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MD029 ~-i DESCRIPTION 5 .1 NSPECTI ON APPARATUS FOR

| NSPECTI NG AN END FACE OF A TRANSPARENT SUBSTRARE AND
| NSPECTI ON METHOD FOR THE SAME The present invention
relates to an apparatus and 10 nethod for inspecting
any defects at an end face of a transparent substrate,
i ncluding a transparent glass substrate, that is cut
into a predeterm ned size. In the transparent MD029
substrate’ a bonded substrate-made up of a pair of

gl ass substrates bonded and used for flat display
panels 15 |Is al so included. BACKGROUND ART Li quid
crystal display (LCD) PRRERIBLEIQNates used 20 in LCD
apparatuses are fornmed by filling a gap between a pair
of glass substrates with liquid crystals. Awring
l'ine

or oVPUERROLEON APLAERESS (hGh Wil AT sunceRle,
< provi ded O PndKANEEAENT SOsTRARE Mo c,

whi ch i's gengfRpE- TN METIODC FoR TuE samE

The present invention relates to an apparatus and
method for inspecting any defects at an end face of a
transparent substrate, including a transparent glass
gubgtrate, that 1s out into a predetermined size. In the

Lransparent substrate, a bonded substrate made up of a pair

of glass substrates bonded and used for flat display panels

is also ingluded.
BACKGROUND ART

Ligquid crystal display (LCD) panel substrates used
in LCD apparatuses are formed by filling a gap between a
palr of glass substrates with liquid crystals. A wiring
line, a thin-film transistor (TFT) and the like are provided
on one glass substrate, which 1s generally referred to as a

TFT substrate. A color filter (CF) is provided on the other
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substrate. Such a display panel substrate is, for
exanple, forned by bonding a pair of nother glass
substrates together and then cutting it into the size
of the display panel 5 substrate. A predeterm ned TFT,
awring line and the like are provided in advance on
the not her gl ass substrate to be fornmed into the TFT
substrate. Figure 13 is a schematic perspective view MD02%
of a cut 10 display panef 3ubstrate. A TFT, a wring
line and the Iike are provided on a TFT substrate 11
arra din the |l r part in Figure 13) parti al
91ap3] RRRGELalR, oM Bane soBamaLix: Foforred shoasi deChr
ter section 11.a on

9“‘“&’2?8 g; Z ﬁ?@i%ﬁ@%&:@g ﬁﬁﬂsﬂgﬁtﬁtﬁ_tsr éEF_rSPquafa{nalet
t t
fo %ﬁlhéif’ﬁéﬁéiﬁgﬁsléﬁﬁiﬁéo ome n%?—éagf%ﬁl Hﬂbﬁ&%ﬁ%‘piﬁog@mr
_di 1 TET
and) fef] SBEELRBT0E. ARVESERE' 6178 8B:h0°albl13y Bhhan]

are bo a prede

_subﬁ&fﬂtélquhdpr$&¥§E§h§nEaegg@?tﬁeﬁﬂﬁiﬂgﬂlﬁﬂgtahﬁethF like

term nal section l1lla Is expose e case O

. . t (
are?Egﬂgﬂ&é@fiﬁga&GSnSbSSha¥h93ﬁ8£he§uﬁ%&%@ Eﬁﬂgrggygn@o be

tructure descri bed above, as s

forddd ajntd hehs erPrnghbstdref the term nal section MD029
3 lla provided on a TFT substrate 11A of a bonded

gl ass
Figure 13 is a schematic perspective view of a cut

dispiay panel substrate. A TFT, a wiring line and the like

‘are provided on a TFT substrate 1l (arranged in the lower

part in Figure 13) partially forming a display panel

subgstrate 10. On one side of the TFT substrate 11, a

- terminal section 1lla on which a plurality of terminals 1lb

are provided to be respectively connected to each wiring
line is forméd. A CF substrate 12 completing the formation
of the display panel substrate 10 and the TFT substrate 11
are bonded with a predetermined gap to be filled with liguid
crystals therebetween such that the terminal section 1la is

exposed.

In the case of manufacturing the display panel

substrate 10 having the structure described above, as shown

in Figura 14(a), the texminals 11b of the terminal section
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substrate 10A are electrically connected to each other
with a short link 1la provided on a aide edge of the
term nal section 1la of the TFT substrate 11A. The
short link Iie 5 prevents the accunul ati on of charge
in each of the terminals bib and the wiring |lines and
protects the wiring lines from electrostatic danage.
After a plurality of bonded glass substrates 10A areMD029
cut froma bonded nother gldss substrate. for which a
not her CF substrate and a nother TFT substrate 10 are
bonde the TFT substrate hlA is cut along a cutting
11y Pﬁ@vgpﬁdsﬁﬁwﬁ FFTFPQGF$IE$Fb}13tﬁ@sadP§@%@§gﬁﬁgﬂﬁhe

suoffURRS" 1B, 2re, epir Eﬁlgifé o e%é% Vgtthgr; with
= sfat AEhR, 15 P’Q‘-‘@fi&ﬁgr’ﬁgglégﬁPgﬁtabkﬂgfc  gEintpal”
secthdni § grgfnghgn@F?hﬁpggEga%ggi ggsggggtfiigklaic

are su Jecte

Pre@gﬂtb'QﬁetﬂcEﬂquE@i§ﬁCSflEg??éggﬂftgcheEglEﬁa terminals

section 1lla o T su an €én ace
llbmﬁﬁﬂethéewifﬂﬁ D3hege 0 p Hgn
substrate 10 |g]note§ ahgrgggﬁegﬁg ﬁ%% gg¥iﬂg ihﬂescﬁrom

elestibostattoldenadet heabobioa pedsg1 ot yt Be EEﬁaéabgiaabe
11 are subjected to chanfering. Each of the bonded

subgteatesubBAratreschbAfrenf ar befidedombeRBeCcyLu8kYsGEbtRate
pai r of bonded nother gl ass substrates. 4 MD029

for which a mother CF substrate and a mother TFT substrate

are bonded, the TFT substrate 11A is cut along a cutting

line 114 shown in Pigure 14(b), thus disengaging the

connection of the terminals to each other 11b with the short

- link 1l¢ (see Figure 13). When the TFT substrate 11A is cut

along the cutting line 114, then the end face lle extending
along the cutting line 114 is ground and the both edges of
the end face lla are subjected to chamfering. In this case,
in addition to the end face lle along the terminal section
1la of the TPFT substrate 1l, at an end face where the
terminal section of the display panel substrate 10 is not.
formed, the top edge of the CF substrate 12 and the bottom

edge of the TFT substrate 11 are subjected to chamfering.

Each of the bonded glass substrates 10A 1s formed

to respectively cut a pair of bonded mother glass substrates.
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Fi gure 15 shows a section view of the bonded gl ass
substrate 10A out from the bonded nother substrate.

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

the terminal section 1l.a provided on the TFT

substrate 11A is exposed, the 5 position of cutting

the CF substrate 12A is different from the position

of cutting the TFT substrate 11A. As shown in FigureMD029
15,. the position of cuttirnd the CF substrate 12A is
adjacent to a sealing nmenber 13 prOV|ded for bondi ng

t he substrate . 11A aqe t he bstrate 12A to

rigss 15’ ﬁéﬂ: 1& i ol Ot e RaPdagh aloas: sibgtrate
102 Bt rohl Gple e.;gg@o 6%, Fa T Hhis paga s
s:l.n?:% g'bg:”"’:‘glgag’ a%el (r::l'c | ned andt%ﬂ?%ﬁ 23& toi%%‘&f)%tecti‘m
114! S%Wa% offl LR % KB 1 20REOTANCS o Q.2 ST 15

nmenber as t ace e approa

pos&%ibhnef Eﬁ%ﬁ&hgl%heaﬁ ﬁb%%&g%eb& Q?iﬁeﬁi%E%E%nF”f

Figure 15. In the case en t bon ed gl ass sub

thelBAsit10AUbFl EAFLANGAItheOTFADERSE teadas 15W0S kA
bonded to each 20 o?ﬁer and when thg tern?ha? sggﬁrgnin

Figtealsf{ the Ppbosittibat b@it euttiAg TheUCF gubaiekeet HRA ig
short link 1,la fromthe bonded glass substrate 10A,

adjacenhdtbasesehlihg membexbisr previdedr Foanbendihacenel TFr
the CF substrate 1.2 of the cut display panel
subgtpatealdA18ndaygheadEesubeppatg. 1RA &or ehehi vehyrl.ar ge
MDO29
Therefore, while the CF substrate 12A is cut, the tension of
the sealing member 13 is applied to an end face l1l2e of the
CF substrate 12A to be cut, and as a result, the end face
12e to be cut may be gradually inclined (i.e., by hollowing
out) toward the direction that approaches to the sealing

member 13 as the end face 12e epproaches to the sealing

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

In the case when the bonded glass substrate 10A is
cut from & pailr of mother glass substrates bonded to each
other and when the terminal seotion 1lla of the TFT gubstrate
11A is cut to remove the short link 1lo from the bonded
glass substrate 10A, an end face of the TFT substrate 1l or

an end face of the CF substrate 12 of the cut display panel

‘substrate 10 may cause chipping. If a relatively-large
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5 shel | -shaped chi pping occurs on the end face 1le
adjacent to the termnal section Ila of the TFT

substrate 11, the chipping my extend toward the

inside of the TFT substrate over tinme and thus the
termnals |lib provided on the 5 termnal section Ila

may be broken. As such, if the display panel substrate

10 that is out froma pair of nother glass substrate¥P029
bonded to each other and~t®at has a defect, such as a

chi pping, in the and 10 face of the TFT substrate 11

oot Ao, 5, R A okt A o
di , f d. liqui { .
St i e U A

cnigpite nie Bl TRk B0disth 13, Whel b SEhiEare

product i's fou

oveli gind &REStRUsIiBRl 34 -ARRRAAL Y585 Pgaggfq%a

|
probl em that the manufacturing yie I gqu

°§d%gPystm

'terﬁﬁﬁaﬂageammahanuae&a&sbg!ggbﬁgﬁqntly reduced. In

particul ar, 20. as described above, in a case where

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

| ncl i ndge enwbl ,ackef 1w atldplay Tahel Wifistitel Bd Rt is

subsequent cl eansing step. Thus the termnals ilb of
cut fzomer nPadr oBcmpther| glasst sebdEFates bonded to each
other and that has g defect, such as a chipping, in the end

face of the TFT substrate 11 or in the end face the CF

- substrate 12 1s transferred to the next step to be formed

;pto a ligquid crystal display apparatus, the manufactured

dliquid orystal 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 apparatuges, there
is a problem that the manufacturing yield of liquid crystal
display apparatuses is significantly reduced. In particular,
as described above, in a case where the end face 12e of the
CF substrate 12 has been inclined, moisture may penetrate

the gap between the inclined end face 12e and the TFT

_substrate 11 in a subsequent cleansing step, Thus the

~ terminals 1lb of the terminal section 1la of the TFT
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MDO29 b substrate 11. may be subjected to corrosion

due to the noisture, thereby increasing the

possibility of product defects. 5 In 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 like, be detected by inspecting the end

face of the TFT substrate 11 or the and face of the MD029
CF substrate 12 in the di SpPay panel substrate 10 10

cut fromthe bonded nother substrate before the

sutBeRdled 103 B ?ﬁ}iﬂ?‘ﬁﬁeg%o Heh o 3%5334%%6“
HMi?%g#?ﬁgﬁ?%h 0 ?ﬁ%ﬂgﬁﬁqukgik{%E%H#ﬁ%ﬁ?ﬁf 4%235%@¥%ke

dafaaggt he |i ke, of the display panel substrate 10. 15
Moreover,. fo3 the and 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
subst r aire dddendto tdl v SRS teEd [ [ '
liquid crystals, each of 20. ﬁthe‘ﬂ('eéolig‘?e'sS:IE) Jf%]?%ér(}*défhble
thatadefectsgesachl by snbjireltdateophall ehiengndy raek, a
rinding process with grind stones. However, it is
chigpingcthe epdcfeck ahdt bhe aiksedbeedstaededapgunt of
the edges of the and faces are reliably subjected

inspecting the end face of the TFT substrate 11 or the end
face of the CF substrate 12 in the digplay panel substrate
10 cut from the bonded mother substrate before the displey

panel subsgtrate 10 is transferred to the next step.. However,

it is difEicult to_afficiently 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 thea TFT substrate 11
and the end face of the CP substrate 12 in the display panel
substrate 10, after the gap between the TFT substrate 11 and
the CF substrate 12 1s f£illed with llquid crystals, each of
the edges of the end faces is generally subjected to
chamfering by wet grinding process with grind stones.
However, it is difficult to check whether a predetermined
amount of the edges of the end faces are rellebly subjected

to chamfering.
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to chanfering. 7 MD029 The present invention is to

sol ve such problens. The object of thereof is to
provi de an inspection apparatus and an inspection

nmet hod capable of efficiently and 5 accurately
detecting a defect, such as chipping, for inspecting
an and face of a transparent substrate and al so
capabl e of readily, for exagple, |nspecting the state?P029?
of a part subjected to cﬁaﬂféring of the end face. 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

: . : .
1 unt PR prddte SRR e teb DN Wkin BrloH Thme.
TheObbY A8t bansRALERE §Hbéarg£svﬁhgcsﬂ.2 sgggggéﬁ$§§pakﬁﬁus

first illumnating neans being tor inte

anaeaht1hegea;hbﬁhhetﬁoaheaﬁaﬂlaas%;eekaEEhEﬂ MEAES
arranged in at |east one direction wt regpect to a

accarately Abtbébeiny &arasfeatenkueibakr 8hepplhs, cBdrf ace
and the surroundi ngs thereof being an |Iagi ng region

inspéctirgi angend BreesefandtbanspEBERtPEABSEEAPE ARANElso
for detecting a defect of the end face based on an

capabd@ecofecnesdilyl fomgexamplecaphepedtbygt bhe sPAPRNGE a
nmeans.. Thereby, the objective described above is

part subjected to chamfering of the end face.

DISCLOSURE OF THE INVENTION

An lnspection 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 light to the end Fface; & imaging means arranged
in at least one direction with respect to a surface of the
transparent substrate, tha end face and the surroundihgs
thereof being an imaging reglon of the imaging means; and an
image procassing means for detecting a defect of the end
face based on an image density of image data captured by the

imaging means. The:eby, the objectlive described above is
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8 achi eved. MD029 The inspection apparatus may further
include first reflecting nmeans for reflecting the
light emtted fromthe 5 first illum nating neans,
wherein the imaging neans is arranged so that the end
face and the surroundi ngs thereof are the inmaging
region illumnated with the light reflected fromthe
first reflecting neans. 10 The inmgi ng means may be MD029
arranged opposite to the ~f Br st reflecting nmeans with
respect to the transparent substrate. The table may
achI PRGNt the transparent substrate in 15 a horizontal
position. The first reflecting neans may be provided
bel ow-the transparent substrate. The table may support
the transparent substrate in a horizontal position.

(he tr b EepeCi ARSI oy SRR ATt st
T aare vort FesregtiRa, teTadRke Bk EkBh MkEn tne
£1rMP021denbtifly MEAhECt HExreiRARReAMMab IRyl ABELAT1 4
arrgﬁggg so that the end face and the surroundings thereof
are the imaging region illuminated with the light meflected

from the first reflecting means.

The imaging means may be arranged opposite to the

first reflecting means with respect to the transparent

"substrate.

The table may support the transparent substrate in
& horizontal pogition. The first reflecting means may be

provided below the transparent substrate.

The table may support the transparent substrate in

‘a horizontal position. The second reflecting means may be

provided above the transparent substrate.
The table may be movable in a horizontal direction.

‘The table may be rotatable about an axis vertigal
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may be novable in an. integral manner with respect to
the 5 table. The first reflecting neans nay be
integrally novable with respect to the first
[I'lumnating nmeans. 10 In the first reflecting neans,
the direction of reflection wth respect to the and
face of the transparent substrate nay be adj ustable.
The second reflecting means and the inmagi ng neans 15MD029
may be novable in an integrﬂl‘nanner with respect to
the table. The second reflecting nmeans May be

i_n ral ly abl.e,with respect to the first

to FI%@%F%& iﬁgnﬁé n§?b 8*In the second reflecting nmeans,
the direction of reflection with respect to the end
face of the transparent substrate may be adjustabl e.

- 10 M2 [ ] tus furt her

| ncl ude sec%oj'}%q; i%éa | gﬁ)&rr%g sm}%ﬁ&{entwj[e‘}%ﬁﬁﬂﬂa

ekl b | hghbnt n h ransparen
maysubstrgggﬂah?ﬁeh?hgnfkgg?i ﬁﬁpﬁﬁgngﬁfhggﬁéggg%ig°oF#9
tabIBe first illum nating neans nmay be a linear |ight

The first reflecting means may bs 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

subgstrate may be adjustable.
The second reflecting means and the imaging means
ray be movable in an integral manner with raespect to the

table.

The second reflecting means may be integrally

movable with respeat to the first illuminating means.

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

substrate may be adjustable.
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source extending parallel to the end face of the
transparent substrate. 10 The linear |ight source may

be an LED array. The imagi ng Means may be a CCD

canera. The first Illumnating nmeans and the first 15
reflecting nmeans nmay be respectively provided on sides

of the end faces at both side edges of the

transparent substrate, The first illuninating neans MP029
and the second 20 reflectlannEans may be respectively
provided an sides of to the end faces at both side

edges af, parent  su strate
proceSS| 7 rreaé?aé\?ra?f‘ FHRITT RS JhBY ehe’ilgnm second

illgﬁﬁiakln%fmggﬁﬁ E8§ehnkg§@ht%§§%?ﬁa @ﬁ%&#&ggagﬁyﬁﬂg to
thetEﬂBSEﬁbﬁnbf %#ESEE§h§8Q§§§Q %ﬂb%%%ﬁggagﬁ&gﬁ %be rgt

each pi xel processi ng

111&ﬁ&ga§1ngaﬁggngnighgffdent|f|ed and face of the
transparent substrate and the inage density of each

pi xel . An edge of the and face may be subjected to 10
chanfering, The image processing neans may detect

di ffusd@he first illuminating means may be a linear light
source extending parallel to the end face of the transparent

gubstrate,
The linear light source may be an LED array.
The imaging means may be a CCD camera,
The first illuminating means and the first
reflécting means may be respectively provided on sides of

the end faces at both side edges of the transparent

substrate.

The first illuminating means and the second

reflecting means may be respectively provided on sides of to

-the end faces at both side edges of the transparent

substrate.

The image processing means may determine an image



10

15

20

reflection at the end face of the transparent

substrate as a defective portion having a high

Intensity of light. 15 The transparent substrate may

be a bonded gl ass substrate for which tw gl ass
substrates are bonded so that a term nal section is
exposed, the two gl ass substrates having a 7
predetermned gap to be filled with liquid crystals MD029
20 therebetween. The i mage ¥r ocessing neans is capable

of swtching an inspecting target between one of the
both the end

dens % f aces og a, b nged gl ass substrate or
enFily Oh( SpRD BiRALILR BagppEasa rapsuseBPyathe inaging
I bei bonded t hat
mealQaH HadoTaRHREFY LinosnA” A%, R Ebe: SRaREPAGANEO!
i t§ f 5 t bst t
subkERREE! bANLA" oA Pab2TRnge, ASpRLEY O herahepINel. * ©
intermttently emtting a light to the end face of

the transparent substrate by first illum nating neans;

| Magi NerHeNQ naiyd fp@(‘?%?ggq iﬂg? erepf. b

i magi ng neans; an et eé{qqﬁﬂg&g{%g#g’gt 0 c{‘JT:éa :ﬁecfer‘%%ce
bes8@seH tHealadftisPse FRASEh¥eObei FRGC red by

t he i magi ng neans. Thereby,et%e g%?eggéﬁgggggégd
subatwate | sndcthevhfiagé NaéhSLEY b1 88cR pighi, and the

i magi ng step, the

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 subsirate zs a

defective portion having a high intensity of light.

The transparent substrate may be a bonded glass
substrate for which two glass substrates are bonded so that
& terminal section 1s exposed, the two glass substrates

having a predetermined gap to be £illed 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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light intermttently emtted along the transparent

substrate 15 nmay be reflected fromreflecting neans

toward the end face. The and face nmay be

intermttently illumnated with a light by second

illumnating nmeans while the first illum nating neans

for intermttently emtting a light to 20 the end face

is off. The detecting a defect may determ ne an i nageMD029

density of each pixel inirede data captured by the

I magi ng neans identify the end face of the

trans aren ? r te - 13_ MD029 based on the image
9lagg, SEPs tERtedethe: DRNdee Slaggs subSRTeRe brdas bpnded so
tha%nd Eace o; the transparent sulstrate and the inage

eﬁ3|F§m&P &a@ﬁck S5 CXRO88Ge of the end face may
be subjected to chanferlng The detecting a defect
may detect diffused reflection at the end face of the

of ¢
o A oh A n et A g indihdn b AR 0040 Bl FAFE o
a tﬂBMsB&r@nEOEﬂSQt9h§§3&c§39 Eﬁ@tEofeﬁe“ﬁkﬁgehﬁoigbgﬁiion

substrates are SO t ater section
incﬂﬁﬂéﬁeﬂntéfﬁiiﬂ@nﬁhﬁsémiﬂ?ihéaheiiéﬁth@B' e enF face of

predeterm ned gap to be filléed wt |qU|
thet beanbphrertd. substrate by £irst illuminating means;
imaging the end face and the surroundings thereof by imaging
means; and detecting a defect of the end face based on an
image density of image data captured by the imaging means.

Thereby, the object described above is achieved.

In the emitting a light and the imaging step, the

light intermittently emitted along the transparent substrate

may be reflected from reflecting means toward the end face.

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

the end face ia ofE.

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

means, ldentify the end face of the transparent substrate
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The detecting a defect nmay be capable of switching an

i nspecting. target between one of the and 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 - 14 WMD029 Figure |

I's a schematic diagram showing the structure of an MD023
i nspection apparatus for inksbhetting an and face of a
transparent substrate according to an enbodi nrent 5 of

vaskdCeh! ?—%‘F”&ré%é?n ‘s‘p‘% Ly e Es%e%:%n%a%'s%‘éérﬂtﬁ%é%mo% the
are substrate

d_f f
tachEagTgh éﬂeiteﬁé 2%5&? “FRDSRPEGR: PUCREgaLe SRS the
imaPEO&EH SBEWEQQPag ggiratlng procedure in the
u

nspec appara i nspecting an end .face of a
transparent substrate according to the present
invention. is Figure 4 is a flowhart show ng an

t t
oper at ig}g o d¥ed I W idhd '?&dd“?:%ﬁf seprh%s t r}J or

i nspecting an end face of spar ent
chamfepifdghg to the present

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

defective portion having a high intensity of light.

The transparent substrate may be a bonded glaass
substrate for which two glass subsirates are bonded so that
a terminal sectlon is exposed, the two glass substrates
having a predetermined gap to ba £illed with liquid crystals

therebetween.

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

that 2 terminal section is exposed.

BREIF DESCRIPTION OF THE DPRAWINGS
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invention. 20 Figure 5 is an illustration show ng an
exanple of an inage for explaining the operation of
the inspection apparatus for Inspecting an end face
of a transparent substrate according to the present
invention. - 15 MD029 Figure 6(a) is an illustration
for explaining image processing in the inspection
apparatus for Inspecting an end face of a transparen¥b029
substrate according to the Y esent 5 invention. Figure
6(b) is an illustration for explaining the imge
processing in the inspection apparatus for inspecting
an and face of a transparent substrate according to

he 10 ' i gn. Fi 7 i
st A 1 s st Shoetag e i n
' ' tus f ' L , d f
st gpt e B anORTEbHCebBacabRg Ryt nekbering: scane
' ' | 7 ' LLlustrati f
B et R T Ra. o fagao B S8L0s g SE o Hhnecenppgaent
of gﬁga?ggggnEOEBGQﬁgggthg an end face of a transparent

substrate according to the present invention.
Figura 2 15 a block diagram of a control system of
the inspectlon apparatus for inspecting an end face of a

transparent substrate according to the present invention.

Figure 3 is a flowchart showing en operating
procedure in the inspection apparatus for inspecting an end
face of a trensparent 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 & tranmsparent

gubstrate according to the present invention.
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20 Figure a is an illustration showi ng an i mage for
expl aining the i nage processing in the inspection
apparatus for inspecting an and face of a transparent
substrate according to the present invention. - 16
NDO29 Figure 9 is a flowhart show ng an i nage
processing procedure in the inspection apparatus for
i nspecting an end face of a transparent substrate MDO29
according to the present ~5l8 nvention. 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 FHEHEG £E) |13 AmatlstratlemdEen explaining image
egi-illugingging uni t 3re turned on and off. 15
ProppggiRg11p tae,luspepticrt @PR§rat1sSHERF dDERECting an end
tructure _of an optical . systemof the inspection
f"‘°§p 8§r ét ﬁEagPBPrPﬁgpé‘b‘?Fﬁé%iﬁ BRgorddrgofoa theapspaerat:
inveHkshhate. 20 Figure 13 is a perspective view
schematically .showing the structure of a display
panel substrate.

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

present invention.

Figure 7(a) is an i1lllustration for e¥plaining the
image processing in the inspection apparatus for inspecting
an end face of a transparent substrate according to the
present invention.

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

present invention.

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

according to the present invention.
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Figure 14(a) is a schematic perspective view for
showi ng a procedure for manufacturing.the display
panel - 17 substrate, MDO29 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 showi ng the main part

of the display panel substrate. 10 BEST MODE FOR MDO23
CARRYI NG OUT THE | NVENTI ON Y reafter, enbodi nments of
the present invention are described below 15 Figure
1 is a schematic diagram showi ng an exanple of an

i nspection apparatus for inspecting an end face of a

| nvont iegle o4 A S AHAELO LAY 44 ke orecapsing
pro@@dﬁ&@ Eﬁcﬁhgf%ﬁspkﬁ%gﬁﬂarﬁgaﬁaHﬁgt g%ﬁ&hpggggépgaa?F?nd

exarrp e, use I nspect | eac

facdUBgt bateahdpaPdnd Ehb %E%Eﬁa%§c$%ﬁ959n%odi §¥eB%HE

substrate 10"shown iIn |gure spec

invaapakatus 1 for inspecting an and face. of a
transparent substrate includes a sliding table 23 - 18
MDO29

Figure 10 is an i1llustration 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-facé l1lluminating unit and an epi~illuminating unit are

turned on and off.

Figure 12 1s 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 & perspective view schematically

showing the structure of a display panel substrate.

Figure 14(a) iz a schematic perspective view for

showing a proqedure for manufacturing the display panel
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provi ded above a base 24 so as to be slidable in a
predeterm ned y-axis direction, a direct-drive (DD)
notor 22 provided on the sliding table 23 and a
rotating table 21 provided so as to be rotated by the
DD notor 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 MDO29
pl aced display panel subst¥hte 10 so that the display
panel 10 substrate 10 is fixed in a horizontal
Ltion. The DD notor 22 provided on the sliding
Bub?%%FEEZS has a rotating axis in a vertical direction.
The rotating table 21 is rotated by the DD notor 22
around the vertical axis. The rotating table 21 is
config BHEPPT t ' nel 15 substrate
20 so ﬁglgfh:%eﬁe peri p%%r%eso%%@%f gsca:ee%? %?%E)f%?/ v{)%éor
showilhgt sa 1$eP r L € ' LERCE
g o P eo S eP LR HERGeL ROk g, BT BRRAGY ThRRET "
subshirgbethe DD notor 22 is 20 provided is slidable
along a pair of y-axis guide rails 25 which are
provi ded on the base 24 in parallel to each other. A
y-axis ball screwy 26 in parallel with each y-axis
gui de Flgure 95 disatnlHesiomalded duetsiRArLid & HAina19f part
-axis guide rails 25. The y-axle ball screw 26
of éhga@kgp¥myhpanglaaubstrabe.ND029

BEST MODE FOR CARRYING OUT THE INVENTION

Hereafter, embodiments of the present invention are

- described below.

Filgure 1 i3 a schematic diagram showing an example
of an inspection apparatus for inspecting an end face of a
transparent substrate according to the present invention.
The inspection apparatus 1 for inspecting an end face of a
transparent substrate 1s, for example, used for inspecting
each end face of a TFT substrate 11 and a CF substrate 12 of

2 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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bal | nut 27 attached to the bottom face of the sliding
table 23. A y-axis servonotor 28 is connected to one

end of the y-axis ball screw 26 and rotates the

y-axis ball 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 tH4D029
pl ane of Figure 1) by the ¢t ation of the y-axis bal
screw 26 in the forward and reverse directions. 10 A

Pr%%FﬁeEB%ls 55 bBg%L 2 G%O"E}E‘%?Pdg ﬁ&%g%ﬁ%_r iBoRral
peoBEFALRIREA 90633 Fatichsfht 5L HReglEAS oo peee 22
P“’?E?e? g8’ tndlbiTashg lﬁbig' ?ﬁﬁ?h‘épgr P*&%i'gﬁoﬁébﬁﬁe“
prodiaeat s8napetBepdi chkatekio ghEné Dﬁxgu%t%' 2SCT BW %ﬁﬁe

and each of the y-axis gui rarls 25 provided o
rot8eshg24ablet b8! the Aasp18 ysaﬁassauyéfataaubSﬁZP%acea

colinear. Sliding blocks 34 respectively engage W
in &hkoxizxhBaljupdsiteibhs 32 so as to be slldable 20

X-axis ball screws 33 are bridged in a horizontal

positi on above the support 31 parallel to each of the

Xx-axis quide rails 32. The x-axis ball screws 33 '

r es pec Thee pptagigan dabileh 21- asicuvraibo I $hien @latfaa@wn)

attached to the - 20
display panel substrate 10 so that the display panel
substrate 10 is fixed in a horizontal position. The DD
motor 22 provided on the sliding table 23 has a rotating
axls in a vertical direction. The rotating table 21 is
rotated by the DD motor 22 around the vertical axis. The
rotating table 21 1s configured to support the display panel
substrate 10 so that the periphery of the placed display
panel substrate 10 is protruded into the outer circumference

of the rotating table 21,

The sliding table 23 on which the DD motor 22 is

‘provided is slidable along a palr of y-axis gulide rails 25

which are provided on the base 24 in parallel to each other.
A y-axls ball sorew 26 in parallel with each y-axis guide
rail is rotatably provided between the palr of y-axis quide

rails 25._‘The.y-axis ball screw 26 engages with a y-axis
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MDO29 sliding blocks 34. Optical system noving

servonotors 35 are respectively connected to ends of

the x-axis ball screws 33 |ocated distant from each

ot her. 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 reC|procated in both x-axis MDO29
directions (right and leftl®itections in Figure 1)

along the x-axle dlrectlon by the rotation of the

vt B A AR 1 9 sl 455 o g s
zs'ézia e&&gj acgﬁtv q:tl O%{jllgg?s %%% o gﬁ‘rggteg‘l g&lgfs the
y-afa3 BRI el 26 nd) el he R ol ne SRS BRAN, Shrawy 26 1o
forfiraBnd) kevdiad Nikpeitols tga?r”@regs"%?if*&a?ﬁ%&' "83 is

s1idcanenyl thy paiBOBL! 92998 LAIER 1393435740 g&g nSi des

of the TFT Substrate SubStr at
direbtibnsc@batkt aha Ebetdl a@!c@}ét%ﬁ%' %HE%H atg %Qrtical to

pl aced on the 20 rotating table 21. The 1nmaging regio
theoplanehoff FiLhareCh)Cbyethe, Qsthﬁipﬂ b&n ﬁﬁeo? ~-aRayt b&il

mmwith respect to the optical axis so that each of
screwe2€Chnciher fsrddrdaaniinegeecashddeahi0ng .

A support 31 13 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 palr of y-axis guide rails 32 is provided on
the support 31 along the directlon perpendicular to the y-
axis ball screw 26 and each of the y-axis guide ralls 25
provided on the base 24 so that the pair of y-axis guidas
rails 32 is colinear. 8liding blocks 34 respectively engage

with the x-axils guide raills 32 sc as to be slidable.

X-axis ball screws 33 gre brildged in a horizontal
position above the support 31 parallel to each of the X-axis
gulde rails 32, The x«axis ball screws 33 respectively

engage with x-axis ball nuts (not shown) attached to the
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- 21 MD029 face lie of the termnal section Ila in
the TFT substrate 11 and an end face 12e of the CF
substrate 12 of the display panel substrate 10. |nage
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 mage processing.

Epi -illum nating units 37 used when side edges at
both sides of the display pdhel substrate 10 are
respectively aligned wwth respect to a region to be

th aneras 36 wiith the optica
s11RG BI9ckE BN B R TR S O L RarIRBY taren 35 are
[ [ f e ras 36.,in.vertica
rashBBtiRe1s” coftfledrlln +0% anile ol ShenrsoRd sahebh BRdEmg 39
1 g I ol , ~lbrecti are.nespectively
0o8BBIdTRANE ELOR oath of RS ' MelBriBRAT SkEeH moyang
YOmMBesrE0B5D L k$C e O Sj of _on
serof t he sligingggﬁggévg%y ?Egsgkdgh eﬁngﬂggrggi%igﬁgﬁgs 33
in thanfbbﬁaﬁﬂhﬁﬁasbﬂﬁeﬁﬁetBEr@EEEPn§L'dTﬂgrngE ,3the
End-face illumnating units 39 for respectively
slidlhgnbhatksg3g0atrberesslpta68selosat BEtANxL Q1808 ractions
sides of the display panel substrate 10 placed on the
(rightaandglesibl difécatensr 2apPLtyuyel ¥) padvhgethat xtAgis
| ower ends of the connection blocks 38 so as to
direppiee bYietherretpbhohngfebbefmeaxis Ball screws 33 in

MD0O29

the forward and reverse directions.

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

The imaging region of each of the CCD cameras 36 is

a range of about 15 mm with respect to the optical axis so

that each of the CCD cameras 36 can image each of an end
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MDO29 Each of the end-face illumnating units 39 Is,
for exanple, nade up of a linear |light source
extending along the horizontal direction. In this
enbodi nent, each of the end-face illumnating units
39 is made up of a light 5 emtting diode (LED) array
in which a plurality of LEDs are arranged in a
hori zontal direction. Upper reflecting mirrors 41 forMD029
reflecting |ight enitted f4onthe end-face
illumnating units 39 toward the 10 end faces | ocated

coc 1 A erhEhaT B B B8 B mr B B
en 35, U3 iaP438) o BBl 25" RORLRER A o Sl
penk uBHTERLS, 102 SRRRKC A AGATAAN 19 SR 45 gl

26 181 EBPLIBASHS 88, ShagShoBhebiigCRYERITE (f rigore

Lower rteflecting mrr 0 I'ng

2) aﬁhttﬁénflﬁﬁthSaSEQdfﬂﬁep&Ehthﬁglhaa ﬂﬂhgglgggpggﬁﬁﬂg.

the 20 and faces | ocated above-t ower r

mrrors 42 are provided in a region below the and

faces. Each of lower reflecting mrrors 42 is, for

exanpl Epir-ddjentinstinanranged7 ajsedl dHdmaR e tat

5 mMto 30 mmfromthe optical, axis in a vertica
bothosidemnobf thachlisplapepan€lsubaheats 86 apd at 23
respectively aligned with respect to a regilon to be captured
by the CCD cameras 36 with the optical axes of the epi~
illuminating units 37 matched with the optical axis of the

CCD cameras 36 in vertical posltion are arranged.

Connection biocks 38 extending along the vertical
direction are respectively attached to the sliding blocks 34
such that one of the gonnection blocks 38 is connected to
one side of one of the sliding block 34, the s=ide being more
distant then the other side of the other gliding block 34.
End~face illuminating units 39 For regpectlvely illuminating
the end faces located on the both sides of the display panel
substrate 10 placed on the rotating table 21 are
respeotively provided et the lower ends of the connection

blocks 38 s0 as to oppose the corresponding end face.
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MD029 a di stance of about 5 mmto- 25 mmfromthe top
face of the display panel substrate 10. The upper
reflecting mrrors 41 function to reflect 5 |ight
emtted fromthe end-face illum nating units 39 and
thus illum nate the end faces of the display pane
substrate 10 |ocated bel ow the upper reflecting
mrrors 41. In the sane mq¥ the lower reflecting MD025
mrrors 42 function to ref light emtted fromthe
end-face illumnnating units 10 39 and thus illum nate

T'Q,?at: et oE ?‘{1| d B A R p A e ]3955& for
exeflp b onaaR o] BF) TAMIgAE, THORY, ARupES HxtEREL Al

theShatezshewn amréasmaﬁ 1. :Eaeﬂ%gf 8&.98&&@&&1& ﬁ&hﬁ%k”%e

mrrors 42 has a [ eng

enaaﬁsbengllﬁmiﬂatfﬁgleﬁita a9 1hnﬁhaaeg shal & ihgﬂe I n
Figure 1. Upper reflecting mrror rot tlng not

emitbingrdledan(LEbp wppsy 1aflmEthng ﬁlﬁf&iﬁtﬁlofrﬂﬂﬂs are
hori zontal 20 axes along the end faces of the display

arraeged tubsthoatbzdftabrdireapeehively connected to one
end of each of the upper reflecting mrrors 41. The
upper reflecting mrror rotating notors 43 rotate the
upper reflectln%pni[rors 41 by an angle of 10 to 40
wi t h r Eppest reflendingr migxiond Adctfioon reffilestin?/ 1ight
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 penel substrate 10 placed on the rotating
table 21. Each of the upper reflecting mirrors 41 is, for
example, respectively arranged at a distance of about 10 mm
to 60 mm fxom the optical axis in a vertical position of

egch of_the CCD cameras 36.

Lower reflecting mirrors 42 for reflecting light
emlitted from the end-face illuminating units 3% 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 & vertical position of each of the CCD cameras 36 and at
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MDO29 finely adjusting the direction of |ight
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 and faces of the
di spl ay panel substrate 10 are respectively connected
to one and of each of the Jower reflecting mrrors
42. The | ower reflectingnﬁqun rotating notors 44
rotate the lower 10 reflecting mrrors 42 by an angle
0,40 espe o . the Vertjcal direction,
a d?%EéRF%ng yag%ﬁgs%iﬁé ?hezgd egFPﬂn%bP FPghface o’ the
: egkhan- fq4phe lower reflecting mrror 42.

dlsgga#hgahg%eéan?¥gE i%g'nirror rotating notors 43
respectively are slid horizontally along the x-axis by
upper reflecting mrror sliding cylinders 45 so that
" the posipe f 439 &Y r (W
ot ors 45 oy he ARy e A0 sthigilod ¥k dHeot

lightfémitteq fromothael eldngadd £YLLNORAE149 GAT+RS39 ana
vertically nmoved by upper reflecting mftror raising

thusniilluminatg theienkdrsadéssot thé aﬂeplafzb&hemsﬁsstrate
the upper reflecting mrror sliding cylinders 45 can

10 lecatgdsheliow Ttee ugpper reéf bettimg miirosors atsi ngIANthe

| owering cylinders 46 are respectively attached to the
same way, The lower reflecting mirroxrs 42 function to

629

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 lnclination direction in an inclined state
shown in Figure 1. Each of the lower reflecting mirrors 42
has a length of 10 mm along the inclination direction in an

inclined state shown in Figure 1,

Upper reflecting mirror rotating motors 43 for

rotating the upper reflecting mirrors 41 around horizontal

- axes along the end faces of the display panel substrate 10

are respectively connected to one end of each of the upper

reflecting mirroxs 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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MDO29 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
Wi th the correspondi ng upper reflecting mrror
sliding cylinder 45, The |lower reflecting mrror MDO29
rotating notors 44 are resffectively slid horizontally
along the x-axis by lower 10 reflecting mrror sliding

21l SR Y e e pl"S‘ : gﬂ%ﬁfzcat%i%f't%ﬁ{ 508y sach
- or -8 o
of Bkl MR Pl B e S0 0 by over

reflecting mrror raising and |l owering cylinders 48
so that the 15 positions of the |ower reflecting

mrror 5t iehdssmd i SLower %Pﬁc%ﬁ%og Nfotating

| ower reflecting mrror raising an

mot&!hiﬂdeE%r4§o%EQithEﬁethﬁ%ﬁ* %EE&Q@%%@%@&&?%OFﬁe42

connection bl ocks 38 respectively att

aroand- haefzonkhlnaraki BJond the38nHOokaceaP8et ithe! Wispiay
illumnating the end 20 faces of the correspondi ng
pandilsphbgtpatel 1oubstr zbepidtively tbghectéactef ehe, end of
each of the lower reflecting mrror raising and
eacholr thg dpwendreslestingt mizkbysndRes The lower
corresponding lower reflecting mrror 42 together wth
ref{pagting BipEAY Agtrbine metpust ddgratater thei dower

cglinder 47.
reflacting 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 motoxrs 43 can he
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 siliding cylinders

45 can be adjusted. The upper reflecting mirror raising and

lowering cylinders 46 are respectively attached to the
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26 MD029 Figure 2 is a block diagramof a contro
systemof the inspection apparatus 1 for inspecting
an and face of a transparent substrate according to
the present invention. 5 Inmage data captured by the
CCD caneras 36 is input to the inmage processing unit
51 so that the inage data captured by the CCD caneras
36 is subjected to i nege processing in the image MDO29
processing unit 51. The out$ut™ of the image processing
unit 51 is output to a control unit 52. The 10 contro

' respegtivel ontrols . the DD notor 22, the
s114%hby, BIoERIOTA, 1Pesket Abogs: thr cepzeaRpReinmg upper

t , sk he =i llumnating units 37, the
ref%%%é? e@ﬁ%gP?§g4&ﬁir?§?ngP§ ana 8¥st%§,uPR@rlomer

i N akLi,R03 4 p
refLEprE8p; Ad=Tbt hioiAl RhR0u BRI g oy L3 REHRERR o,

i Ll S I L.n ' S
Mt e A e e A R L S R T
41 tbgetR¥erwiehl ehbi : b n . hg9

e RN R R e e R s
slidingcéylenddesasi bed above can sinul taneously inspect

each end face |ocated at both sides of the display

panel substrate 10. In the inspection apparatus 1 for

i nspecting an end face of a transparent substrate
accor dihg tlowsxe nefdecting wentricon rotating motors 44 are

respectively slid horizontally along the x-axis by lowexr
reflecting mirror siiding cylinders 47 so that the positions
of the lower reflecting mirror rotating motors 44 can be

adjusted. Furthermore, the lower reflecting mirror sliding

- ¢ylinders 47 can be vertically moved by lower reflecting

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

corresponding lower reflecting mirror sliding cylinder 47.
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- 27 MD029 first, the target display panel substrate
10 to be inspected is placed on the rotating table
21. The display panel substrate 10 placed on the
rotating table 21 is fixed on the rotating table 21
by vacuum holding in a horizontal position 5 so that

the outer periphery of the placed display pane
substrate 10 is protruded out of the circunference ofMP029
the rotating table 21. We® the display panel
substrate 10 is fixed on the 10 rotating table 21,
then the control unit 52 controls the y axi S
servonotor 28 and the DD notor 22 to adjust the

o1t Pt Higlh GG ot K ad G /e oe
Bk i S E e o L L R

trah@patbht babkerdte hBcbPasngt EBethBhﬁ;é%QtQ%E ;’#ﬁ&hh?é.

turns on the epi-illumnating units um na

Imagdedabagtagtieddopg tﬁadccbecaﬁéi-akiﬂﬂf nﬂﬁ P&%ﬂ’é’ tBCthe

correspondi ng CCD caneras 36 20 wt i ght nmage data

imagé pbheceasingfunbtnBlsseathatethlyimbde &&khCasBtasedCpy
is supplied to the inmage processing unit 51, and the
the | GRRecamenas s36 his subjected to Lnage processing. in the
Based on the results of inmage processing perfornmed by
imege, ProeesRing cartti fY. urThe autpht cBHnthel immie 52
drives the
processing unit 51 is output to a control unit 52. The
control unit 52 respectively controls the DD motor 22, the
Y-axis servomotor 28, the optical system moving servomotors
35, the epi-llluminating units 37, the upper reflecting
mirror rotating motors 43, the lower reflecting mirror
rotating motors 44, the upper reflecting mirror sliding
cylinders 45, the upper reflecting mirror raising and
lowering cylinders 46, the lower reflecting mirror sliding
cylinders 47, and the lower reflecting mirror ralsing and

lowering cylinder 48.

The inspection apparatus 1 having the structurs
described above ¢an simultaneously inspect each end Fface
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 MD029 optical system noving servonotors 35

provi ded 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

table 21 respectively match the centers of the

| magi ng regi ons of the CCD cameras 36. Wien the pair MD029
of corners of the dlsplay'ﬁ%he1 substrate 10
respectively match the centers of the imaging 10

=1<HE0 FFR oS AR SAT BB TSRl TaR iy B enspoctes
o PLEPeRCenoshe Poraethhy shyis Aic The afabiav.pane L ne
subftEt8Y18°Paced B! tABS rhlakiie LBIL 1" 82508 on the

rothhﬁny tabiLa ﬁffﬂg”% uﬁshbid‘iﬁ S¢n! Heh{:?ﬂ%@ﬁlt ﬁgsiuon

21 supporting pl ay pane Substra

B0 ﬂhﬂﬁgthéeoﬁtéﬁ'ﬁeﬁﬂﬁherﬁuﬁfnﬂhkhbiagg&'&ﬂsPiQ?tgan

end-face illumnating units 39 afe inte
substratd D0 bé prevebesdi o€ bet ehuabsroNhEbfentBCos the
end-face illumnating units 39 are on, the state of

rotatthg tébldée2knd faces at both sides of t he displ ay
panel substrate 10 is inspected based on the inmges

captured by
When the display panel substrate 10 1s f£ixed on the

rotating table 21, then the contzol 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 palr of corners of the fized 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 pailr of corners captured by

the CCD cameras 36 is supplied to the image processing unit
51, end 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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the CCD caneras 36. .. 29 NMD029 As shown in Figure

13, the inspection apparatus | for inspecting an end

face of a transparent substrate according to the

present invention can sinultaneously 5 inspect both

the end face Il e adjacent to the termnal section 1la

of the TFT substrate 11 and the end face 12e of the

Cr substrate 12 in the display panel substrate 10 andM4D02%
both the other end face of 4the TFT substrate 11 and

the other end face of the Cr substrate 12 at a side

on 348, SUEAR iR el i B,
cupPe8el 30 thB Y03 6258 RRR0:00! BBl FRACR " Hhromsga oo
aa3§8¥! KBlsobbe u8ices 1R’ CLLAELhROCEVIEOEy B0 G20l

| beli BBrhbegkse34nan r ' b
sess] o, S0shbes ‘e o Mab oy pshes SHLEELARH B oo o

theuppeatinyl €abiag21i £68HebRiebNg RREchOVEE Lnder
46 to adjust the verti%al posi?ioﬁggﬁd%ﬁﬁeEGESXEb 82" tne

imagbegtreglionst b yhexceDdcamerhgnagef{ each of the upper

reflecting mrrors 41 and the upper reflecting mrror

rotating notors 43 is respectively rotated on a

hori zontal axis along the y-axis direction to adjust

t he di Waenh dheopalr of corners of the display panel
substrate 10 respectively match tha centers of the imaging
regions of the CCD cameras 36, then the end-face
iliuminating units 39 integrally attached to the sliding
blocks 34 with the connection blocks 38 therebetween
respectively oppose the end faces of the display panel

substrate 10 fixed on the rotating table 21.

In this state, the control unit 52 drives the y-
axis servomotor 28 to cause the rotating table 21 supporting
the display panel substrate 10 to move along the y-axis and,
during this moving, the end-face illuminating units 39 are

intermittently turned on at predetermined intervals. While

the end-face illuminating units 39 are on, the state of sach

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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light reflection. Therefore, the light emtted from
the - 30 MD029 end-face illumnating units 39 and
reflected fromthe upper reflecting mrrors 41 is
respectively illum nated on the inmaging region of the
CCD caneras 36 including the end faces and their
vicinity at both sides of the display substrate 10,

Mor eover, based on the |naqf data captured by the ccf029
caneras 36, the control 52 drives the | ower
reflecting mrror raising and | owering cylinders 48
and the lower reflecting mrror sliding cylinders 47,
whi ch are 10 respectively attached to the sliding

L b .
forOEPFgSc¥1ﬁ§'§ndbhﬁpz g% EaEFaﬂg StrﬁFPror

ctlng mrrors

accaeaahgnqonEBQrﬁrégeh§ &ﬁ%QﬁEEbﬁeh nrgiﬁhi@aﬁgoﬁglés

hori zontal axis along t axis direction
inspbet BbtACthaneal bhaEt1uefh&95beﬁt IBeﬁﬁEOESrmiﬂﬁl

[ight emtted fromthe end-face illumnating units 39
secthdnr tlheofethér DFT bhbskeute LefhRat the BhA' eheelizbSof
respectively illumnated on the inmaging region of the

the(CP subetmat8612nthuthegdibpldy padelacedsepdtiehgdr and
vicinity at both sides of the display substrate 10.
both the other end face of the TPT substrate 11 and the
other end face of the CF substrate 12 at a silde edge
opposite to another side end of the display panel substrate

10 where the terminal section lla is provided.

In this case, based on the image data captured by
the CCD cameras 36, the control unit 52 controls the upper
reflecting mirror raising and lowering cylinders 46
respectively attached to the sliding blocks 34 and the upper
reflecting mirror sliding cylinders 45 respectlvely attached
to the upper reflecting mirror raising and lowering
cylinders 46 to adjust the vertical position and the
position in the y-axis direction of each of the upper
reflecting mirrors 41 and the upper reflecting mirror
rotating motors 43 1s respectively rotated on a horizontal
axls along the. y-axis direction to adjust the direction of

light reflection. Thereforse, the light emitted from the
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When each of the end-face illumnating units 39
respectively is turned on, light emtted fromeach of

the - 31 MD029 end-face illumnating units 39 and

refl ected fromeach of the correspondi ng | ower

reflecting mrrors 42 is respectively illumnated on

each and face of the display panel substrate P.O

Then, the sight reflected fromeach of 5 the end f acedp023

is captured by the correéb&ﬁbfhg CCD caneras 36.
Light that is respectively reflected fromeach of the

end?ﬁé%e%ﬁ%fzﬂ%_‘gé@%f@; RR2ES 4 bhgl LedTalRed ga‘%gmg%ﬁgnﬁiw
o e Axkhoh' 41°0horbE b0 D b1t s BRohOEES
ima&Qﬁg'kGBlohhag %ﬁgfgébesaﬁ fgaoaktmﬁcﬂaaﬁgg ggg'gggiegces

mrrors 41 an ower reflecting mrro

andt BRB1kOVAeiheehedtl HePneaAaeRf &ﬂ‘%&g‘%ﬁﬁiﬁ Yudd¥rdis 10,

di spl ay panel sSubstrate 10, if no eat,” such as a
chipping, 1is present in the end faces of the display
panel substrate 10,. the intensity of |ight received
by theMoERovargr Imstd ich theSimile ddbee\@iptured by the
defect, such as a chipping, is present in the end
CCDfoameras hd6i nthastogytodl | ught B2céirivesbyh&0lbéker CCD

caneras 36 becones higher due to the diffused
reflesting i Bhroer| rahsing and leveringocylinders 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
the lower reflecting mirrors 42 and the lower reflecting
mirror rotating motors 44 1is respectively rotated on a
horizontal axis along the y-axis direction to adjust the
direction of light reflection. Therefore, the light emitted
from the end-face illuminating units 39 and reflected from
the lower reflecting mirrors 41 is regpectively illuminated

on the imaging region of the CCD cameras 36 including the

_end faces and their viecinity at both sides of the disgplay

gubstrate 10.

When each of the end-face illuminating units 39

.raapectively i1z turned on, light emitted from each of the
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In the case when the term nal section of the display

panel substrate 10 is inspected, the inmaging region -

32 MD029 of each of the CCD caneras 36 includes both

the and face lie adjacent to the termi nal Section-1la

of the TFT substrate 11 and the end face 12e adjacent

to the termnal section 1lla of the CF substrate in

the di splay panel substrate 10 and i mage 5 processmdMD029

to be performed by the |na§5'proce55|ng unit 51 can
be sw tched dependi ng on whether to choose betmeen the

enaC33el 1140eRaROLE LHG BNl 265 L83 ﬁ S S

tnefESErhhﬁoﬁaﬂng I6wERIrbaiRchify fudzbeg! gd 110 I U s

3 and 47are a°f omnn a pro for image

res éeE§%§19gim£&ﬁ§ﬁH€de¥ntEﬁch”@ﬂﬁ Eaeseag gﬂeuakag;é}-

ince i mage processing of I mages captureé

panéllesubsbreeaeLaS 30hbs, thﬁesaaghesfakﬂaceéat Bof! Esgn of

one of the 15 CCD caneras 36 mage processi ng

theocendofable (EDcapeiPeasoPoths SS§ﬁékﬁsﬂa§ﬁbomcD'BaﬁEﬁas
flowmharts of Figures 3 and 4, inspecting both an end

36. f abkghtij thebtis oréspectevelpatestetted fremotatheo Fihe
substrate 11, and an and face adjacent to the

upperrneflectioyintriéns odlthe (Flsminatedecod2e26hi 6ft e
di spl ay panel substrate 10 is set in advance. In

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 1s reflected from the upper
reflecting mirrors 41 and the lower reflecting mirrors 42
and then is reflected from each of the end faces of the
display panel substrate 10, 1f no defsct, 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
congtant. However, if a defect, such as a chipping, is
present 1ln the end faces, the intengilty 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 thae terminal section of the

display panel substrate 10 is inspected, the imaging region
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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). 33 MDR9 Figure 5 shows one exanple of an inage
captured by the CCD canera 36 in this case. \Wen the

end face Ile and the end face 12e adjacent to the
termnal section 11a of the_ TFT substrate 11 in the MP029
di spl ay panel substrate 103% ¢ 5 respectively

illTumnated with Iight reflected fromthe upper

o 855 Mot koo AL EEHG BTl e 100
sasabo? 981 PEL- coshiladoRgERbRTLRg, ok HHECHER Bt iliee 13
and’ eﬁbes&adfaaaﬁlsacageégagﬁeeg%ﬁgcn%%.gi%f %Egﬁigﬁ §7d of

face 12e 1's capture a

theceﬂsbaﬁétfﬂfénﬁﬁtt’heA_&iéﬁfﬁyh?ﬁhQQ LO6sEPdtbo88 Lh8 image
as its center and a fixed wd IS set as an | nmage

ProPe2sengi B¢ bEOpORLHAMS4OBE the Qﬂﬂ?éaﬁfoééﬁsiﬁgduﬁﬂt 51
area having the end face 12e as its center and a

canfbaeswitchéd i dejéndthgasn anhetBEE P OCKSSEHTbEERLEN TRe
along the end face 12e. In the case when one of the

casentn felzich | botimdthdcendnfla¢ackld 2end sthe t endefabor12e are
i nspection instead of both the end faces |ie and 12e
detegiad cAndttheteest din wilcheonerof nthe 28ndctacenllé aand

in the displ-ay panel substrate 10, the
the end face 1l2a’isg detected.

Figures 3 and 4 are a flowchart ghowing a procedure
for imege processing performed by the image processing unit
51. Since image processing of images captured by one of the
CCD cameras 36 is the same as that of the other one of the
CCD cameras 36, the image processing by one of the CCD
cameras 36 1s described below. In the flowcharts of Figures

3 and 4, inspecting both an end Face adjacent to the

terminal section 11la of the TFT substrate 11 and an end face

adjaecent to the terminal section 1la of the CF substrate 12
in the display panel substrate 10 iz set in advance. In

this case, two image processing regions A corresponding %o

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. - 34 MD029 Wen the inmage
processing region Ais set, as shown in Figure 6(a),
pi xel s that receive light whose intensity has a
predeterm ned | evel or above within the set imge
processing region A are &xtacted, and the total
nunber of 5 extracted pixels is counted (step S2). In

h i densi f each pi xel
i1 1y 43 s o S e
ch CBPLSAILESG, Boeh 1o BEARD B FEA RGPS o
j i I ' he, 10
theeéﬂ&?fés Piéeﬁagééeﬁﬁgﬁéeg%e Pefﬁ?@éf.?ég%éoé f1a or tne

pl xel s that rece ose | ntensl

' { | ' LthaDb K.
rrIRAGBEESEL et ke LRy il i eety o

respEeively 1PlemDhREEs S ItRCLgheVRbEPEcERACEES the upper
repeated every tinme the end-face illTumnating unit é%p

reflecthigrmittent4y awdnele oTowd® YETeétEng GhBlrHH"RE by
of pixels receiving light whose intensity is a

turpingl cthe nembdf dee el 1 bumimatlng tdnit (3% on /B0E no defect,
processing region Ais counted, then the x and y

suck @8 it ehippilg eath pfesént plxetise havd nEr@e 1le and the

predet er m ned
end face 12e, the light reflec¢ted from each of the end face

MD029

lie and the end face 12e 1s captured by the CCD camera 36
with a constant intensity. An area having the end face lle
as 1ts center and a fixed width is set as an image
processing reglon Al along the end face 1lle, and an area
having the end face 1l2e as its center and a fixed width is

set as an lmage processing region A2 aleng the end face 12e.

In the case when one of the end face lle and the
end face 12e is a target For inspection instead of both the
end faces lle and 1l2e located at both zides of the terminal

section 1lla in the display panel substrate 10, the

- corresponding one of the image processing reglions Al and A2

ls 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 53). Wen the

x and y coordi nates 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 coordinate - 35 MD029

based on the identified x and y coordi nates havi ng a MP029
predet ermi ned density or Tot®(step S4). Then, based on
the results of the counting, a histogramis created,

h ' 6(b). 5 he hi [
o7 ot od Mo (1118 iS5 Sl oRAIng FIUARR o 7Ry 2oty 98 shown
' f hi t f | xel 1t h
tn EIBNERORNERsabRlay SRAF" kaPUTRR Afonil vjosk dntpadecy

haadat§EEHE%€rm&H%d”!E?§EeGE Bb%GheSw &%gpaﬁﬂgfggﬁigﬁggggt

10 density or nore maxi mum nu

probBQslngggg??bgﬁgeaEﬁ E&EFEGEE&? Qﬁdatﬂﬁe%ﬁka&agpgber of

(e.g., the value Is"set as a threSh

tpebed pixalxels cBuf . Thgn S In
= Fi gure g(%), an x cgosgsng?ggsegﬁ?BitFﬁgof EF ?Egﬁs, the

imagant@ensitypofebach phxalpeefstetiting inag8naht¥ Shptured
nore 18 larger than the threshold nunber 02 pixels™is

by ther@Chedanerep366ls detéimined/(plxredk hBeihfr ae

| ocations for x coordinates, 100, 101, and 110, the
predeheonined density or more are extracted, and the total
number of extracted pizels 13 counted. In Figure 6(a), the
pixels that receive light whose 1ntensity iz a predetermined
level or more are filled in with black. The extraction of
pixels receiving light whose intensity is a predetermined

level or more. is repeated every time the end-face

1lluminating unit 39 1s intermittently turned on.

When the total number of pixels receiving light

whose Iintensity is a predetermined level or more within the

image processing region A is counted, then the x and N4

coordinates of each of the pixels having e predetermined
density or more are identified (step §3). When the x and Y
coordinates of each pixel having a predeteimined density or
more are identified, then the number of pixels with a
predetermined density or more within the image processing

reglon A along the y-axis is counted for each x coordinate .
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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,
the absolute value of the difference (nl-n2) between
the - 36 MD029 nunber n3, of pixels with a
predet erm ned density or 7otk At each of the
extracted x coordi nates and the nunber n2, of pixels

vasdt, 8A BHLT TARLCE A3 & BR6Cy Spokasnatl e, b7
o SRR APt e BT, e e
rea%i@ép goghanﬁoﬁﬁging% ﬁ?%@SE a3 gX c%%g%g§2?§$ﬁgpggn in

ract

Figh®eSE(byS a candidate for the coordi nates at which an

end face to be targeted for 10 inspection is |ocated.

Then, the di stance between the two Xx-coordi nates,

whi ch are considered as the candidates for the

| ocat i Gihedi HHee IEtdRG fiss craud PR thH way, as shown

processi ng descri bed above is sequentially 15
in Pigaven®(apvean ki ceordtnabd- fagethbl Highaktngunbe: 89

is turned on at predetermned intervals. Wen the X
pixels with a predetermined density or more along the y-axls

MDQ29

is determined, the number of pixels with a2 predetermined
density or more (the maximum number n of pixels) at the x
coordinate ig multiplied by a preset ratlo (e.g., 60%), and
the value 1s set as a threshold number of pixels (0.6n)
(step S5). Then, ag shown in Figure 7(b), an x ccordinate

exhibiting that the numbexr of pixels with a predetermined

. density or more is larger than the threshold number of

pixels 1s extracted (step 86). 1In Figure 7(b), at the three
locations for x coordinates, 100, 101, and 110, the number
of pixrels with a predetermined density or more 1is larger

than the threshold number of pixels,

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

the absolute value of the difference (nl-n2) between the
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coordi nates consi dered as the candi dates for the and
face to .be targeted for inspection and the distance
between the two x coordi nates considered 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
conmpared with each sequentially obtained average MDO29
val ues (moving average val u¥s)= (step 59). - 37 MD029

If the x coordinates considered as the candi dates for

b, 5 SEPAE SR i BAEGE Rl L pore o
O il o S e
P BB acHBLURE" 2Bk AL (4 89044 Y1 n . (s

stepaBIChAlrhahrbnaNeChal 208 ! BROLAIRALALCLY RRELHONRLY

palpulated X coordi nate consi € cah
caltGlhted BLESRLehallssREA hﬁﬁsegéooEMBiﬂgisfEﬁpiaégar
0

t he obtai ned x coordi nates are deterni ne

thanephesethetbeakacaktoacebal hergnpigase yenhe 18698h80110
for inspection (step SIO. If the x coordi nates

arecentrdeted as xhecondthddbes(stépfes)t hernes, f@aent 8¢ tne
be targeted for inspection and the di stance between
extraetedoxxceovdinpbessisonsstdescad eandbdate 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, 1s calculated,.

The processing described above is sequentially

performed every time the end-face illuminating unit 39 ig

- turned on at predetermined intexrvals. When the x

coordinates considered as the candlidates for the end face to

be targeted for inspection and the distance between the two

% coordinates consldered as the candidates are sequentially

calculated every time the end-face illuminating unit 39 1is
turned on, then the results of the calculation are
respectively compared with each sequentially obtained

average values (moving average values) (step S9).
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candi dates are not within the preset range wth

respect to the noving average values, it is

determined that a defeat, such as a chipping, has
occurred in the end face and its .20 affect is present

in an I mge. Therefore, the obtained x .coordinates

are not enployed as the location of the end 2ace, and

a defect inspection is performed using the mean val ug¥b029
of the x coordinates that ¥ave al ready been obtai ned

or the location of the and face determned at the

gz)g\r/idiona g:shs:agrxei | (ngﬁﬁrﬁ%gﬁf 21'%%‘2%9 re&?rbdtéﬁﬂneiﬁi?%d:%d"dates
dj d i h | [
£ox; PRECLHE! £3c8" ol'Bh oL IBRROFbEDIRRRRELLOR an - Bhep!
t t i i . thi
a1s¥8¥ce ! BEByBoCtRE! L8 RCERLAALLALEE LERTEHornal AY Fne

canlQahbes 886 ﬁﬂgp&éﬁfveigrgﬁthﬂndﬁfﬁfgségsgﬁﬁh%gﬂiFﬂe

region is set. Figure ows the"case in

regpadtf B6ethe emadinge AR Nhe SEEE]
gf the TFT subst?gtgﬁﬁ%ggﬁgv%ﬂgeéeﬁgafg%% ?ggfg?e#hg

betwbes ubstabteldPedin dbordifatdychnselersabssr she 10

are both targeted for inspection. In this case,
candibdates | fispethé omnd efpoast®lbé ota¥get€d SEér inspected and

respectively along both sides of the set end faces. 15
the immediately previously calculated x coordinate
considered as the candidates is in a preset range when these
two are compared, the obtained x coordinates are determined
to represent the location of the end face to be targeted for

inspection (step 810).

If the x coordinates considered as the candidates

for the end face to be targeted for inspection and the

distance between the two x coordinates considered as the
candidates are not within the preset range with respect to
the moving average values, it is determined that a defect,
such as a ¢hipping, has occurred in the end face and it=s
effect 1s present in an image. Therefore, the obtained x
coordinates are not employed as the location of the end face,
and a defect inspection 1s performed using the mean value of

the x coordinates that have already been obtained or the

location of the end face determined at the previous
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The defect inspection region D1 set outside the and
face Ile of the TFT substrate 11 is set in order to
detect a convex defect portion protruding fromthe
end face lie of the TFT substrate 11. The defect
I nspection region D2 set 20 inside the end face Ile of
the TFT substrate 11 is set in order to detect a
concave defect portion for the end face Ile of the MD029
TFT substrate 11. Similariy® the defect inspection
region D3 set outside the end face 12e of the CF

ins ub%%eﬁte 12 is set in order to detect a convex defect
Bgc 29 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

The andTEacaR2 Hoeeta il BE dHaRE A0 S e

ideﬁﬁifféd'ﬂSESSEHQHaESG'Qfﬁy&éﬁeﬁﬂinggg}BeQe#PeséH?.the

confi guratl on TESDECt | ve settl ng ect nspec
locaBYbANSE 2kh@ObRaSEEes €6 BaChaphetbs f?f’ iﬁSﬁéctE@ﬁ in

exanple, 10 if inspecting a concave ect portionis
thiBOokapeCEeR' &, d@Bect NihBE=68$6n1 Is V\Béfﬁofﬁ&dendrﬁ afR1s
Ile of the TFT substrate 11 is subjected t
casehand eshown 1in FhgunaecspssSer yekampbs, tﬁﬂhdﬁéﬁ?éct to the
i nspection region D2 inside the end face 1le of the
set Tmﬂ skee s afbrdtl, &Fuiefectoimspeetion ragpentignset,
regi ons
Figure 8 shows the case in which the end face lle adjacent

to the terminal section 1la 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 ocase,

~defect inspection reglons D1 to D4 are set respectively

along both sides of the set end faces.

The defect inspection region D1 set outside the end

face lle of the TFT substrate 1l is set in order to detect a

convex defect portion protruding from the end face 1lle of

the TFT substrate 1ll. The defect inspection region D2 set

~Ingide the end face 1lle of the TFT substrate 11 is set in

order to detect a concave defect portion for the end face
lle of the TFT substrate 11, Similarly, the defect

inspection region D3 set outside the end face 12e of the CF

- substrate 12 is get in order to detect a convex defect
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15 are not |limted to the configuration respectively
setting defect inspection regions at both sides of
each of the and faces and one defect inspection
region for each and 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 than a defect |nspect|o%D°29
processing for each and fa Ts perfornmed. Figure 9

is a flowhart show ng a procedure for the defect

porytshepb eyl esp ST SRR LA oo B Bupperace

12.397hs dbgéﬁﬁd ﬁlﬁ %t%ﬁd?hﬁ%ﬂ}unﬁq ﬁatgeéﬁﬁﬁéﬁ Séﬁs%&‘} face

I nspected whet an 1s hat

12e( bef enbedrt Qubstrh?@d1BO4 LI QA 4§ B aéﬁnko'ﬁeggﬁesgt

defect inspection 5 regions. Then, every

concavaeaéfaatrgereaontbsrtehaleHEWESEeO 2b2B8 Eﬁ&tbﬁns
the area of each land portion, and e maxi num val ue

subabdataelfini num val ue of the x coordlnates and the

maxi mum val ue and the m nimumvalue of the y

coordi nates in each Iand portion are calcul ated (see

10 step S31 in Figure 9, and the sanme applies to

bel ow) Thiese defants dnspeert inn aregipors iame \woas dixited to

in each defect inspection region is smaller than a
the gerkiguration respectively setting defect inspection
regions at both sides of esach of the end faces. For example,
if inspecting a concave defect portion is not necessary, as
in the case in which the end face lle of the TFT substrate
11 is subjected to chamfering, it 1s unnecessary to set the
defect inspection region D2 inside the end face 1lle 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 g0 that the end face is located in the center of the

defect inspection region.

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

for the defect imspection. 1In 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 land 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 MD023
detected in each defect |n§%%dtlon region, then the

di stance between the | and portion and the and face is

o AR e A ié&%llﬁv’a&&%’#ﬁ%°§#ess .
et e iR B

whekﬁeﬂtaﬂ 2k1hka @ﬁh? ﬁhgeﬁ Pﬁghtﬁ% Eﬁ%g gﬁgfgkﬁe ° 8§

shown in Fi gure ere |ons etween

1anaa§ertianqndsegeasbﬁediﬁ0Ehh0eeE h&feee'iphﬁhﬁﬁiBﬁsed

on the maxi mum val ue. and m ni nrum val ue o

regi.onsdi n@hea,i Bokheve ddagébtomna QcEHSanSQ%BH'n%hS
of the end face-1la. 10 Figures 1 show

totahenumberi nfwland poetivneqortienadr@iof hadd it Gortion,
lie is |ocated between the maxi num val ue and the
andnthe npaximbigevaluehand tberminamem valusdheof! ghd x
portion L. Figure 10(b) shows the case in which
coordinates and the maximum value and the minimum value of
the y cocordinates in each land portion are calculatad {32a

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 presst
threshold, the land portion is not identified as a target
land portion. Therefore, such a small land portion is
determined not to be targeted for the subsequent processing

(step B832).

In the case in which a land portion having a
predetermined size or more is present in each defect-
inspection reglon (step S833), 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 B34). Figures 10(a) to (¢) 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 lie. In each case,

the distance LA between the maxi num val ue of the x
coordinates in the Iland portion L and the end face

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

the x coordinates in the land 20 portion L and the endP02%
face Ile are cal cul ated. “Ten," the |ocation of the

| and portion L with respect to the end face 1,1e is

ook {§5hY FRARERERSE BB B SR o e =
wun§pleyk?5 LS, 80! e ELIVE MEhE AR P L
snofBOERo"S0oA0Es| BETLARTA ELALLATSD.BRALELLRCE 80R oe

theV@id hea Pikhe A¥D§ng§gg§ﬁhFﬂsﬁgstloi-Ege Bo£QREBYER1p

defect or a convex d s irdentified for eac

betvesd PR&!EAA DBASEULLE ARG eHEhethnlNSELELLANLI §giON in
whi ch each land portion is detected. Furthernore, the

calcsutetedl bagbddefethe imaxifent valad Rasedinimbhevaled of
of each land portion, and the 10 depth of a concave

the def eeording bes abmuthe ofamd oporsion afdathe owveésodeifste
is identified based on the di stance between each | and

of theteod Bacethbeend face (step S35).

Figures 10(a) and 10(c¢) show the case in which the
¥ 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) shpws the ¢ase in which
both the maximum value and the minimum value of the x
coordinates in the land portion I are larger than the x
coordinate of the end face llae. In each case, the distance
LA between the maximum value of the x coordinates in the
land portion L and the end face 1le and the distance LB
between the minimum value of the x coordinates in the land
portion L and the end face lle are calculated. Then, the.
location of the land portion L with respect to the end face
ile 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). If the 20 existing defect Is
not within the allowable Tatfye, the target display
panel substrate 10 to be inspected is determned to
egt,i p c 37). If the existing
coogg%gggggsi%i¥ Fni?ﬂg'gP%g%gﬁl ‘range, the target
di spl ay panel substrate 10 to be inspected is
determined to - 43 be a quality product (step 538).

VD029 i oy f 0 of
W the '1%%%:%18 :‘onlatttLl.’gnﬁgaao be%e[r?ceeasch land

corresponding to two si ay pane

portubat &A8etRE 8naS£eEEPhPLCUALALERL SR Ny hbe
rotating table 21 on which the diép?%% Eg%§|W59. then

thestigserafeedbhi depbotediand, f aXednkave NBELECE NoP! CEohPex
return to the starting position and is rotated by 900
defegbuntst bdentifiedl foxi eabl LandDporoies Bdsedass €ash
sliding block 34 is noved based on data of, for 10
defeqbtnprepechion regbént te whichagaghnbind upstthbr 18.
Thereafter, inspection for the pair of end faces
detegiedspdiarteermoree tkenhiaget wach diefedt t he

di spl a
1dentifiéd based on the area of each land portion, and the

MDO29

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 §35).

Thereafter, based on the type, the size, and the

‘depth or the amount of protrusion of the existing defect, it

1s determined whether the defect is within an allowable
range, i.e., whether the detected defect is allowable by
comparing the slze preset for the type of the defect with
tha‘depth or the amount of protrusion (step 836). If the
existing defect is not within the allowable range, the
target display panel substrate 10 to be inspected is
determined to be a defective product (step 837). If the
existing defect is within the allowable xrange, the target

dlsplay panel substrate 10 to be inspected is determined to
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panel substrate 10 is performed by the sanme inspection

met hod as that described above. 1s For the inspection

for end faces corresponding to the four sides of the

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, jnspecting an end face ofMP029
a transparent substrate actording to the present

i nvention as described above. .Illlumnating the end
pe §AGES 1V NpRokiy @Rt Lit 44 NMDO29 fromthe

epﬁﬁ-}%%gnan?H%EUA??E§7§ gpﬁg turned on

intermttently while the end-face illumnating unit

39, which is turned on at predeterm ned intervals

dur | N9 Wrele R4 afkghlotafh (RECShd DAL o P hddl

Figure 11, 5 detecting an intensit

corregbéndihl tbetPbD:=18a5Ch8 Bhe Qﬂgﬁﬂ§¥fﬁﬁﬂgﬂgsﬁﬂstrate 10
i nspection for the end faces of the Transparent

ls cohpleneteé by thessway, "ehbAdtAe LHeatiRgetaBL8C2ESbRY
_method described above increase the directions of

whichgthe disphavapanebnstubeteatef n0essoplabedadanal 8¥xed is
panel 10 substrate. This inproves the accuracy of

moverdt tt ¢rderictecretune clor thei stahbingdpéstetonf ahdeis
diﬁglag gapel substrat e,

rotated b 0" 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 1s performed by the same inspection

method a8 that described above.

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

above,

Illuminating the end faces wilth 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 illumnating 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 epl-lﬁ um natng unit 37 and the

end-face illumnating wunit 39 or an inspection that
oRe& sQfy 1t t ' nd _t he
o SR roepi (i un eng bel® 3 B rdbeB P . 4o

mtum.afetamqg 160 t&g}@aahag Eﬁg&g@%@%&ﬁﬁg Q,}ait 39,

| um nating the end face o

whi&hbs.isr 2uendd oW &k gh»ed@tmlﬁ%t ﬁ@em'.ﬂﬁ; tﬁﬁgg , g face

illum nating unit 9 is the Inverse of t nmages

insphbaibadoly enldl Eaceal i ng 5fEh&saBﬁoﬁﬁCQno?ikﬂ%edhiplay
panel substrate 10 with the Ilight emtted fromthe

deteptinglanlnntagsmnyt037ththeEE&&Qedp&QQEESWEQh the CCD
procedures for both illumnating are slightly

cameraf @6enanfr perferninghan. 1h8pBotibar forethenegdn€babs of
after the gap between the TFT substrate 11 and the CF

thestpanspavent pubsirabd byt hhel sgmpdmethistiaks, thackhmage
edge of the end faces of the TFT

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 1n the end faces of the display panel substratae,

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
eagsy to be detected by the epil-illuminatng vnit 37 are
different from those by the end-face 1lluminating unit 39
and that defects o¢curring vary depending on the material
used in the glass substrate, an inspection that uses both

the epl-iliuminatng unit 37 and the end-face 1liuminating

- unit 39 or an lnspection that uses one of the epli-

illuminatng unit 37 and the end-face 1lluminating unit 39

can be selected.
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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 |ink described above is renoved and

the edge of the termnal sectionilais subjected to
chanfering, it is necessary to check whether the edg¥P029

is reliably subjected to %Hﬁﬁféring by a 20
predeterm ned anmount in order to fully renove the

h | ' h, of h edge.
Fi gur o 1978 W ot dE iFe Miaden Aiftisa B °0°
| Pehdir iy 29 ¢
118G TnrlRnPebEd; oF MHEDeern T Rk PuBRtspts 10
t [ ' f
T P or o P ar 88, Roofl sl SRC el LTI uni

39 disSphay iRYeekeSdESthateokl 1indgaPbthefleliOby 111uminating
chanfering. In Figure 12, the ep|-|IIun1nachg uni ts,

thatpaanaaaebfrehbeaLbﬁmayiEaﬁbi,shBatka£@r1be%h%ﬁtEﬁQ
mrrors, the driving nechanismfor adjusting the

lightsemithednfronethagepl-ofilenthathgt GAIEPBY, the image
reflecting mrrors and the lower reflecting mrrors
progegsinirt bedcedumesi forebéthndliundnetiffDareastianith
is added. 10 For the inspection for the amount of
difEenentr frgm each other,

Furthermore, in general, after the gap between the
TPT substrate 11 and the CF substrate 12 is filled with
liquid crystals, sach edge of the end faces of the TFT
substrate 11 and the CF substrate 12 iz, for example,
subjected to chamfering by wet grinding with grind stones or
illuminating each edge of the end faces with a2 laser beam.
In partlcular, in the case in which the short link degecribed
above is removed and the edge of the terminal section 1lla is
subjJected to chamfering, it 1g necessary to check whether
the edge is reliably subjected to chamfering by a
predetermined amount in order to fully remove the short iink

and to increase the strength of each edge.

Figure 12 is a schematic diagram showing the

structure of an optical system of the ingpection apparatus
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using this inspection apparatus, an and face of the
bonded glass substrate 10A Ils illumnated with a
light emitted from an and-face illumnating unit 39A,
an i mge of the end face 15 is captured by an upper
CCD canera 36A and the [ower CCD canera 368, and it
i s checked whether the anmount of chanfering for whic
the Inspection is perforned by the sane image
processi ng nethod as t hat™ d*&cTi bed above is
appropriate. 20 As such, in the inspection apparatus
f ' ' f 0 transparen ubstrate
for &hngﬁﬁgﬁ%gﬁgheﬁﬁ 2l el AF A Er%PEﬁﬁggﬁﬁcgubgiﬁ oy Eor

acco € present inven
inspageihy Rfel dohﬁ.},&?} ' e dLgPLa%Pane!
nsgubstrgfg foag?§§§d°§n5t e gsbbggfggrgggﬁiﬁgéFaggethe
end?fabs LESRAE! BYSPY AR BRhWde ! shgesgf
rotating table_Z% ggdgtﬁg |?§E§Egﬁgfpgg F?oﬁ?eggﬁtgp to
chainifer1a8d- f aaeFibLbyal 12t REAeURpLS i&&u}nin&ﬂhg%gigfsf,oﬁa
each of the |ower reflecting mrrors 42 provide
uppbel reflibetdngphoyrpess! thesibyekak8rilctonly! MiF-B25C the
each end face of the display panel substrate 10, each
drivhdgf mechahisimefdirspijuspangl thaupsbieienlendSthe angle
reliably illumnated with a light. Since an imge of
of eaeh efidthacupper reflediangnmnirtOrarandothéhodespl ay

fanel substrate 10 illumnated with a
reflecting mirrors are omitted from Figure 1 and a lower CCD

h
MDO29

camera 36B l1ls added.

For the inspection for the amount of chamfering

. uslng this inspection apparatus, an end face of the bonded

glass substrate 10A 1s illuminated with a light emitted £rom
an end-face illuminating unit 39a, aﬁ image of the end face
iz captured by an upper CCD camera 36A and the lower CCD
camera 36B, and 1t is checked whether ths amount of
chamfering for which the inspection is performed by the same
image processing method as that described sbove is

appropriata.

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

inspection the display panel substrate 10 placed on the
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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 location,
the size and the |i ke of ea defect can be detect ed. MD029

For exanple, in a case w'th*a Tret hod where an end
face is illumnated with Iight and defeats are

[ f, th d f ,
<ot M 1 et TR 0l TR i
d b
the Reeat ek A bR . BV E R4t
hgndli : t
encsasbeotinsushogepdtaphn 52askaoauis epth M, ene

1awaeoeafnbet1ﬁ§pﬁgkfeﬂsaanagebeiasarbbﬂéQEEhanaiQELQdeanel
face of a transparent substrate accor I nNg to the

subpteatet Lonveniloaminaee agthCcaHacrhBbSos’ €RbCAYsp1ay
Since each of the end-face illumnating units 39 ?or

panedspebstrety 10| ushchténg facecochtraddaispeadf phhel
di spl ay panel substrate 10 with light is .

subshratei 10 chs | yeliablydidbhumihetedrwhthoaslightot ensity
of light with which each end face is illumnated can
be suppressed, and 10 furthernore, the end-face

illuniniting units 39 can be used
Since”an image of each end face and its adjacent

areg of the display panel substrate 10 illuminated with a
iight 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

‘bpased on an image pattern of the end face, the image pattern

can not be correctly recognized and thus the defects may not
be correctly detected due to the presence of the terminal
section lla adjacent to each end face of the display panel

substrate 10 illuminated with a light. In contrast to this,
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with stability for the long term The inspection
apparatus and the inspection nethod for inspecting an
and 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 gfba29
di spl ays, plasma display pattels (PDPa), and the Iike.
The 20 i nspection apparatus and the nmethod are al so

e RS R
crogipEsRtali; AR SELESAIEE DTIRH g h¥lAtion

doebNABECEARBeARRRRALUSIGR, | NSPECting an end face of a
transparent substtate according to the present

invention is not limted to a bonded gl ass substrate,
such as the display panel substrate 10. The

| NspecisimteapRAlds 3R Al -Thded 1 1M INASHY units 39
invention is applicable to inspection for an and face

forofespechiivelyr bbipairatingbthéaé&chSefl 88c8 SENEhE

gl ass substrate, a single plastic substrate, or the
displ&y. pagel NOUSTRrdte APPLWLERI 11ght 1is intermittently
turned on, the variations in intensity of light with which
each end face 1s illuminated can be suppressed, and
furthermore, the end-face illuminating units 39 can be used

with stability £for the long term.

The inspectilon apparatus and the ilnspection method
for inspecting an end face of a transparent substrate
according to the present invention are, for example,
applicable to inspection for end@ Ffaces of liquid crystal
display panels, which 1s one type of flat panel displays,
organic electroluminescent (EL) displays, inorganic EL
displays, plasma display panels (PDPs}, and the like. The
inspection apparatus and the method are also effectively
applicable to ingpection for and faces of transmissive-
projector substrates and the like forxr which gquartz

gubstratesz are bonded.
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According to the present invention, the inspection
apparatus and the inspection nethod for inspecting an

and 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 i nage processing

devi ce and capabl e of aCCLwéﬁeﬂy detecting the amounti02%
of chanfering of each edge The and face of the
transparent substrate after the edge is 20 subjected

Lo SN Omen 0 L AUELPOZR L IERECHL O
sospesen opkiaesdaee ORRIEEDY U I 4
trabigikankl UTbgt:o8d R8RS LEASG-AuIPREIAY 1oblf "1

tt Dembikedt tbl hUuBbhakENg1ERAN ' Or giyRhehly kthen
ae emtting a light to t%e aﬁngggg?gf%'aﬁh?#aggkghﬁegﬁéplay

panelr acpstrageall 0l eagheOnfsPatEbhOBppWrhRuEeaBeekaifigito
surface of the transparent substra?e, the and face

theapreshntsinvenndongdst hpprababtiengoainsfasitien E6¢ 8A end
of the imagi ng means; and an inmage processing nmeans

faceopfdet eénghg trds&perent substrate, such as a single

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

According to the present invention, the inspection
apparatus and the inspection method for inspecting an end
face of a transparent substrate are capable of precisely and
reliably detecting defects in the end face of the
transparent substrate using a simple and inexpensive optical
gystem and image processing device and capable of accurately
detecting the amount of chamfering of each edge of the end
face of the transparent substrate after the edge 1=

subjacted to chamfering.
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15 the and face based on an i nmage density of inmage
data captured by the imging neans. 2. An inspection
apparatus according to claim1, further conprising
first reflecting neans for reflecting the |ight 20
emtted fromthe first illum nating neans toward the
and face, wherein the imaging neans i s arranged so
that the end face and thedé$rroundings t hereof are
the imaging region illum ed with the light
reflected fromthe first - 51 reflecting neans. MD029
3. An inspection apparat%ij¥ﬁ§rding to claim 2,
wherein the imaging neans i'S arranged opposite to the
first reflecting 5 neans wth respect to the
transparent substrate. 4. An inspection apparatus
1. 20CUnGPREISACLapEratAb $oil Thdpectifie®h LAY EBReCor a
supports the transparent substrate in-a orizontal
trepeparent, sabdtk-btel,i khk 16ERRELIRN BEPPATA20E bLBRpIising:
- imagi ng nmeans are provided on one face of the
transpaa eindble st Aot Blg EHO CRtdPipStd i tdib AWt e ;
fromthe face. 5. An inspection apparatus according to
claim 4 fhsrtei il lumwindtalre mampordsrdaifed railfdi it to the
substrate in a horizontal 15 position, and a second
end, g§apecerfnfhaeinsnandrent subgtogtenpiasedr enpthei dable,

on an other face of the transparent
the first illuminating means being for intermittently

MDO29

emltting a light to the end face;

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

an image processing means for detecting a defect of

the end face based on an image density of image data

captured by the imaging means.

2. An imspection apparatus according to claim 1, further

comprisiqg first reflecting means for reflecting the light

emitted from the first illuminating means toward the end

face,
wherein the imaging means is arrasnged so that the
end face and the surroundings theraof ére the imaging regioh

illuminated with the light reflacted from the first



1o

15

20

substrate or at a location slightly away fromthe
ot her face. 6. An inspection apparatus according to
any one of claims 1 20 to it, wherein the table is
novabl e in a horizontal direction. 7. An inspection
apparatus according to claim®6, wherein the table is
rotatable around an axis vertical to a surface of the
table, 52 MD029 8. An inspection apparatus accordingMDozg
to claim4, wherein the Ti*tst reflecting nmeans and
the i magi ng neans are novable in an integral nmanner
reftebR1hESARGHst O the table. 5 9. An inspection
apparaftus according to claim@8, wherein the first
reflecting neans is integrally novable with respect to
the first illumnnating nmeans. 10 10. An inspection

3. aﬁpahabéétisﬁoﬁﬂbﬂﬂakﬁsPEéEH&&in@hEBe%FaimiE tQ%F%hiﬁtthe

reflecting means, the direction of reflectioh

imagtagembahe Lbeappanfadcopbosieat E8NERAT 1Lt UPaE BLEing
is adjustable. 15 11. An inspection apparatus

meanscwilthngespsctato bhewbeansparkfit §66888ataf! ecting
nmeans and the inmagi ng neans are novable in an
integral manner with respect to the table. 12. An
i nspecti on apparatus according to claim11l, wherein
4. Ap iperecetbom apphcestusgaceanding toteleisn| § apvebhem 3,
with
wherein the table supports the transparent substrate in a
horizontal position, and the £irst reflecting means and the
imaging means are provided on one face of the transparent

substrate or at a location slightly away £rom the face.

5. An inspection apparatus according te claim 4, wherein the
table supports the transparent substrate in a horizoental

posltion, and a second reflecting means and the imaging

.means are provided on an other face of the transparent

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

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

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

7. An inspection apparatus according to claim 6, wherein the

table is xotatable around an axils vertical to a surface of

the table,
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respect to the first illumnnating neans. 13. An
i nspection apparatus according to claim12, wherein,
in the second reflecting nmeans, the direction of
reflection - 53 14D029 with respect to the end face
of the transparent substrate is adjustable. 14. An
i nspection apparatus according to any one of clains 1
to 5, further conprising a second illumnating means MD023
for intermttently en1tt1rﬁ} alight to the and face
of the transparent substrate while the first
illumnating neans is off. 10 15. An inspection
apparatus according to claim1l, wherein the first
. h! YA ' [ ' i.ght source, extending
8. b SFRERCHISp EORRsubud uBBRLhiT ik BHART 4. WhEBELR tne

£1rE¥bebERLALLAS ﬁéané?ﬁhﬁsﬂﬁsthﬂﬁpgﬁgaﬁéhﬂﬁ QEgogg%é L04p

claim 15, whéerein e |linear source
an Shtayral imaffiekNGRER! FQBpABRAES! HReaggRIAINO Lo clai m

erein the imging neans is a canmera. .20 18.
An inspection apparatus according to claim4, wherein
the first illumnating nmeans and the first reflecting
9. geaﬁsapgmtionswpparaehs acovtdefg oot bEadfdsf agRErain the
oth side
first reflecting means 1s integrally movable with respect to

the firat illuminating means.

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

adjustable.

11. An inspection apparatus according to claim 5, wherein

the second reflecting means and the imaging means ars

movable in an integral manner with respect to the table.

12. An inspection apparatus asccording to ¢laim 11, wherein
the second reflecting means i1s integrally movable with

respect to the first illuminating means.

13. An inspectlon apperatus according to claim 12, wherein,

in the second reflecting means, the direction of reflection
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edges of the transparent substrate. - 54 NMD029 19. An
i nspection apparatus according to claimb5, wherein
the first illumnating nmeans and the second reflecting
nmeans are respectively provided on the end faces at
both side 5 edges of the transparent substrate. 20. An
i nspection apparatus according to claim1" wherein
the i mage processing neans deternines an i mage densi t§P029
of each pixel in imge dat3? captured by the imaging
means and 10 identifies the and face of the
r nt. .S trat.e .based the i mage densi of
waeh! TRERBLE ko0 HhY) LRl £RERT Pr s, A andscreth: arRyteate 1s
adjggghglgq, wherein the image processi ng neans detects
a defect based on the 15 identified end face of the
transparent substrate and the inage. density of each
pi xel . 22. An inspection apparatus according to claim

14.1AnWaRERRLBLA h €+hS aSUbLECt
chgnfer?ﬁgF gg gggafﬁEP%sgggggg%ﬁgpggrg? sbggcggd%gaims 1

to 80 ﬁhﬁtﬂhi,cbﬁ@b&bmnﬁtﬁeséﬂﬁﬁ& ElQEﬁiﬁhEﬂnﬁeﬁE§n§hgor

detects diffused reflection at the and face o
intermbtpanthy embttingeaasigh@eteCthuCen@OEhi8Noba¥hAT A
high intensity of light. - 55
transparent substrate while the Eirst illuminating means 1is

oEE.

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

substrate.

16. An inspection apparatus according to cleim 15, wherein

the linear light source is an LED array.

17. An inspection apparatus according to claim 1, wherein

the imsging means i1s a CCD camera,

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

edges of the transparent substrate.
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MD029 24. An inspection apparatus according to claim
1, wherein the transparent substrate is a bonded
gl ass substrate for which two glass substrates are
bonded so that a terminal 5 section is exposed, the
two gl ass substrates having a predeterm ned gap to be
filled with liquid crystals therebetween. 25. An
i nspecti on apparatus accordjng to any one of clains 1MD025
10 to 24. wherein the inﬁgé rocessing nmeans is
capable of switching a target for inspection between
one of the and faces of a bonded gl ass substrate or
both the and faces of the bonded gl ass substrate, the
bagd u ej ed s t -a

19.tﬁﬂ iﬂs?bﬁiioﬁ §PE§E@uQ EQEOfgggg_angﬁégﬂ B¢ yherein

erm nal section™Is expose pe

theelihad i@&uh&ﬁﬂ%ihbnﬂeaﬂseﬁﬂdfgg@ QgcgndFEQ@?EQEgggeggans

substrate, the inspection neth conpri Si ng

areOfaspibeifelyepiby188it bhn hah t f of.
EZOefﬁe transga?ent subst?a?geb5h§i?gFeFIanﬁﬁgFiﬁgﬁe

edgeBaos; thengragspAcerfdstipgeratd.t he surroundi ngs
thereof by imaging neans; and detecting a defect of

the end face based on an inmage density of inmge data
captured by the imaging neans. - 5 6
20. An inspection apparatus accoxding to claim 1, wherein
the image processing means determines an image density of
each pixel in image data captured by the imaging means and
identifies the end face of the transparent substrate based

on the image density of each pixel.

2l. An inspection apparatus according to claim 20, wherein
the image processing means detects a dafect based on the
identified end face of the transparent substrate and the

image. density of each pixel,

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

edge of the end face iz subjected to chamfering.

23. An inspection apparatus according to claim 1, wherein
the image processing means detects diffused reflection at
the end face of the transparent substrate as a defective

portion having a high intensity of light,
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MDO29 27. An inspection nethod according to claim 26,
wherein, in the emtting a light and the imaging, the
light intermttently emtted along the transparent
substrate is 5 reflected froma reflecting neans
toward the and face. 28. An inspection nethod
according to claim26 or claim27, wherein the end
face is intermttently illumnated with a |[|ight by
second il lum nating means” Wi Ie the first 10
illumnating nmeans for intermttently emtting a |ight
to the end face is off. 29. An inspection nethod
according to any one of clainms 26 to 28, wherein the

d | 108 i i 5 .degsi ty of

24. PSR R ST AER AL AC L ERS bk
. . . f t

TR e Basel ShorRe gL 0and 3oHG REPEERLe, for

whidff e&b Bassd QﬁbkﬂﬁatbﬁeﬂkbfbgﬂdEBQSgaQﬁa@fat?Srmi al
transparent substrate and the 1 mage density o each

secpilual 1=28xB08sedl) EHEDEQBIEmaﬂﬁtﬁﬁﬁséfﬁgég'Hﬂviﬂgcha'm
26, wherein an edge of the end face is subjected to

predbbeimined. g8p. ténbenspRletonitht Noguaacergpa1 ko
claim 26, wherein the - 57 MD029 detecting a defect

thegebetweeniffused reflection at the and

MDO29

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

bonded so that a terminal section is axposed.

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

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

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

detecting a defect of the end face based on an

image_density of image data captured by the imaging means.
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face of the transparent substrate as a defective
portion having a high intensity of light. 5 32. An

i nspection nethod according to claim 26, wherein the
transparent substrate is a bonded gl ass substrate for
which two glass substrates are bonded so that a

term nal section is exposed, the two gl ass substrates
having a predeterm ned ga o be filled with liquid MD029
crystals therebetween, 10 337 "An inspection nethod
according to any one of clains 26 to 32, wherein the
detecting a defect is capable of swtching a target
for inspection target between one of the end faces of

27.2aR0 gﬁsﬁeaﬂéﬁ ﬁH*EﬁBEaE%aBE-a?.&gh £bh gégﬁgl %gg e?ﬁé%ﬁﬁéf oin

the bonded gl ass substrate, bonds _
thebeindgthagdadiggnthahaathe! fnadingcCcthan1ignexPose

intermittently emitted along the transparent substrate is

reflected from a reflecting means toward the end face.

28. An inspection method according to claim 26 or claim 27,
wherein the end face is intermittently illuminated with &
light by second illuminating means while the first
illuminating means for intermittently emitting a light to

the end face 1s off.

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

image density of each pixel.

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

edge of the end face is subjected to chamfering.

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

having a high intensity of light.

32. An inspection method according to claim 26, wherein the
transparent substrate i1s a bonded glass substrate for which
two glass substrates are bonded so that a terminal seotion

is exposed, tha two glass substrates having a predetermined

gap to be filled with liquid crystals therebetween.

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

being bonded so that a terminal section is expose.



