as that-déscri bed above is : :
appropriate. 20 As such, in the inspection apparatus
for inspecting an end face of a transparent substrate
formdemntiatd nd anhend fesentod @y dansparsinic s vdsdiradieddor
edge to be targeted for inspection the display pane
inspgiediing dhe0 agloandd ofn chamfendr@ aftern sagh wgigealsife the
21 is respectively protruded into a side of the
end fegs of ks dizplavd pemel isys tagter d@ fisopudaiEeted to
the end-face illumnating units 39 is reflected from
chagfefigg t hdn Fda&Eer éﬁ-e@%%&%‘ﬁmlwt&n&/i“@éd:s' the
beIOM/hhe dbgpla¥ anel 5 substrate 10 tq illum nate
UPPEZC FeENGR4LE BI-TERESdi dPCay O¥FAn &P dGEItRg 8GO Eacihe
face,of .t he _di spl.ay panel substnﬁte 10 i.s

.end .
ar 15RO, B IPRIE ASreBOMrEh 29 (tft POSLhiEraR e Grote
or $5H 8pCLACRB0Y Lot adage s 18,8 SR 0L P! Y

anel “subs n
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

‘appropriate.

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

light is captured by each of the CCD caneras 36
provi ded 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
caneras 36, the defects can be detected 15 precisely

and reliably. Furthernore, the type, the |ocation,
the size and the |ike of each defect can be detected. MDO29
For exanple, in a case with4a sethod where an end
face is illumnated with Iight and defects are
det ected 20 based on an i nage pattern of the end face,
rohaid ngrd@d isat2lers mesparitived st @oodanide & dadgniaz ed dendf
thus the defects nmay not be correctly detected due to
the petetdsehdabde 2le angy rihealliahdc gt teida fajme@nh of the
each end face of the display panel substrate 10
endi-fiage ddtldmigating ungfs. 3% icomefdected o eauipef the
48  the inspection apparatus for inspecting an end
lowex. redilegting Adrzeas: 42y providedabedow fye dispday panel

present _i nventign  does not _cause this problem, 5
subgErates 10, 6 LLHEMAGLPasETHY A FACen§tuiies Herleg:
respectively illumnating the each end face of the

pangiLBRRSt5RNEl 10unSePh: 800 TRCen Of JRE AdEplay panel
[ 1 tt.eatl d. t.he,variations.i.n.intensity
SUbé?EEEgL?bwﬁ%h¥ﬁﬁﬁghﬂ$e%gﬁugﬁaaFg ewﬁéhiﬁl&ﬁgﬁgfed can
be suppressed, and 10 furthernore, the end-face
illumnating units 39 can be used

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 Wifh a light. In contrast to this,
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with stability for the long term The inspection
apparatus and the inspection nethod for inspecting an
end face of a transparent substrate 15 according to
the present invention are, for exanple, applicable to
i nspection for end faces of liquid crystal display
panel s, which is one type of flat panel displays,
organi c el ectrol um nescent (EL) displays, inorganic EMD029
di spl ays, plasma display pasels (PDPs), and the liKke.
The 20 inspection apparatus and the nmethod are al so
effectively applicable to inspection for end faces of
thet daspaictdione appagjaeatso if ogu listspetots ngnaint lemd ifleeef af a
which quartz substrates are bonded. MD029 49
trapgparentosabsitira teapgeoriddng nopddel presenthgnvention
i nspection apparatus for inspecting an end face of a
doesy apdpsease $aBsSt Preblascording 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

i nvent i DHG% et idanihe terd tiomateinedhitace?

of a single_transparent .substrate, such as a single
ForyFaSReCRYELE: SLLMIPAGLEG,he, PECE BEA: 10ge OF the

. liLke. 10 ENDU TgIA Ag LI I LLTY, According to. th
dlsB?%?eRFnF vERPF ﬁ?%?h Eiwga c }ght is 1ntegm1%ten%ly
turned on, the variations in intensity of light with which
each end face is illuminated can be suppresséd, 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 tranéparent_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,lplasma display panels (PDPS), and the like. The

‘inspection apparatus and the method are also effectively

_applicable'to inspection for end faces'df transmissive-

projector substrates and the like for which quartz-

substrates'are bonded.
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apparatus and the inspection nethod for inspecting an
end face of a transparent substrate are capabl e of
precisely and 15 reliably detecting defects in the end
face of the transparent substrate using a sinple and
i nexpensi ve optical system and inage processing
devi ce and capabl e -of accurately detecting the anount
of chanfering of each edge of the end face of the MD029
transparent substrate after4®he edge is 20 subjected
to .chanfering. -50 MD029 CLAIMS 1. An inspection
apparatus for inspecting an end 5 face of a
t ranspaFantheunhere at thet hargappafer usnspeptienngy the
first illumnating neans for emtting a light; a first
inspeqtdan mppacatast for dmspadtiga va end tfate I9fg to
the end face of the transparent substrate at a first
trangparsmt sabstzadsadeno tg &hel prgsepdodqvention is
reflecting nmeans for reflecting the emitted light to
noty Jdmdiedk %ee apPopted gdessa s trgherr sueh as Frseddfplay
face gpposite _to the first face of the transparent
pangly subiteate, 10, o MRe tnzneqtien peearAty AREITGRE to
reflected, 15 from the end.face of the transparent -
the| DESEEITe 1Y ORE 1PBad? BRA-LGPOIRe tPi ABFPEGICG Athan end

fac%e%%ng E%%Sl%ftkgﬁsﬁﬁ%ﬁ% a%%%%trate, 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 transparént substrate.after the edge is

subjected to chamfering.
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substrate; and a detecting neans for detecting a
defect occurred in the end.face of the transparent
~ substrate -based on an 20 intensity of the received
. light. MDO29- 2 An |nspect|dﬁ%apparatus -accordi ng to ,
claim1, further conprising a table for supporting the -
‘transparent -substrate in a horizontal position, 5
~ wherein the first reflecting means, the imaging means
- and t he second reflectlng means are provided on one of
the first face and the second face of the t ransparent MD029
substrate...10 3. An InSpG@EApmgapparatus according to.
claim1, further conpr|S|ng a table for supporting -
the_transparent substrate in a horizontal position,
- 15 wherein the table is novable in .a horizontal .
direction. 4 An inspection apparatus according to =
“claim3,. wherein the table is rotatable around an" -
axis vertical.to a 20 surface of the table. 5. An
i nspecti.on apparatus according to claim2, wherein
.the first reflecting nmeans, the second reflecting =
-Ineans and t H@® |1ﬁ§@|eﬁ§lﬁﬁaﬁﬁpérétuﬁoﬂ%l@Snﬁfaﬁimg an end

integral - -
face é& a transparent substrate, the apparatus comprlslng

a flrst 1llum1nat1ng means for emlttlng a llght-'

| a flrst reflecting means for reflectlng the emltted ,

light tO‘the end face of the transparent substrate-at:a
first face of the transparent'substrate: | .

| .‘ a second reflectlng means for reflectlng the -

‘emitted llght to the end face of the transparent substrate

at a second face OPPOSlte to the flrst face of‘the

' transparent‘substrate-‘

15

an 1mag1ng means for receiving the 11ght reflected

from the end face of the transparent substrate at at 1east

. one of the first facejandmthepsecond'face Qf thettransparent

20 -

substrate; and
-a detecting means for detecting a'defect'OCGurred

in the end face of the transparent substrate based on an:

1nten51ty of the recelved llght.



-52 MD029 nmanner with respect to the table: 6. An
i nspection apparatus according to claim5 wherein the .
" first reflecting nmeans. and the second reflectlng 5 .
~nmeans are integralt'y novabl eswith respect- to the first.
|Ilun1nat|ng means. 7. An inspection -appar at us _
according-to claim6,  wherein, in each of the flrst
. reflecting means and the 10 second reflectlng
means, .the direction that reflects the ‘emitted is

'adjustable 15 8 An i nspection appafatus accor.ding tOMDQZg

~cllaim:1 20 ‘or cla|ﬂ12 wherein the first.illunminating -
means - intermittently enmits the light to the end face-

- of the transparent substrate and, the apparatus
further conprises a second |Iiun1nat|ng means for L
interm ttently enitting a light to -53 MX029 -the end -

Zace of the Anahspmiciions upphirataswhibberdbrgfié sélaim 1,
illum nating nmeans is off. 9.  An inspection apparatus"

: fartbeﬁ|¢qmﬁrnsingla kabls - wbereuppbbelﬁgrsme transparent
illuminating neans is a linear light
substrate in a horlzontal posatlon
5 "whereln the‘flrst reflecting'méans; the imaging’
. _means and the seaond:reflectiagfméaQS'are}provided‘onnone.bfz
the first face and the secbnd face of thegtranaparent";‘.'

suESt:ate.'
10

3. " An inép5ctiOn appatatus accofding:tb[ciaiﬁ'i;f
further comprising'a tabla for supporting tha'transbarent
substratéwih.a horizontal‘positioa,-- |

15 :—_ ) | whetein the tablé is mbvabie'in_a horizontal,

direction.

. ) " An 1nspection apparatus accordlng to clalm 3
whereln the tahle 1s rotatable around an axls Vertlcal to a.

20 surface of the table.

"_SQ R An'inspectioh apparatusradcbrding“tbrclaim,z;'
':f whereln the first reflectlng means the seéond réflecting

-means and the 1mag1ng means are movable in an- 1ntegral



source extending parallel to the end face of the
transparent. substrate. 10. An inspection apparatus
>accord|ng to claim9- 10 wher ei n' thé I'i near light
~source is an LED array: 11 Asﬂﬂnspectlon apparat.us.
according to claim 1, wherein the imaging means is'a.
CCD camera. 15 12. An inspection apparatus accordlng‘
- to'claim.2; - ‘wherein the first .illumnating neans, the‘f
first reflectrng nmeans and’the second:- reflectrng

‘means are fespectively provided on the end faces at MD029

~ both side edges of .the transparent substrate...20- 13-5f}‘*--'
“An inspection apparatus according.toclaim 1, . wherein:
the detecting neans determ.nes-an inmage densrty of . 54 -
myDE29 weahhresyectrtb|theg¢aﬁaEa captured by the '
~i'magi ng nmeans . and identifies the end face of the .
transparent ‘substrate based - on the.i mage density . of
each pixel. 5 14 An‘inspection apparatus according to
¢l ai m 13, virerisispedidotenpparatuseacsondtngtin alaim _5, |
- defect based: on'the identified end face of the -
Whepip it £ wedilechRugt neans$ nad Hensiagonst r@a?dhcting B
pi xel . 10 15. An inspection apparatus according to
5 meagﬁrﬁrp 1ntegrally movable with respect to the- flrst

111um1nat1ng means.r

7. Ah_inspectionfapparatus acccrding'to claim 6,
Wherein ~in each of the.first reflecting means and the"
10 . second reflectlng means, the dlrectlon that reflects the

emltted is adjustable.

15

8; | An’ 1nspectaon apparatus accordlng to claim 1
20 or clalm 2, whereln the flrst 111um1nat1ng means
;1nterm1ttently emits the light to the end face of the -
-1{transparent substrate and o
the apparatus further comprlses a second

-elllumlnatlng means for 1nterm1ttently emlttlng a llght to



wherein an edge of the end face is subjected to
chanferlng ..16. An inspection apparatus according to
- claim1, mhereln the detetting means detects diffused
. reflection ‘at. 15 the end faed3of the transparent
- .substrate as a defective- por tion havrng a-high -
~intensity of ‘light.. 17. An inspection apparatus
~ -according to cIa|n11 ,wherein the transparent’ =
-..substrate is a bonded gIass 20 substrate for. Wwhirch tmp L

glass substrates are bonded so-that -.a termnal - Mpozgs-'jf7fz

. section is- exposed the ‘two gl ass’ substrates haV|ng a
predeterntned gap to be filled with 1|qU|d crystals -
. therebetween. -55°'MD029 18 An i nspection apparatus .
e @ndl lfgcteOOanyhenEraﬁspamm‘B siistrhte wihdlel sheheirst
. detecting neans i-'s capable of - sw tching a-target for
- dildspdoniténgbeeans nionet Hf the end faces of. a-bonded
gl ass- substrate or both the end faces of 5 t he bonded
- glass substrate, the bonded gl ass substrate being
bonded so that a terminal section is exposed. 19. An .
‘bRspection nedhotrspEctipantargtys esadordine 6 glaim 1,
... transparent substrate, the i nspection met hod :10
5 whereinstig: firet dddunimatiing: megnst &p of limeax | Hight
~light; -a first reflecting step of .reflecting the
s%“rqeegytendlng parallel to the end face. of the transparent

substrate

10. An 1nspect10n apparatus accordlng to clalm 9 .

A0 whereln the linear light- source is an LED array.

11. 'Anrinspection:apparatus according to claim 1,

wherein the imaging means is a CCD camera.

15 12;; An 1nspect10n apparatus accordlng to clalm 2
r_whereln ‘the first 1llum1nat1ng means,_the flrst reflectlng
means and the second reflectlng means are respectlvely
proyaded on the‘end faces at both 51de'edges of the -
o transparent substrate; S |

_20: o 7

13- N o An 1nspect10n apparatus according to. elaim 1

Wherein the detecting means determines an 1mage den51ty of



io

15

20

light to the end face of the transparent substrate at
.a first face of the transparent substrate; 15 a
- second reflecting step of - reflectlng ‘the-enitted
1ight to the end face. of the54ransparent substrate at .

- . a second face opposite to the first face of the’

~“transparent = substrate; an imaging step of- receiving
the light reflected. 20 fromthe end face of the
“transparent substrate at -at least - one of the first

“face and the second face of the transparent. = - . MD029°

substrat e; and a detectlng step of detecting a def ect
occurred in the end face .of. the transparent substrate
- ‘based .on_an -56 .MD029 intensity of the received:

- gachhplixed Ap imagecdeba eantuxeddyotdiengmagichaieais and.
wherein the first illum nating step includes a step of
lenti€inst thetend chree | f) thee Yagisparent Asubatpatei based

%Fod according to claim19 or claim20, further
OPnéPadiHgIe ey 194 RAThadiixglst ep of
intermttently entttlng a light while the Ilght
emitted in 10 the first -i'llum nating step is off.

An inspection _nethod according to any one_of cIalns '
1%9 to 21, mhg‘l”ellﬁsﬂ?é’t&QPeE‘PPﬁﬁaEF%pa‘b‘ét’é?W%e‘so giaim 13,

-whereln the“deteqtlng means detects a defect_based.on-the

- identified end face of the transparent substrate-andrtbe

. image density of each pixel.

.15.__ . - An inspection apparatus according to claim 1,

wherein an edge of the end face is subjected to chaﬁfering.

16, An inspectibn apparatus according to claim 1,
rwherein the'detecting,means detects diffused reflection at
the end face of the transparent substrate as a defective

portionbhaving a highbintensity-of light.

17 An inspection apparatus'according'to'claim_1,

,whereln the transparent substrate 1s a bonded glass

substrate for which two glass substrates are bonded S0 that

A 2 terminal section is exposed, the two'glass substrates"
having'a predetermined gap to be filled with liquid crfstals;

-therebetween.




 the transparent

10

15

20.

:-clain119 )

i mage density of each pixel in imge data captured by

the 15 inmaging step, identifies the end face of the _
“transparent = substrate based on the inmage density and - - -
‘detects a defect  based on.thge-identified end face of
substrate and the i nage density of -
each pixel. 20 23 An inspection nethod according to

~wherein an.edge of the.-end face is -

subj ected to chanfering. = 24. An .inspection nethod

~according to claim19 wherein the detecting step MD029- f

. detects diffused-reflection at MD029 the end face of
the transparent substrate as a defective portion
havi ng a high-intensity of light: 25: An inspection

- 1fet hod accor dinginspéat o Sappdratuer eickoiri@ng to. any one

transparent substrate is a. bonded glass substrate

ofoelafmehltiw YT aseherdit ridteesledeethagdadans ibatapable of

termnal section is exposed, the two glass. substrates.
SHaLFREPS Priaraet fordigmedidobebétwken onéhof i thi cend
crystals _therebetween. 10 26. An inspection nethod

- £a36e8ef Ry RPdaty PRssofsubsitzate 00 botRSthevherdifadee of

step i s_capable:of sw tching an inspecting

- detectin
: t-‘?%r‘b‘é‘ld%igtﬂééﬁmséﬂfaﬁﬁe the berdsd glass burtddtrafleadeing

sg?g{rate or both the end faces of the
bop_e so .that a terminal,section_is-exposed.

10, An inspection method for inspecting an end

~ face of a transparent substrate, the inspection method

comprising:‘
a first illuminating_step-of emitfing a light;

_ ‘a fi;st reflecting step of reflecting the emitted
light to the end face of the transparent substrate at a
first face of the transparent substrate:;

a second reflécting;step ¢f reflecting the emitted
light to the end face of the trahspareﬁt substrate at a
second facéropposite tb-the first,face of the transparent
substrate;

an imaging step of_receiviﬁg the light reflected

from the end face of the transparent substrate at at least

one of the first face and the second face of the transparent.

substrate; and

a detecting step of detecting a defect occurred in

. the end face of-the transparent_subétrate based on an .
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23+ | An inspection method according to claim -°,

15 bonded gl ass substrate, the bonded gl ass substrate
being bonded so. that a term nal. section.is exposed
27. An inspection apparatus - accordlng to-claiml,
- mhere|n the first illum natissg means |ntern1ttently
-~ emts 20.the Ilght 28 An inspection apparatus
~according to:claim1, - wherein the detecting nmeans
detects the defect occurred in the . end face of the
transparent substrate based on an inmage. 58 MD029

~ density correspondlng to the intensity of . the recelvaMDOZQ

. light. 29 An inspection.nethod accordlng to claim 19,
mhereln the first illumnating step includes a step of
5.intermttently emtting the light, 30 An inspection
iptensdtacedrthagreeeivest Bight. wherein the detecting
step includes a step of detecting the defect occurred
in the end face of the transparent substrate 10 based

on an inmage densjty corresponding to the intensity ?t
20the rece|vedAQgﬂﬂ$Pectlon method accordlng to claim

'whergln the first 111um1nat1ng-step 1nc1udes.arstep of

intermittently emitting the light.

91 - | An inspection_methodlaccording to claim l%or
claim 20, further including a second illuminating step of
intermittently emitting a light while‘the light emitted in

the first illuminating stép is off.

22 . An inspection method acéording to any one of
claims 19 tq Zi,rwhereiﬁ the detecting step determines an
image density of each pixel in image data captured by the
imaging step, identifies the end face of the transparent

_substratg'based on the image density and. detects a defect

.based on the identified end face of the trénsparent

substrate and the image density of each.pixel.

19

_”whgrein an edge of the end face is subjected to chamfering.

7:;4}5 | ..' “An 1nspectlon method according to claim 19,_

;.Whereln the detectlng step detects dlffused reflectlon at




~57=

“MD029

the end face of the transparent substrate as a defectlve

‘,portlon hav1ng a hlgh 1nten51ty of llght

10

15

20

27 -

25. . An inspection method according to claim 19,

twhereinsthe,transparent substrate is.awbonded-glass
‘substrate for whidh-two glass substrates are bonded so that

a termlnal sectlon is exposed, the two: glass: substrates

hav1ng a predetermlned gap to be fllled with liquid crystals

,therebetween

26. An inspection method according to any pne'of

claims 19 to 25, wherein the detecting step is 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.

An inspection apparatus according to claim 1,

wherein the first illuminating means intermittently emits

~ the light.

An inspection apparatus according to claim 1,

whereln the detectlng means detects the defect cccurred in.

'the end face of the transparent substrate based on an 1mage_.:



~ MDO29
deﬂsit?‘cqrrespénding to"thé.infensity of fhe,received light.

26 . An 1nspectlon method accordlng to- clalm 19.

wherein the flrst 1llum1nat1ng step 1nc1udes a step of

5 1nterm1ttently emlttlng the llght.

- 30 . An 1nspect10n rethod- accordlng to claim 19,
whereln the detectlng step 1nc1udes a step of detecting the
defect occurred in the end face of the trahsparent'subStrate-

10 = based on an 1mage density correspondlng to the 1nten51ty of

‘the recelved llght



