6 Sept enber 2005 DESCRI PTI ON DI SPLAY PANEL | NSPECTI ON METHOD AND DEVI CE,
AND DI SPLAY PANEL MANUFACTURI NG METHOD Techni cal Field The present
invention relates to an inspection nmethod for carrying cubepiespadddbn of a
pattern formed, in particular, on a substrate with high accuracy in a flat
di spl ay panel represented by a liquid crystal display panel (hereinafter,
referred to as "LCD') and a plasma display panel (hereinafter, referred to
as "PDP"). Background Art In recent years, increase of the size of screens
and decrease of the size of pixels of a spread display such as an LCD and
" a PDP have been advanced, and. it is very difficult to manufacture
non-def ective products, and a serious problemoccurs in ensuring.the yield.
Thus., it is a general practice of ensuring the yield by including

i nspections and repairs in a Pﬁﬁ@ﬁé@@&ﬁ@%g step of the flat display panel

order 101 PheBEcPaRe bt FeREinElubee R Ieglica pRoShRUS 48l 1 o0 to @ |

back plate of the PDP, e osed in, for exanple, Japanese
o o eaber “hone®. 5 palil® L ARRRL AR T S6LARSS .

Technical Field

The present invention relates to an inspection method
for carrying out inspection of a pattern formed, in
particular, on a substrate with high accuracy in-a flat
display panel represented by a liquid crystal display panel
{hereinafter, reférred to as "LCD") aﬁd a plasma display

 panel (hereinafter, referred to as "PDP"} .

Background Art
In recent ?ears; increase of the size of screens and
decrease of the size of pixels of a spread display such as
an LCD and a PDP have been advanced, and. it is very
difficult to manufacture non-defective products, and a
serious problem occurs in ensuring the yield. Thus, it is a
- general pracfice of ensuring the yield by including
inspections‘and repairs in a manufacturing step df the flat
display panel to recondition a defective panel as a non-
defective one. | |
In particular, in order to inspect the appliéation
state of liquid phosphor applied to a back plate of the PDP,

the technology disclosed in, for example, Japanese



" Unexam ned Patent Application Publication No. 2000-131226 is applicable.
In this technol ogy, the structure of a neasurenent surface can be
inspected by allowing the light to be incident on the nEsSdpeiRa0GUr f ace
of an object to be inspected by light, capturing the reflected Iight

t hereby, and neasuring the change in intensity of the obtained reflected
| i ght when carrying out the above inspection using the light, various
optical conditions nmust be optim zed according to the structural
characteristic of the object in qrder to increase the accuracy of the

I nspection. Specific optical conditions include the angle of incidence,
the angle of reflection, the wavelength, the intensity, the scattering,
and the polar|2| di rection of the | i ght. However, in the above :

conv &REFGHdM % NG PParyEa thsih ddbFlorc adptdniNe -ng e 1egtd2@aliscondi ti ons
accordlng g]_the structural characteristic of the object has not been

dermo &P €and Fr Hiend s wl gy + et%%ﬁﬁ%ﬁ@f the pattern for

fornln% t he surface Jjs changg by the change i a manufacturing condition
of t REGHETE farrd ﬁ&%&@@r &y 1&59%%94 @bé’dﬁ%ﬂ% thendiigdyabl y degr aded
or the nspectl nes ossible if the st uctural hara teristic is
di f f &Peft alédr %ﬂ% e ge Betthe Q& ﬁW@%?é% & with the

B;gg;{g%@ée%g tgﬂ;%lyz hK.' gggpﬁa&l%bd §5le PortIG A G5 RSN 'y°“ 's to
and measuring the change in intensity of the obtained
7 reflected light.

When carrying out the above inspection using the light,
various optical conditions must be optimized according to
the structﬁral characteristic of the object in order to
increase the accuracy of the inspection. Specific optical

~conditions include the angle of incidence, the angle of
reflection, the wavelength, the intensity, the scattering,
and.the polarizing direction of the light;

Howéver, in the above conventional technology, any
method for optimizing the optical conditions according to
the structural characteristic of the 5bjeét has not been
demonstrated, and problems occur in that the shape of the
pattern for forming the surface is changed by the change in
a manufacturing condition of the object, and the accuracy of
the inspection is considerably degraded or the inspection.
becqﬁes impossible if the structural characteristic is
different according to the stage.of the manufacturing steps
even with the products of the same kind.

The object of. the present invention is to provide a



-- 3 nmethod for solving the di sadvantages of the above conventi onal

t echnol ogy, determ ning the optinumoptical condition for the inspection

of the surface shape by the structural characteristic of ¢$8etahbecnoso be
i nspected, reflecting the determned condition in an inspection device to
carry out the inspection with high aécﬁracy, i nproving the yield w thout

degrading the yield rate, and manufacturing a substrate of high quality

and high reljability. Disclosure of Invention In order to achi eve the above
ob; et cMe i A8kt H PR OB S AF PSR Ak 1 ABOTS CORG AL ABRAT act ar | ng

et hod ofoithdlicap), aeRanEhnd! i ALEIRNL,E AXINLEER: haye dbecgonf i gurati on

descri bed below. I n accordance with a first aspect of the invention, there
is provhsettdodi 6plene panehcé ngpget bontrethodickaral napeeticbgiacipbtral ity
of fluorescent layers applied to a substrate with predetermned intervals,
t he net Herl QoReti 50 e tierseepd, ofefleckingn Hat dageThengs gealiticmnfin
fluorescent | ayers by illum nating neans, jnmaging the plurality of

{1 tior esgert™ SRy 6F & l4'H 5 CP i g o MrokhS, roReRdoh ‘et e ey

T um natlng,iigange and 1N 61 EABGE N4 ABRAS 4k Fidhkection aqross the
plurality of florescent |ayers, neasuring bright and dark signals of

fl uor escenifdcayelisgy aMdubsarast gnalhipghogessing amansgh digliingilhey movi ng step
measuring an application volunme for each fluorescent |ayer fromthe

nmeasured signals; and neasuring the relative speed of the substrate to the
imagingD eed neasuring neans; wherein the signals

[EANSDU 2 oNld eR
obtained”%y the iﬂagfh& 8fs are corrected usi ng the neasurenents
In order to achieve the above objects, an inspection methed,

and inspection device and a manufacturing method of a display panel
of the present invention have the configuration described below.

In accordance with a first aspect of the invention, there is
provided a display panel inspection methéd for inspecting a
plurality of fluorescent layers applied to a substrate with
predetermined intervals, the method comprising the steps of:
illuminating the plurality of fluorescent layers by illuminating
means, imaging the plurality of fluorescent layers with an imaging
means, moving a substrate or the illuminating means and the imaging
means in a direction across the plurality of florescent layers,‘
measuring bright and dark signals of fluorescent layers, with a
signal processing means, during the moving step .measuring an
application volume for each flucrescent layer from the measured
signals; and measuring the relative speed of the substrate to the
imaging means by a moving speed measuring means; wherein the signals
obtained by the imaging means are corrected using the measurements.
from the moving speed measuring means, and the application volume
for each fluorescent layer is measured based on the corrected
signals.

Preferably, in the display panel inspection method of



fromthe noving speed neasuring neans, and the application volune for each
fluorescent |ayer is neasured based on the corrected signals. Preferably,

in the display panel inspection nethod of 6 Septenber 20@3; tefnbet DEPr esent
invention, a roller may be used in the above novenent. (?erably, in the
di spl ay panel inspection nethod of the? Ppresent invention, the illum nating

means irradiates ultraviolet rays of the wavel ength of 260 nm or under on

f |l uor escieat ptrayedis, iraneht hen f | aor @stenaea pheot ogenesis thomibdes fl uorescent
| ayers is captured by the imging neans. Preferably, in the display panel

i nspecthetemdhifod of the present invention, the noving speed neasuring
means cal cul ates the speed fromthe interval of the fluorescent |ayers

obt ai ned bypt@fefatml(nglﬂeefaé dféﬁaﬁ%q&tﬁel ﬂ?éafgec@t&m r@@@%flwectlon

met hod of the present invention rescent ers are liquid
Preferabl n the display, pangel.ins ectlon nethod t he present
i nventi gs?éF ln$é?%ﬁg%ba%@en%i%Ty caﬁFﬁt e %?laaﬁlch is reflected

at a sub tant| same angl Sept enber 2005 - 5 as th | e of
i nci denet ?‘”t%L ‘?l I‘F@%tw lepathert | 4 Gt r P AdE %H *omthe

illumnating nmeans on the fl uorescent
fluorescent layers, and the fluorescence photogenesis from the

fluorescent layers is captured by the imaging means.

Preferably, in the display panel inspection method of the
present invention, the moving speed measuring means calculates
the speed from the interval of the fluorescent layers obtained
by the imaging means.

Preferably, in the display panel inspection method of the
present invention, fluorescent layers are liguid.

Preferably, in the display panel inspection method of the
present invention, the imaging means mainly captures the light

which is reflected at a substantially same angle




| ayers and reflected thereby. Preferably, in the display panel inspection

nmet hod of the present invention, the illum nating neans has a |ight
diffusing neans for diffusing the ejection light. Prefer@®pemben 2008
di spl ay panel ‘inspection nethod of the present invention, the illum nating

means has a light polarizing directiroh selecting means for selecting the
| i ght=0of a desired polarized |ight direction anong ejection |ight.

Pr ef er ablsy thien ahlge ediogpliay i panek bMSﬁeetueaoﬁe550d1?httbet prespat
i nvention, the shape of an ejection port of the um nati ng neans for

eJeCtlnglbh% hkgghlb%e%|Ekoﬁh%H@dllEﬁﬁEHEEQh? manEhSndtﬁQ|9¥u8§Q§bent
|nspect|on net hod of the present invention of the slit is 0.3 mm

over %Qgrslgngngg%lggggpeFgggegpe | engt h of the sllt is 10 nmor over

and nm or in the display panel inspection nethod
of the pres |nv tlon % means has Iurali% fLi Ht

Cecei ving of CREAEEAoRYer aPabls, CRRCLAE HRGRTay BRAE PRSP ¥P§ oFebhigd of
the present invention, the |nag|ng means further has the |lig recei ving
el ement SL&FPRYedNVRNE 16He- dhfeAs BRANA FhRAeReapFehafaBl y1ohk @hé LYW,
panel inspection nethod of 6 Septenmber 2005 - 6 the present invention, a
si gnal pesoessrngdrddnsiaddsheheijesigonl $ighta plurality of 1ight receiving
el ements of the

Preferably, in the display panel inspection method of the
present invention, the illuminating means has a light
polarizing direction selecting means for selecting the light=of
a desired polarized light directicn among ejection light.

Preferably, in the display panel inspection method of the
present invention, the shape of an ejection port of the
illuminating means for ejecting the light is slit-shaped.

Preferably, in the display panel inspection method of the
present invention, the width of the slit is 0.3 mm or over and
10 mm or under, and the length of the slit is 10 mm or over and
1000 mm or under.

Preferably, in the display panel inspection method of the
present invention, the imaging means has a plurality of light
receiving elements.

Preferably, in the display panel inspection method of the
present invention, the imaging means further has the light

receiving elements arrayed in a one-dimensional manner.

Preferably, in the display panel inspection method of



.1 magi ng neans and averages them obtains a signal peak for each phosphor
fromthe averaged signal waveform obtains the signal peak waveform for
each phosphor by linking the signal peaks, and neasures 6tdepteafhel P0G i on
vol une of each fluorescent layer fromthe signal peak waveform
Preferably, in the display panel inspettion nethod of the present

i nvention, the inmaging neans has a light polarizing direction selecting

means fenespkesthigihbentigh] &fsaghesi pedeepolnygimeshdighds dinection from
the reflected light. Preferably, in the display panel inspection method of

the presgAt1kn¥enti Bg%ré*ﬂﬁ&'&E”iﬂ&ﬁ%”@e@@fﬁnéréﬁ&h@ﬁ% o#l thaviol et rays

of the wavel ength of O nmor under, and the T1nmaging neans nainly

. i I . 60.
cept U oSnbURAVHELRL  LANS. 0L hes YBNE) chOLDL 6L 300, 0 ProbIgeter cach
1 are satisfied, where Ris the. resolutjon of the

invention, inequalitie
| magi ngPBERECT aREOT. CRPSaVREAGr dt RLGRAE nEm g ETBS BT TH S OF of HECP bi
partition walls w th phosphor applied thereto., 3:!~La <10 AR 6 Septenber
2005 - Pepkelavgbpym fartfpachiBpraphpaney 1askeedi bhe netwodl opedke present
i nvention, the signal processing nmeans cal culates the intensity of the
i nspect fod heghtireactdenepphiaatiubst valemérom each fluorescent layer

from the signal peak waveform.

Preferably, in the display panel inspection method of the
present invention, the imaging means has a light polarizing
direction selecting means for selecting the light of a desired
polarized light direction from the reflected light.

Preferably, in the display panel inspection method of the
present invention, the illuminating means irradiates
ultraviolet rays of the wavelength of 360 nm or under, and the
imaging means mainly captures ultraviolet rays of the
wavelength of 360 nm or under.

Preferably, in the display panel inspection method of the

present invention, inequalities 1 are satisfied, where R is the
rasolution ¢of the imaging means, and Lg is the width of the

grooves which are formed of partition walls with phosphor

applied thereto.

3<te <0
R




t he |Ilun1nat|ng means based on the signals obtalned by the i magi ng neans,

and corrects the illum nating neans so that the intensity of the
inspection light in the inspection of a next substrate lgEspmRsedheopreset
target value with reference to the obtained intensity of the inspection
light. 6 Septenber 2005 8 A mask havtng an aperture only in a part with
phosphor to be inspected present therein may be installed on an inspection

surface of apsubstEBle, AECOREI AYshOadneiher ﬁ@ﬂ%étléﬂm@tmcsdpépvm@d a
di splay panel manufacturing nethod, 1ncluding a display panel inspection

et hod ??ﬁe@@ﬂ‘éem\’}’@ﬁiﬁﬁ?ﬁ a@hé”§9§ﬁ%i%r8§é‘§§ {QMmed NSRS LI LL the
application vol une o Uorescen rs appT d"“bet ween- an appl y|ng step
and a dr rOV|ded enber. 005 9 the

manut acthE RS he: REAE REotBr FST hb b hE abpl TRt &t of SUpTYTALE phobhor on
t he subs rat and the drying step _of phosphor Preferablg n the display
panel ﬁfé LU ARGt BT NBBRDF b?ﬁ%dp?%sﬁ%? ?h@%ﬂ&?cﬁpt%%ﬁeédWYo Wit

Jinequalities 6 are satisfied, where His the height of the partition walls

f or ni ngimgEéngr BERES, amdk@orge@hé Soe f abbuhbigihtnoimehes phorthat 6the Hp/ H <
0.9 6 Septenmber 2005
intensity of the inspection light in the inspection of a next

substrate becomes the preset target value with reference to the

obtained intensity of the inspection light.



10 Preferably, in the display panel manufacturing nethod of the present
invention, a plurality of grooves have at |east two kinds of groove w dth,
and phosphor is applied successively fromthe groove of g $@tehistestos
interval between the partition walls in the display panel manufacturing
method with the same kind of phosphor8applied to the plurality of grooves
havi ng the sanme groove width. Preferably, in the display panel

manuf acturi ng method of the present invention, an inspecting neans for

i nspecting the application volune of the fluorescent |layer is the

i nspection mehhed ag¢ehgi BE hpebkak® dn1@nthi ASPEEt SwatRapholPhdhich the
fluorescent |layer emts the light at | east when a substrate is built in by
a panel ,cPrakgEabLY, pi-Bsbhe dhapLay pﬁﬁg' b@fHé@&iE?&“&n”&ﬁhfﬂs o SEPSEDer
2005 - 11 of "the present invention, a fluorescent [ayer repairing neans -
IS provggggacgng thesabgggg% ent layer is repaired based on the result of
the i nspectron OF fhé Irnspecting neans. Preferably, in the display panel
nanufacturin% met hod of the present invention, an inspecting neans for

i nspecting tfEC°Y bPECEPi6H°§8PEH@SBFCFhet??ﬁ%ré%c%ﬁ?v%%?%raisd%$EQaY

i nspection _nethod according to Claim1, and when defects occur the

appl yi ng28eéprarefacbppéagandthpdubleslpfintea appsniayg Beeplare repaired.

inspection method as above, wherein an inspecting means for

inspecting the application volume of fluorescent layers applied

between an applying step and a drying step is provided in



Preferably, in the display panel manufacturing nethod of the present

i nvention, an inspecting neans for inspecting the application volune of
the fluorescent layer is the inspection nethod accordi ng $taitRkdods the
applying step is a nozzle applying nethod., and a nozzle is changed when
defects occur. Preferably, in the dispPay panel manufacturing method, of
the present invention, an inspecting neans for inspecting the application
vol ume ohet ksplaprescedtmbayeacitsribe mesiped] i comphes heg Blee oaslh g i@
Claim1l, the applying step is a nozzle applying nethod, and when defects
occur tgee§l@ggsg%nyzﬁ@ephésphgﬁn&hftl@éi,s@@sitﬁé@ggsﬂdtbhélgd@g}iﬁ esthggzle is
renmoved by the vibration. |In accordance. with a third aspect of the
inventig?,pﬂgﬁﬁﬁok§ provi ded a di splay panel manufacturing for inspecting a
pattern for on the substrate, 6 Septenber 2005 - 12  conprising a |light

irradiating aps_for irradjiati the light, on the pattern n_i magi ng
reans for TebbbERGEIke Hightst Por EnebRart ofioahachit bio thefir b
signals, a noving neans for relatively noving the_substrate to the inaging
nmeans, EhﬁDBFﬁ@engpé%HeﬂEégﬁriE@enE%%%OWb?gn%%§ﬁP?%bt%ﬁ% Qubstrate to the

i magi ng means, and a signal processing neans for correcting the imge

si gnal ssayishecdbt wiiped Heiatthe Bpbedt apll toaparrhgtipe webls ebPEHiigrage
signals with a predeternm ned reference value, and determ ning acceptance/
rej ecti oheofir¢dree pasheér i, hiasathorsurface height of phosphor.

0.6 < Hy/H < 0.9



the difference/coincidence fromw th the reference val ue. According to yet

anot her aspect, there is provided a display panel manufacturing nethod,

i ncluding a display panel inspection nethod of the firs%gﬁ?gﬂﬁ%mgmmprein
an inspecting step for inspecting the application volume of liquid
phosphor between an applying step ahdfb'drying step is provided in the

di spl ay panel manufacturing nethod, conprising the applying step of
appl yi ng a pPuedkirtplef dset shefdlibglbg phosphoenwitthtupiedenethbdedt
intervals on the substrate and the drying step of drying |iquid phosphor
to formcheupreseeant ihayatsonPrhepleatitpt bengebotbe Paawi AES1ELGL Lwbs a
schemati c cross-sectional viewto sinply show the configuration of a back

plate of;34BDBs gkgov% wgd%hflgﬂeh?ﬁgsﬁﬂewémg appﬁiéapgﬁceésgmv@1§eptenber
2005 - 13 Fig. is a schematic iflustration of a substrate havi ng

rooves ¢ Fhdxnd L3c8:3CNEMLLO, L LLUSt EALLAN.G! 3 BUBS! LALephoyL P ar doves

gr ooveée Vil d ratlon of a
substrate._havin roove with transverse ri hemat i ¢
I Lustr 46007 OF FRgura SpredpRens aﬁﬁPPéacFBrén§u8§EP88 ths.ﬁﬁ oFoBes so

that a surface shape is flat, and brightness signal waveform obtai ned by
an i nsp&&pPorinebrsaher erplppdséat thAveAEahity of grooves having the

same groove width.

Preferably, in the display panel manufacturing method of
the present invention, an inspecting means for inspecting the
application volume of the fluorescent layer is the inspection
Imethod according to Claim 1, and inspects a part in which the
fluorescent layer emits the light at least when a substrate is
built in by a panel.

Preferably, in the display panel manufacturing method




substrate having grooves, and brightness signal waveform obtai ned by an.
inspection direction of the present invention. Fig. 8 i% SpkaltRABOOL
illustration indicating the relationship between the surface shape
(application volune) of liquid phosphRdr -and the intensity of the reflected
light. Fig. 9 is a schematic illustration the surface shape of the groove
when any |iquid phosphor is not applied. Fig. 10 is a schematic
illustration of the surface shape after application of |iquid phosphor |
when tth ﬁﬁ@lbfégéﬁﬂ YHbQHFi&H?rgoflﬁérégcenf'Qayéﬁ tSp&iring means | |
schematic.illustration of the surtace shape after application of liquid
phosphot appl.icati volune thereof is 6_Sept e r 20 -- 14
o 1ot o b RBu M PRY, FRE STt Trt  FRPE H o an et R o 0t on
of liquid g?osg?or when t he ag Iigation,volune,thereof is V3. Fig. 13 is a

Fu at’t n

schemat f&° r 5B F oh FRAFE gt thBS BRFREECHYItAEATTfting the diffusion
ratio of the inspection light. Fig. 14 is a schematic illustration

i ndi cating tReeferpbty, bintHee| 43 sPhay apraperiarefaqiveies Bathedgrhg
‘means. Fig. 15 is a schematic illustration indicating liquid

the present invention, an inspecting means for inspecting the
application Volume of the fluorescent layer is the inspection
method according to Claim 1, and when defects occur the
applying step are stopped and troubles in the applying step are
repaired.

Preferably, in the display panel manufacturing method of
the present invention, an inspecting means for inspecting the
appiication volume of the fluorescent layer is the inspection
method according to Claim 1, the applying step is a nozzle
applving method, and a nozzle is changed when defects occur.

Preferably, in the display panel manufacturing method of
the present invention, an inspecting means for inspecting the
application volume of the fluorescent layer is the inspection
method according to Claim 1, the applying step is a nozzle
applying method, and when defects occur the clogged nozzle is
identified, and clogged thing of the nozzle is remeoved by the
vibration.

In accordance with a third aspect of the invention, there
is provided a display panel manufacturing for inspecting a

pattern formed on the substrate,



is recessed, and the brightness signal waveform obtained by the inspection
met hod of the present invention. Fig. 16 is a schemati cgidepidaiteRddosn
indicating liquid phosphor applied to a substrate having grooves of three
kinds of groove width so that the surflace shape is recessed, and the

bri ght ness signal waveform obtai ned by the inspection nethod of the
present kcowventisang ki gigh? isradsehématmeans| fistratraniavnihgatheagl idiet
state of the reflected Iight reflected in an angul ar aperture froma groove

bott om sur f-aeepatttha, angl emgfihohtanknebdenseéieihgcthon Odnt Frgeom 18 is a
schematic illustration indicating the state of the reflected |ight

ref'eCt%ﬂeiPa%@e%ﬂggharouég§££yﬁ§ fnogut bessuiface pbviihguhdaphosphor at
the angle of 6 Septenber 2005 - 15 |Iight incidence/reflection 01. Fig. 19

. e e S . n £l Liah
of | ect S8 AN Laa ndar S0 B8 ParSCFEom FhetaEr Phfathy TRahSt cvnShuY om at
the angle o .incidencelreflection is a schematic

f 1ight 0. Fig. 20
i || ust r 3PEGA WﬁégBﬁipﬁgm?ﬂBs EPRt BeRPUF LRI EPR et tRATR Rt TP efBcted in an

angul ar aperture fromthe surface of |iquid phosphor at the angle of
imaging means, and a signal processing means for correcting the

image signals by the obtained relative speed and comparing the
corrected image signals with a predetermined reference value,
and determining acceptance/ rejection of the pattern based on
the difference/coincidence from/with the reference value.
According to yet another aspect, there is provided a
display panel manufacturing method, including a display panel
inspection method of the first aspect, wherein an inspecting
step for inspecting the application volume of liquid phosphor
between an applying step and a drying step is provided in the
display panel manufacturing method, comprising the applying
step of applying a plurality of sets of liquid phosphor with
predetermined intervals on the substrate and the drying step of

drying liguid phosphor to form fluorescent layers.

Brief Description of the Drawings

Fig. 1 is a schematic cross-sectional view to simply show
the configuration of a back plate of a PDP.

Fig. 2 is a flowchart showing an example of an

phosphor applied to a substrate having grooves so that the surface shape



li ght incidence/reflection 0.'Fig. 21 is a schematic illustration of a mask

for blocking the reflected light fromgrooves which need not be inspected
Fig. 22 is a schematic illustration of |iquid phosphor apRbicget 2003
substrate having grooves with transverse ribs, and brightness sign al
wavef orm obt ai ned by an inspection direction of the present invention.
Fig. 23 is a schematic illustration indicating the relationship between
bri ght ness signal waveform obtained by. the inspection and the substrate
carrying speed. Fig. 24 is a sche ic illustration indicating the
principle of the .inspection of a fluorescent | -ayer by the reflected
light. Fig- 25 is a schematic illustration indicating the .principle of
the inspection_of a fluorescent |ayer by fluorescent photogenesis. 6

Sept enber ¥26053- 1962 W@?mQélFslélﬁéﬁéﬁé@P@ PFl aserbetoatiendi cating .t he
rel ati onshi p between the anmount of phosphor applied to grooves and the

i nt e8IVt Y9 PPY6Fescent photogenesis. Fig. 27 is a schematic illustration

of an insBecti n, device fo _reahhzing t he i nspection nethod of the present
invention.lgF'g.l§83i§C%e?? WehattUsho-Agaff eRafBPat6-t8or rect i on

I
having grooves of three kinds of groove width.

Fig. 5 is a schematic illustration of a substrate
having grooves with transverse ribs.

Fig. 6 is a schematic illustration of liquid phosphor
applied to a substrate having grooves so that a surface
shape is flat, and brightness signal waveform obtained by an
inspection method of the pfesent invention.

Fig. 7 is a schematic illustration of a fluorescent

- layer formed on a substrate having grooves, and brightness
signal waﬁeform obtained by an_inspection direction of the
present invention. |

Fig. 8 is a schematic illustration indicating the

: relatiénship between the surface shape (application volume}
of liquid phosphor and the intensity of the reflected light.

Fig. 9 is a schematic illustration the surface shape of

‘ the groove when any ligquid phosphor is not applied.

Fig. 10 is a schematic illustration of the surface
shape after applicétion of liquid phosphor when the
épplication volume thereof is V1.

‘Fig. 11 is a schematic illustration of the surface
shape after application of liquid phosphor when the

application -volume thereof is V2.



for the quantity of light. Fig. 29 is a schematic illustration indicating a
step of correcting defects in |liquid phosphor in a manufacturing mnethod
of the present invention. Fig. 30 is a .schematic. illustgr®bicabel Dodxating
a step of correcting defects in the fluorescent layer in a mnufacturing
met hod of the present invention. Reference Nunerals 10: PDP 11: back plate
of PDP 12: front plate of PDP 100: glass substrate 101: address
el ectrode 102: dielectric layer 103: partition wall 104: red fluorescent |
l'ayer 105: green fluorescent |ayer 106: blue fluorescent |ayer - 17 |
107: display electrode 108: dlele‘1r|c | ayer 109: protective layer 110:
pl asma 111: transverse rib 115: groove of groove width L formed by |
partition walls 116: groove of groove width LI forned by partition
Fig. 12 is a schematic illustration of the surface |
shape after application of liquid phosphor when the }
application volume thereof is V3. |
Fig. 13 is a schematic illustration indicating the
effect by the lifting the diffusion ratio of the inspection
light.
Fig. 14 is a schematic illustration indicating the.
effect by the lifting an aperture ratio of an imaging means.
Fig. 15 is a schematic illustration indicating liquid
phosphor applied to a substrate having grooves so that the
surface shape is recessed, and the brightness signal
waveform obtained by the inspection method of the present
invention.
Fig. 16 is a schematic illustration indicating liquid
phosphor applied to a substrate having grooves of three
kinds of groove width so that the surface shape is recessed,
and the brightness signal waveform obtained by the
inspection method of the present invehtion,
Fig. 17 is a schematic illustration indicating the
state of the reflected light reflected in an angular
aperture from a groove bottom surface at the angle of-light
incidence/reflection 8°:
Fig. 18 is a schematic illustration indicating the

state of the reflected light reflected in an angular’

aperture from the surface of liquid phosphor at the angle of



wal I's 117: groove of groove width L2 formed by partition walls 118: groove
of groove width L3 forned by partition walls 119: groove of groove width L
formed of partition walls and transverse ribs 120: cell c2}DienfteePo®
cleaning and drying a glass substrate 220: step of forming a straight
pattern el ectrode 230: step of formng a dielectric film 240: step of
formng partition walls 250: step of formng a fluorescent |ayer between
partition walls 251: step of applying |iquid phosphor between partition
wal I s 252: phosphor inspection steps(l) 253: liquid phosphor drying step 6
Sept enber 2005 - 18 254: phosphor inspection step (I1) 260: step 260 of
repairing defect portion of phosphor 261: defect repairing step (I) 622:
iri (T1) 300:. substrate having grooves 310: substrate

ﬁgiﬁ%%f%wcg@ el 16 5Hde o ‘gr oove

Fig. 19 is a schematic illustration indicating the
state'of the reflected light reflected in an angular
aperture from the surface of the groove bottom at the angle
of light incidence/reflection 0.

Fig. 20 is a schematic illustration indicating the
state of the reflected light reflected in'an angular
aperture-from,the surface of liquid phosphor at the angle of
light incidence/reflection O. -

Fig. 21 is a schematic illustration of é mask for
blocking the reflected light from grooves which need not be

linspected.

Fig. 22 is a schematic illustration of liquid phosphor
applied to a substrate having grooves with transverse ribs,
and brightnéss signél waveform obtained by an inspection
directibn of the present invention.

Fig. 23 is a schematic illustration indicating the
relationship between brighfness’signal'waveform obtained by
the inspection and the substrate carrying speed.

Fig. 24 is a schematic 1llustratlon 1nd1cat1ng the

"prlnc1ple of the inspection of a fluorescent layer by the
reflected light.

Fig. 25 is a schematic illustration indicating.the
‘principle'of the inspection of a fluorescent layer by

fluorescent photogenesis.



wi dth 320: substrate having grooves with transverse ribs 330: substrate
havi ng defect in liquid phosphor 331: substrate having defect in
ftuorescent layer 600, 602, 1500, 1502, 1600, 1602, 210@,Scpdddrer OGRII d
phosphor normally applied to each groove 601, 1501, 1601, 2101: 'liquid
phosphor having portion not applied to grooves 603, 1503, 1603, 2103:
| i qui d phosphor which should have been applied to grooves, but not applied
thereto 610, 612, 1510, 1512, 1610, 1612, 2110, 2112: reflected |ight
~brightness peak fromthe-surface of_|iquid phosphor. 611, 1511, 1611,
© 2111: reflected light brightness peak fromthe. surface of |iquid phosphor
havi ng portion not applied to grooves 613, 1513, 1613, 2113: reflected
| i ght brightness peak from non-applied |iquid phosphor 620, 720, 1520,
1620, 21203igbr kghtisesssshgnakivavéfiosirat6dn, isd2cakxhgathed val ue of
reflected [ight brightness 6 Septenber 2005 19 peak fromthe surface of
| i quie lsHospdrite Yetveery dbice dmpalnde off -phefdpdotredpbilgled thoi ght ness peak
fromthe surface of |iquid phosphor having portion not applied to grooves
633: BRIET edrd dihge igensfitecrdd flivgmessianghhede geagie s -
Fig. 27 is a schematic illustration of an inspection
device for realizing the inspection method of the present
invention. |
Fig. 28 is a flowchart showing an example of correction
for the quantity of light.
Fig. 29 is a schematic illustration indicating a step
of correcting defects in liquid phosphor in a manufacturing
method of-thé present invention.
Fig. 30 is a schematic illustration indicating a step
of correcting defects in the fluorescent layer in a
manufacturing method of the present invention.
Reference Numerals
10: pPDP
11: back plate of PDP
12: front plate of PDP
100: glass substrate
101: address electrode
| 102: dielectric laYer
103: partition wali
104: red fluorescent layer

105: green fluorescent layer

106: blue fluorescent layer




750, 1630, 1631: threshold 660: graph show ng brightness change at the
position of the dotted line s 670: graph show ng bri ght aesptcRfRk2eust r act ed
from Dbrightness change at the position of the dotted line's 700, 702:
fluorescent layer nornmally formed in each groove 701: fluorescent |ayer

formed in the anount | ess than the standard val ue 703: fl uorescent Iayer

whi ch shoul d have been forned in grooves, but not formed 710, 712:

bri ght ness peak of fluorescent photpgenesis of fluorescent |ayer 711:

bri ght ness peak of fluorescent photogenesis of fluorescent |ayer formed in
the anobunt | ess than the standard value 713: brightness peak of
quorescegé phgtoggnesif of non-formed fluorescent |ayer 6 Septenber 2005 -
20 730, 3 SXxFPLeYed!68FtRI8T bright ness peak of fluorescent
photogenezég_o&.fLuogescegt | ayer 731: extracted value of brightness peak
of fluoresce&nt “*photobehesF¥°bf fluorescent layer formed in the anount |ess
109:

protective layer

110: plasma

111: transverse rib

115: groove of groove width L formed by partition walls

116: groove of groove width L1 formed by partition
walls

117: groove of groove width 1.2 formed by partition
walls

118: groove of groove width L3.formed by partition
lwalls

119: groove.of groove width L formed of partition walls
and transverse ribs

120: cell - ?

210: step of cleaning and drying a glass substrate

220: step of forming a straight pattern électrode

230: step of forming a dielectric film

240: sﬁep of forming partition‘walls

250: step of forming a fluorescent layer between
partition walls

251: step of applying liquid phosphor between partition
walls | | -

252: phosphor inspection step (I}

253: liquid phosphor drying step



than the standard value 733: extracted val ue of brightness peak of
fluorescent photogenesis of non-fornmed fluorescent |ayer 760:. graph
i ndi cating brightness change at the position of the dot tgegbptdnitRr 2005 0:
graph indicating brightness peak extracted from brightness change at the
position of the dotted |line t 900: groove section w thout any application
of phosphor 901: part capable of reflecting the reflected light wthin
angul ar aperture of groove 1000: section of liquid phosphor of concave
surface 1001: part capable of reflgecting the reflected Iight wthin
~angul ar aperture of |iquid phosphor of concave surface 1100: section of
| i qui d phosphor of flat surface 1101: part capable of.reflecting the
reflected light wthin angular aperture of |iquid phosphor of flat surface
1200: secE&Pén phosphardipapsphoenoftepnVEX) surface 1201: part capabl e of
reflectln the reflected |ight within angular aperture of |iquid phosphor
convegﬁeurﬁaeﬁ 29800f 14pairing2defqoB: pophian| ef PhgRPh6rSept enber
2005 - 21. 1301, 1302, 1303: dlffused | ight 13011, 1302', 1303', 1401',
1402', 14981 defpettE@pagfgpg step (1) .

622: defect repairing step {(II}

300: substrate having grooves

310: Substraté having grooves of three kinds of groove
width

320: substrate having grooves with transverse ribs

330: substrate having defect in ligquid phosphor

331: substrate having defect in fluorescent layer

600, 602, 1500, 1502, 1600, 1602, 2100, 2102: liquid
phbsphor normally applied to each groove

601, 1501, 1601, 2101: liquid phosphor having portion

' ‘not applied to grooves

603, 1503, 1603, 2103: liquid phosphor which should

have been applied to grooves, but not apblied thereto
. 610,'612, 1510, 1512, 1610, 1612, 2110, 2112: reflected

1ight brightness peak from the .surface of liquid phoéphor.

611, 1511, 1611, 2111: reflected light brightness peak
,fiom the surfacé of liquid phosﬁhor having portion not
ébplied to grooves |

613, 1513, 1613, 2113: reflected light bfiqhtness peak

.:from non-applied liquid phosphdr.
620, 720, 1520, 1620, 2120: brightﬁess signal waveform

630, 632: extracted value of reflected light brightness




1310: light diffusing means 1320: inﬁging means 1330, 1430: conpletely
flat surface with respect to substrate surface 1331, 1431: area including a

part of conpletely flat surface and non-flat surface thdg%?%%Q§§Q099
substrate surface 1420: small inmaging angul ar aperture 1421: |arge

i magi ng angul ar aperture 1550: graph indicating brightness change at the
position of the dotted line u 1.6101612': reflected |ight brightness peak
from .liquid phosphor surface after optim zing the angle of -
incidence/reflection of light 1611'g reflected light brightness peak from
the surface of liquid phosphor having non-applied portion to grooves
.after optim zing the angle of incidence/reflection of -light. 1613':
reflected |ight-brightness peak fromnon-applied |iquid phosphor  after
opt i WeAiknd role taeglsairdfcieneifdddcisy shiosetioon of |ight 1614': reflected

i ght brightness peak fromthe surface of |iquid phosphor-applied nore in
anount thgﬁlapﬁ¥éﬁﬁpﬁﬁé Badupt efbepidepbed 229h{iabyéghipepsobeiki zi ng t he

angl e of incidence/reflection of Iigpt . .
from the surface of liquid phosphor having portion not

applied to grooves

633: extracted value of reflected light brightness peak
from non—applied liquid phosphor

640, 740: brightness peak waveform

650, 750, 1630, 1631: threshold

660: graph showing brightness change at the position of
the dotted line s

670: graph showing brightness peak extracted from.
brightness change at the position of the dotted line s

700, 702: fluorescent layer normally formed in each
groove

701: fluorescent layer .formed in the amount less than

| © the standard value

703: fluoreséent layer which should have been formed in

" grooves, but not formed

‘ 710,'712: brightness peak of fluorescent photogenesis

of fluorescent layer
711:7brightness-§eak of fluorescent photogenesis of
‘fluorescent layer formed in the amount less than the
standard’value |
| 713: brightness peak of fluorescent photogenesis of

" non-formed fluorescentslayer



1620': brightness signal waveformafter optim zing the angle of

i nci dence/reflection of Iight 1650: graph indicating brightness change at
the position of the dotted line v 1650': graph indicati nosdyiddu:ne6s
change at the position of the dotted line v after optim zing the angle of
i nci dence/reflection of Iight 1700: state of incidence/reflection of the
light at angle 0" by groove bottom part 1800: state of

i ncidence/reflection of the light at angle 0' by liquid phosphor surface
1900: state of incidence/reflectiopgof the light at angle O by groove '
bottom part 2000: state of incidence/reflection of the light at angle O by
| i qui d phosphor surface 2130: nask fornmed of nmaterial of |ow light

refl ectance 2150: graph indicating brightness change at the position of
t he dott ed 3V nd 3% 2266racitedi ¥apHes pobragpltnedsdpehbr et in anount for
each cell. 2201: liquid phosphor of flat surface applied to cell 2202,
2204: T 1YRFF FHo BiSdric &fe SHIFREHYpIia®r to cell . -- 2 3 2203:

PR S AL I gt 1 S N S S emin L
photogenesis of fluorescent layer formed in the amount less
than the standard value |

733: extractéd value of brightness peak of fluorescent
‘photogenesis of non—formed fluorescent layer
T760: graﬁh indicating brightness change at the position
of the dotted line t
770: graph indicating brightness peak extracted from
brightness change‘ét the position of the dotted line t
900: gfobve section without any épplication of phosphor
901: part capable of reflecting the reflected light
within angular aperture of groove
1060: section of liquid phosphor of concave surface
1001: part capable of reflecting the reflected light
within angular aperture of liquid phosphor of concave
surfaqe
110Q: section of liquid phosphor of flat surface
-1101; part capable of reflecting the reflected light
within anguiar aperture of liquid phosphor of flat surface
1200: section of liguid phosphor of convex surface
1261: part capable of reflecting the reflected light
“within ahgular,aberture of 1iquid phoéphor of convex surface

1300,_1401; 1402, 1403: parallel light




positions of the dotted lines x and x' 2260: graph indicating brightness
change obtained by averaging signals for wwdth y between the dotted |ines
x and X' 2210: reflected Iight brightness peak fromthe sig&jgﬂmergbujiquid
phosphor of concave surface 2210': reflected light brightness peak fromthe
surface of |iquid phosphor of flat surface 2211: reflected |ight

bri ght ness peak fromthe surface of liquid phosphor obtained by averagi ng
si gnal s 2220: brightness signal waveform obtained fromliquid phosphor of
‘concave surface shape 2220': bri-ghtiness signal waveform obtai ned from
liquid phosphor of flat surface shape 2221: brightness signal waveform
obt ai ned by averaging brightness signal by predeterm ned wi dth 2300:

bt 53,51 91 URIP 0N WIeR, L pybstrate cariying speed 1o changed
2305, orL guhgess, Bgak, | kgcval ien Ligsubst(ple, eeraum cpeed ts
200511g%% changed .
1310: light diffusing means
1320: imaging means
1330, 1430: completely flat surface with respect to
substrate surface
1331, 1431: area includiné a part of completely flat
surface and non-flat surface with respect to substrate
isurfa;e
| 1420: small imaging angular aperture
1421: large imaging angular aperture
15590: graph indicating brightness change at the
:pdsition of the dotted line u ’
1610, 1612': reflected light brightness peak from
.1iquid phosphor sufface after optimizing the angle of
iﬁcidence/reflection of light |
- 1611': reflected iight brightness peak from thersurface
of liquid phosphor having non-applied portion toc grooves
"after optimizing thé.qngle of incidence/reflection of light
_' 16137 reflected light brightness peak from non-applied
liquid phosphor after optimizing the angle of
. incidence/reflection of Light
1614°: reflected light brightneés peak frbm the surface

of liquid_phosphor.applied'more in amount than appropriate



2310: defect point 2320: substrate carrying speed waveform 2350: graph

i ndi cating brightness signal waveformwhen the substrate carrying speed is
changed 2360: graph indicating substrate carrying speed v@yghahiug 28490:
fluorescent layer with the anmount of phosphor |ess than the standard val ue
.2401: fluorescent layer with the standard anmount of phosphor 2402:
fluorescent |layer with ,the anount of phosphor nore than the standard
value . 2410: hem of fluorescent |layer 2420: incom ng |ight 2430, 2431,
2432, 2460: scattering |ight 2440;5imaging nmeans 2450: dielectric |ayer
2521: light of wavel ength of 260 nm or under 2540, 2541, 2542: fluorescent
phot ogenesis 2701: incomng light 2702: reflected light 2703: fl uorescent
phot ogenesis.. 2710: il lum nating nmeans 2711: |ight source part 2712: |ight

fran @I’Ftﬁr ePipising dwte ané_@{el & F}é},qidence/reflectlon of

light
1620': brightness signal waveform after optimizihg the
angle of incidence/reflection of light
1650: graph indicating brightness'change at the
position of the dotted line v
1650": graph indicating bfiqhtness change at the
position of the dotted line v after optimizing the angle of
incidence/reflection of light
1700: state of incidence/reflection of the light at
angle 8' by groove bottom part
1800: state of incidence/reflection of the light at
angle 0' by liquid phosphor surface
 1900: state of incidence/reflection of the light at
-angle O by groove bottom part
2000: state of incidence/reflection of the light at
angle G by liquid phosphpr surface
2130: mask formed of material of low light reflectance
2150: graph indicating bfightneSS‘change at the
positioh of the dottéd line w
2200:'liquid phosphor applied different in amount for
" each cell.
| 2201; 1iquid phosphor of flat surface applied to cell
‘2202, 2204: liquid phosphor of concave surface épplied

to cell



2714: light diffusing nmeans 2715, 2723: |ight pdlarizing direction

sel ecting nmeans 2720: imaging neans 2721: |light receiving part 2722:
i ght converging part 2724: received light intensity att e gtptdoitter Y0NS
2725: imagi ng wavel ength sel ecting neans 2731: signal processing neans
2732: signal transmitting means 2741: noving neans 2742: substrate
carrying neans 2743.: angle adjusting nechanism 2.751: substrate
advancenment sensing nmeans 2752: substrate noving speed neasuring nmeans
2800: target light requirenent setfing stage 2810: inspection starting
stage 2820: waiting stage 2830: inmage capturing stage 2840: signal
processi ng stage 28.50: inspection result outputting stage 2860: .
i nspection_finishing stage 2871: |ight reception acquiring stage 2872:
i |1 uni nat #AY> redhgué8nPherrkarcafarPnyest ayefecseppehbed RO0Sell2e  2873:
| i ght quan%ity adj usti ng.stage . :
22507 graph indicating brightness change at the
positions of the dotted lines x and x'
2260: graph indicating brightness change obtained by
averaging signals for width y between the dotted lines x and
XI
2210: reflected light briqhtness'peak from the surface
of liquid phosphor of concave surface -
22107; reflectedrlight brightness peak from the surface
of liquid phosphor of flat surface
2211: reflected light brightness peak from the surface
of liquid phosphor obtained by averaging signals
2220: brightness signal waveform obtained from liquid
phosphor of concave surface shape
-2220‘:'brightness signal waveform obtained from liquid
phosphor of flat surface shape
2221: brightness signal waveform obtained by averaging
brightness signal by predetermined width
2300: brightness signal waveform when the substrate
carrying speéd-is changed
2301: brightness peak interval
2302: appatent brightness peak interval
2303: brightness peak interval when the substrate .

carrying speed is changed

2304: period in which the substrate carrying speed is



2901, 2902, 3001, 3002: (part of) defect 3003: repaired defect 2910, 3010:

nozzle for repairing defect 2920, 3020: |iquid phosphor E, F, G I, J, K
M N partition wall H height of partition wall Hp: sungggﬁkdm%rgb@5of
phosphor L, L1, L2, L3: predeterm ned. groove width Lp: groove width for
three colors of RG PO: brightness of reflected |ight obtained wthout any
application of phosphor Pl: brightness of reflected |ight obtained when
application volunme of |iquid phosphor is V1 P2: brightness of reflected
| i ght. obt ai ned when application_gg%qge of liquid phosphor is V2 P3:
bri ghtness of reflected |ight obtaihed when application volume of liquid
phosphor is V3 Q R curve indicating the relationship between surface
shape (application volune) of-liquid phosphor and the intensity of
ref | edtaeddd ght U curve indicating the relationship between anount of
phosphor and the intensity of reflected light VO, V1, V2, V3: application
vol une of 2BR§ui depresphoint(V0=0<V1<V2<V3) 6 September 2005 - 27
2320: substrate carrying speed waveform
2350: graph indicating brightness signal waveform when
the substrate carrying spéed’is changed
2360: graph indicating substrate carrying speed
waveform -
2400: fluorescent layer with the amcount of phosphor
less than the standard value
'2401: fluorescent layer with the standard amount of
phosphor
2402: fluorescent layer with the amount of phosphor
more than the standard value |
2410: hem of fluorescent layer
2420: incoming light
2430, 2431, 2432, 2460: scattering light
2440: imaging means
- 2450: dielectric layer
2521: light of wavelength of 260 nm or under
2540, 2541, 2542: fluorescent photogenesis
2701: incoming light
2702: reflected light
2703: fluorescent photogenesis

2710; illuminating means

2711 light source part




X: curve indicating the relationshi p between amount of phosphor and the
intensity of fluorescent photogenesis a, b, c, d, e, f, g, h, i, jj, k, 1
groove of groove wdth L fornmed of partition walls a', dssaﬁkmmerOOQVOOVe
of groove width L3 forned of partition walls b', e, h', k': groove of
groove width L1 forned of partition walls c’ f', i, 1': groove of groove
wdth L2 forned of partition walls In, n, o, p: constant s, t, u, v, w, X,
X': position of obtaining brightness signal waveformfrom substrate to be

i nspected vy:

Qut the I nvention The enbodi nents

integrated width of %ghtness signal Best Mdde for Carrying
0

the present invention wll be

described with a back plate of a PDP as an exanple with reference to the
drawi ngs. Firstly, the basic configuration of the PDP will be briefly
descri bed2dsnglEoht trafpglssips pasthematic cross-sectional view sinply
indicatingathe configuration of the back plate of the PDP. A PDP 10

conpri ses

1BackiphatejeetieherPDP 11 on a back glass substrate 100 in

whi ch a Bartltlon wal | 103 is disposed on a dielectric |ayer 102 6

- Sept enber

2715,
2720:
2721;
2722
27724;
27125;
2731:
2732:
2741 :
27742
2743
2751:
2752
2800:
2810:
2820;
2830:
2840:
2850+
2860:
2871:

2872:

3843 light diffusing means

2723: light polarizing direction selecting means
imaging means

light receiving part

light converging part

received.liqht intensity attenuating means
inaging wavelength selecting means
signal processing means

signal transmitting means

moving'meaﬁs

substrate carrying means

angle adjﬁsting mechanism

substrate advancement sensing means
substrate moving speed measuring means
target light requirement setting stage
inspection starting stage

waiting stage

image capturing stage

signal procéssing stdge

inspection result outputting stage
inspection finishing stage

light reception acquiring‘stage

illuminating means control calculating stage




wi th an address el ectrode 101 di sposed thereon, and RGB fluorescent |ayers
104, 105, 106 are coated therebetween, and a front glass substrate 12 with
a dielectric layer 108 wth display electrodes 107 (di spd Sopeshbd 2805
rotational manner by 90) and a protective |ayer 109 interposed therein.
Here, the principle of em ssion of a plasma display will be described
below. Plasma 110 is generated by sealing m xture gas which consists of _
neon or xenon in a space between the display electrode 107 and t he address
el ectrode 101, and applying the_vg tage thereto, a phosphor at the

sel ected position emts light thereby, and a desired color is displayed by
the conbination of |ight em ssion of each phosphor. Next, a manufacturing
met hod of a flat display panel. w Il be described with reference to Fig. 2
with a back pliatld ghgi qusa Py asiiars texanpltegeFig. 2 is a flowhart sinply
show ng a manuf act uri ngO step of the back plate of the PDP. The

manuf act urd HY meEAed f00lhe UK plratrd off)t WefRPOR  conprises a step 210 of
cl eani ng dos:{j'ryi ng a glass substrate form ng a base of the back plate of
t he PDP, ?10 CTs iy Zat s et a straight pattern el ectrode of a

conductivez ter'ailéy. a étzﬁ%ZSO of formng a dielectric film on the gl ass
‘substrate, s’te"Jﬁ) 40 "G¥ MNg RGN deR8Iats, a step 250 of formng a

fl uoresce y et ween .t he respective partition walls, and a step 260 of
repairi ngrggéé)a'sg);?tztebﬁbéﬁqfdﬁg phosphot

E, F, G, I, J, K, M, N: partition wall

H: height of partition wall
Hp,: surface height of phoSphor
L, L1, L2, L3: predetermined groove width
Lp: groove width for three colors of RGB
PO: brightness of reflected light obtained without any
‘application of phosphor
Pl: brightness of reflected light obtained when
application volume of liquid phosphor is V1
P2: brightness of reflected light obtained when
applicationlvolu@e of liquid phosphor is V2
P3: brightnesé of reflected light obtained when
| application volume of liquid phosphor is V3 |
Q, R: curve indicating the relationship between sufface-
.Shape (application volume) of'liquid.phosphor and the
intensity of reflected light
U: curve indicating the relationship between amount of
phosphor and the intensity:of reflectéd_light
Vo, V1, v2, V3;_application volume of liquid phosphor

{(VO=0<V1<V2<V3)



- 29 defective portion of a phosphor. The step 250 of forming the
fluorescent |ayer between the partition walls will be described belowin
detail. This step 250 conprises a step 251 of applying Id SipéntRhospdor
between the partition walls, a first step 252 of inspecting a formng
state of a phosphor (hereinafter, referred to as phosphor inspection step
(1)), a step 253 of drying liquid phosphor to formthe fluorescent | ayer,
and a second step 254 of inspecting a phosphor formng state (hereinafter,
referred to as phosphor inspection,step (I1)). The step 260 of repairing
the defective portion of the phosphor will be described belowin detail.
This step conprises a step 261 of repairing a defect discovered in the
phosphor inspection step (1) (hereinafter, referred to as a defect
repairi ng%st epirve) indigad iagsttép 262 adfionepaipr bejgwactdekbecundi s¢overed in
the phosphor inspection step (11) (hereinafter, referred to as a defect
r epaivhaplyiemnd 190e intcadditty orf, filmooredarentto predldgesadssi red col or
display in the PDP by using three kinds of RG col or devel opnent, it is
necessary oY ofm theef| Gor Sscént il ayer kof lt:hgeeowsl efs 9rtePvRGB As shown in

Fig.. 1, and the step.-250 of formng the fluorescent |ayer between the
par t iYFYM val fgned ©f gsadiidd on %imes. In particular, the present

~invention nel%ges to the phosphor inspection step (I) 252 and the phosphor
inspectioﬁ ’ r 9', J': grcove of groove width L3 Tormed of

partition walls

b', e', h', k': groove of groove width L1 formed of
partition walls

C‘, £f'y 1i', 1': groove of groove width L2 formed of
partition walls

m, n, o, p: constant

s, &, u, v, w, %x, x': position of obtaining brightness
signal waveform from substrate to be inspected

y: integrated width of brightness signal

'Besthode for Carrying Out the invention
The embodiments of the present invention will be
described with a back plate of a PDP as an example with
reference to the drawings.
Firstly, the basic configuration of the PDP will be
briefly described using Fig. 1. Fig. 1 is a schematic
cross—-sectional view simply indicating the configuration of
~ the back plate of the PDP. A-PDP 10 comprises a back plater
~of the PDP 11 on a back glass substrate 100 in which a

partition wall 103 is disposed on a dielectric layer 102



- 30 step (Il) 254. The present invention is characterized in that the
opti mum optical condition for the optical inspection of the phosphor is
determ ned according to the structural characteristic ofs dhentbogat e
which is an object for inspection, the determ ned condition is reflected
on an inspection apparatus to carry out the inspection with excellent
accuracy, causes of abnornmalities in the step are estimated by information
on defects if any defective substrate is generated, the step is

i mredi ately corrected to prevent &By-defects in the fluorescent |ayer, and
the yield is ensured by rapidly repairing the defective substrate. Next,
the substrate with the fluorescent |ayer disposed thereon will be

deSC&EQﬁdaﬂngggggggrgm St%8?gigél §lséo§@g @her% b8; §nhSR@BSChenat'C

| lustration o € Ssu stra avi ng ~grooves, I's a schematic

'!lUEEG gggeﬁE g9§e§gb§b&atgoahaYb@gageoe5s§eeftﬁ@fggekwagﬁ of groove

w dt a schemaiic illustration of the substrate havi ng
gr oougg aS%EBhﬁneﬂaEQrsBB§€§5€éﬁnQedlﬁﬁaaedheléberlbOngyéydnoal di rection
by the partition™walls, respectively. In Fig. 3, a substrate 300 conprises

a 9'ﬁi%hSH@§bE§§eeléQQroaeB|@03|KH¥sgﬁa§bﬁahghh patieisnel ectrodes 101, a
dielectric film102, and a plurality of partition walls 103. On the

subskeaher3gy, sa spam@.be@wmm@ddﬁyerxﬂyeﬁleBVWdﬂerpdnﬁdiﬁneréxn.exanple,
a partition wall E and a partition wall F out of the plurality of
partiti onHaeé) stl®3ptrsnciple of emission of a plasma display
will be described below. Plasma 110 is generated by sealing
mixture gas which consiéts of neon or xXenon in a space
between the display electrode 107 and the address electrode
101, and applying the voltage thereto, a phosphor at the
selected pdéition emits light thereby, and a desired color
is diéplayed by the combination of light emission of each
phosbhor. |
Next, a manufacturing method of a flat display panel‘
will be described with reference to Fig. 2 with a back plate
of the PDP as an example. Fig. 2 is a flowchart simply
showing a manufacturing step of the back plate of the ?DP;
rThe‘manufactufing method of the back plate of the PDP
compriSeS a step 210 of cleaning and dfying a glass
-substraté forming a base of the back‘plate of the PDP, a
step 220 of forming.a straight battern electrode of a
. conductive materiai, a step 230 of forming a dielectric film
on the glass substrate, a step 240 of forming partition

Awails, a step 250 of forming a fluorescent layer between the .

respective partition walls,.and a step 260 of repairing a



6 Septenber 2005 - 31 defined as a groove 115. As a matter of course, a

plurality of grooves of the sane width L are forned on the substrate 300.
In Fig. 4, the substrate 310 conprises a glass substrat ¢ d&Q@mirpboyal ity
of straight pattern electrodes 101, a dielectric film102, "and a plurality

‘of partition walls 103. On the substrate 310, a space between the

partition walls held by, for exanple, a partition wall G and a partition

wall | out of the plurality of partition walls 103 is defined as a groove
116, a space between parti.tion ya%%s_ held by the partition wall | and a
partition wall J out of the pluratity of partition walls 103 is defined as

a .groove 117, and a space between partition walls held by the partition
wall J and a partition wall K out of the plurality of partition walls 103
i s defdfeadt iage poriveve ofl 8 phoegpeot. vahe sTeips 250aps theatmitly ee ki nds of -
the grooves 116, 117 and 118 are constituted orderly on the substrate 400
so t idte tihlarqrassnesn twildtve s dtd tefdeas ithre pangdudlont wed1sofwillll ©e2<L3. The ki nd
of the grooves is preferably at |least two, but not limted to three as
showdgsFHikpd beliqy Fing degaid subtiatsd @26 Sforpribsdses @ adepsubstrate
100, a plurality of straight pattern electrodes 101, a dielectric film
102, & lplUr AR 619 Jdigiid shicgiar hodweeandheaperidlt ivar watlilen wal | 111

(herealr]faft r, referred to as

1rst step 252 of inspecting a forming state of a phosphor
{hereinafter, referred to as phosphor inspection step (I)),
a step 253 of drying liquid phosphor to form the fluorescent
layer, and a second step 254 of inspecting a phosphor
fbrming state (hereinafter, referred to as phosphor
inspection step (II)). The step 260 of repairing the
defective portion of the phosphor will be described below in
detail. This step comprises a step 261 of répairing a
defect discovered in the phosphor inspection step (I)

- {hereinafter, referred to as a defect repairing step (I)},
and a.stép 262 of repairing a defect &iscpvered in the
phogphpr inspection step (II) {(hereinafter, referred to as a
defect repaifing stép (I1)).

IVIn addition, in order to realize desired coior display
in the PDP by using three kinds of RGB color development, it
is necessary to form the fluorescent'layer of three colofs
of RGB as shown in Eig. 1, and the step 250 of forming the

' fluorescent layer between thé partition wails ié repeated
three times-

In particular, the bresent invéntion'rélates to the

phosphor inspection step (I) 252 and the phosphor inspection



"transverse rib") formed in the direction. orthogonal to the 6 Septenber
2005 - 32 partition wall 103. On the substrate 320, a part held by, for
exanple, a partition wall Mand a partition wall N but ofsddagniRlto@d ity of
partition walls 103 is defined as a groove 119 having transverse rib, and
a part section by the partition wall 103 and the transverse rib 111 is
defined as a cell 120. Further, in Fig. 5 the groove width of the
plurality of grooves 119 having transverse ribs is constant, but a
plurality of kinds of groove w dthy@s shown in Fig. 4 may be acceptable.
Next, the substrate with liquid phosphor is applied thereto by perform ng
the step 251 of applying liquid phosphor between partition walls on the
substrate 300 in which a fluorescent |ayer shown in Fig. 3 is forned wll
be dEsdtibled a&a°%Bn Shmpteesfitth irafeartdgee itto dhiaga@.erfizpd B is  a
schematic illustration indicating the Iiquid phosphor applied to the

gr oo &nd 1t it ey AR vearestidrian distraitied amEitgad phosphor i nspecti on

“step (1) of the ent. invention. . As descrjbed above, in order to realize

desi r' i?:%‘?’b’rorbicgéle nﬁi}‘q}‘"ﬁqﬂf tit S NaTHSI S ARABTEIGr evdioprent in the

Or B IR P R TSRO LYEIE L 2 P ot er e

attention.d SedRAg 40 & S84 determined condition is reflected
on an inspection apparatus to carry out the inspection with
excellent accuracy, causes of abnormalities in ‘the 5tep are
estimated by information on defects if any defective
substrate is generated, the step is immediately éorrected to
prevent any defects in the fluorescent layer, and the yield

- is ensured by rapidly repairing the defective substrate.
Next, the substrate with the fluorescent layer disposed
thereon will be described with reference to Figs. 3, 4 and=5.
Fig. 3 is a schematic illustration of the substrate having
grooves, Fig. 4 is a schematic illustration of the éﬁbstrate
having grooves of three kinds of groove width, and Fig. 5 is
a_schematic illustration of the substrate having grooves
sectioned for predetermined spaée in the_loﬁgitudinal
direction by the partition'wélls, respectively.
In Fig. 3, a substrate 300 comprises a glass substrate

100, a plurality of straight pattern electrodesrlol, a
dielectric film 1@2, and a plurality ofrpartition walls 103.
6n the substrate 300, a space between the partition walls
héld by,.for'exaﬁplé, a partition wall E and a partition

wall_F out .of the plurality of partition walls 103 is



" inspe

color of RGB, the certain color nust be applied orderly across two grooves

as shown, by |iquid phosphor 600.,- 601, 602 6 Septenber 2005 - 33 and 603
applied to the grooves b, e, h and k in Fig. 6. In [iquigsghaataooapp!ied
to the desired grooves, solvent conponent is renoved by performng the
drying step 253, and the fluorescent layer is formed on the groove. In
addition, in Fig. 6, the fluorescent |ayers have not been forned on the

grooves a, ¢, d, f, g, i, j. and 1. However, the fluorescent |ayers of
another or two other colors have ppssi bly already been fornmed due to the
schedule of the step. As a still another exanple, the substrate with the

.f1uorescent layer of a certain color forned thereon by performng the
step 250 of formng the fluorescent |ayer between the partition walls on
the siffstied SB0D MWW el £ | fBT esdbritt Payeh ahowied e migirad it med
thereopn will be described with reference to Fig : . 7 1s a schematic
i |1 usty ATV Ghd athhgate Fiddt dscam fopad gin aFtt%rS(L%isﬁraﬁ’{ﬂ or formed on
t he g%ﬁ?ve and the brightness signal waveform obtained by the phosphor

on step (I1) of the present invention. As described above, the.

fluorescent, Eha ers % gbﬁg-gtgégzgﬁﬁgbéggwﬂﬁiéﬁbe quned orderly on the

grooves b, and P9 de to an abnormality

in trﬁhﬁ%é%%té*¥héﬁnﬁ”ﬁldﬁaﬁ¥¥§”¥¥”sé¥hléﬁ% pattern electrodes

101, a dielectric film 102, and a plurality of partition
walls 103. On the substrate 310, a space between the
partition walls held by, for example, a partition wall G and
a partition wall I out of the plurality of partition walls
103 is defined-asra groove 116, a space between partition
walls held by the partition wall I and a partition wall J
~out of the plurality of partition walls 103 is defined as a
groove 117, and. a spacé between partition walls held by the
partition wall J and a partition wall K out of the plurality
of partition walls 103 is defined as a gfoove 118,
respectively. This means that three kinds of the grooves
116, 117 and 118 are constituted orderly on thefsubstrate :
400 so that the groove widtﬁ,satisfies the inequalitiéSfof
-L1<L2<L3} The kind of the grooves is preferably at least
two, but pot limited to three as shown iniFig; 4.

In Fig. 5, a'suﬂstrate 320 comprises a glass substrate
100, a plurality of straiéht pattern electrodes 101, a
idielectric film 102, a plurality of partitipn walls'lb3r and
another partitioh wall 111 (hereinafter, referred to as-

"transverse rib") formed in the direction orthogonal to the



fl uorescent layer 701 is smaller than the standard value,. and any

rescent layer is not forned in the groove k in which the-fluorescent

| ayer should be present. By 6 Septenber 2005 - 34 perf orgddptenitie 266£p 250
ormng the fluorescent |ayer for two other colors, the RG fl uorescent
rs will be formed in a predeterm ned repeated order (for exanple,:

fluo

of f
| aye

BRGBRG ) One of especially inportant factors for determ ning

brig
| aye
of p
phos

gr oo

| um nous

ht ness in PDP includes the amount of phosphor in the fluorescent
r. There is a tendency in that%%he brightness. is lower if the anount

hosphor is small while the br

htness is higher if the amount of

phor is large, and if no phosphor is applied, no |light em ssion occurs
as a matter of course. In addition, if grooves of the large, small and no
anoumtardfi tphos pladrl dris .pr éserthd rsudbatioedd: IvENner partohe isulbstrate, these

ves cause irregularities in |um nous brightness of the PDP,

naturally

r esulfidimegxamp ldef ectriard igricdustas.l Thenwbras tpagdlide cof wield. phemdnenon t hat
anount of phosphor of the fluorescent layer is not consistent is

t he

irregf

to
proc
of |

FESFNVED 1gro S\pee Th ALides vedrsde i ipti mchg Redt Gelattiesg bap i

dtiet irdg1nad Iy eifd petrdsiption applliscdtdons wedn nleidgaisd aphosphor

i s"applied to grooves. Generally known methods of applyin Ii?éjd phosphor

essi ng,. and ggzzle application. If any trouble occurs in application

PGt s By & sk thet fdddsug s (rib 111 is defined as

a cell 120. Further, in Fig. 5, the groove width of the
plurality of grooves 119 having transverse ribs is constant,
but a plurality of kinds of groove width as shown in Fig. 4
may be acceptable.'

Next, the substrate with liquid phosphor is applied

thereto by perfofming the step 251 of applying liquid

- phosphor between partition walls on the substrate 300 in

"which a fluorescent layer shown in Fig. 3 is formed will be

described as an example with reference to Fig. 6. Fig. 6 is

- a schematic illustration indicating the liquid phosphor

applied to the groove and brightness signal waveform
obtained by the phosphor inspection step (I) of the present
invention, |

As described above, in order to realize desired color

'display by using three kinds of RGB color development in the

PDP,'it is necessary to form RGB fluoreScent'layers‘in a

predetermined repeated ordér (for example,: BRGBRG:) as

shown in Fig. 1. Thus, if attention is made to a certain

color of RGE, the certain color must be applied orderly

across two grooves as shown by liquid phosphor 600, 601, 602



wi t hout any application of |iquid phosphor is generated as shown as.601 in
Fig. 6, or a groove to which liquid phosphor 1is not conpletely applied as
in 603 is generated. If any substrate having troubles ig SuehiR: 3i@te of
application of - 35 |iquid phosphor is subjected to the step 253 of
formng the fluorescent layer by drying |iquid phosphor, a defective
substrate having a fluorescent |ayer of different anmount of phosphor on
one substrate is manufactured. In addition, causes of generation of
irregularities in application by {he above |iquid phosphor applying method
i ncl udes cl ogging of a screen and defective adjustnent of a phosphor
applicator in the screen printing, defective. adjustnment of the phosphor
applicator and adhesion of foreign nmatters to a photo mask in the

phot endi tHigeapiied Frotéesiorgovand bel eggibngndf kndrzIFé gholées dmd
non-uniformty in application pressure caused by abnormalities of a

pr essdAichghasvines, apid lied thooliice sleisi ragplireateon  satltenbut abl e theret o

~occur once, they will cause continugus defects in the total substrates. An
|nsp@@@?@ﬁeﬁ§tﬁédrﬁﬁoge§|?ﬁlQ@ﬁﬁ%ﬁ&ln&ft@ﬁedﬁﬂé§€nﬁtepn@éﬁtlé@¢ nproves the
yi el oductsn?y rapi dl.y etec%L gucontlnuous defects with high
accu & GFFEF Févént OFHEN G §h§hﬁ§ﬁﬁﬁﬁ of the above defective

substrate 948y uent teps hos hor | nspectio step, (1) 252 and
t he phosphor |§sge8ﬁroﬁ &B- {Fr) 5 PuSPesent "TRYErs *Ravd  ibe

been formed on the grooves a, <, 4, £, g, i, 7 and 1.
However, the fluorescent layers of another or two other
colors have possibly already been formed due to the schedule
of the step.
As a still another example, the substrate with the

- fluorescent layer of a certain color formed thereon by
perfofming the step 250_of'fqrming the fluorescent layer

" between the‘partition walls on.the substrate 300 with the
fluorescent layer shown in Fig. 3 formed thereon will be
described with reference to Fig. 7.  Fig. 7 is a schematic
illustration indicating the fluqrescent layer of a certain
colbr'formed_on the groove and the brightness signal
wéveform obtained by the phosphor inspection step (II) of
the présent invention. As described above, the fluorescent
layers 700, 701, 702 and 703 must'be formed orderly on the
Qrodves b, e, h and k across two grooves. In Fig. 7, due to

an abnormality in the step, thé amount of phosphor on the
fIUOrescent layer 701 is smaller than the standard value,.

" and any fluorescent layer is not fofmed in the groove k in

which the fluorescent layer should be present. By



estimating the causes of abnormalities in the steps from information on
defects, correcting the step imediately to prevent any defects of
irregularities in brightness generated in the fluorescents da3y¥eiber A5
rapidly repairing 6 Septenber 2005 - 36 any defective substrates. In order
to inspect the phosphor form ng state, the above conventional technol ogy
can be used. This neans that the phosphor formng state is inspected by
the change in the obtained imaging brightness by allowing the |ight to be
i ncident on the phosphor at a prede{ernined_angle of incidence, and
receiving the reflected Iight ffbd? he phosphor at a predeternined angle
of reflection. However, if the object for inspection such as the back plate
of the PDP has a conplicated structural characteristic, and subjected to

a | apge frumdiery ahenarefraalr iofg Strefisg tihe fiandaactant ngyveendioki on of t he
object is changed and the pattern shape formng the surface is changed

unl esgvo adjhest iovnd drlve dptd GalB ddndinesarsts Uctyeass thid lamgl €oafned nci dence,
the angle of reflection, the wavel ength, the intensity, the scattering and
the pal & ipziag dinmdarechrr apfeatieve dnssyye dificon dxaginl econ$iREERGNG t he
structural characteristic of the object for inspection, and problens

occur in PR&t ofhespaspadtvonnpestpaty frstesasitasr detgrndagnaded, or the

i nspection cannat be carried out if the
Juminous brightness in PDP includes the amount of phosphor

in the fluorescent layer. There is a tendency in that the
brightness is lower if the amount of phospho: is small while
" the brightness is higher 1f the amount of phosphor is large,
and if no phosphor is applied, no light emission occurs as a
matter of course. In addition, if grooves of the large,
small and no amount of phosphor are present in a mixed
manner in one substrate, these grooves cause irregularities
in luminous brightness of the PDP, naturally resulting in
defective products. The worst cause of the phenomenon that
the amount of phosphor of the fluorescent layer is not
consistent is irreqularities in liquid phosphor application
when liquid phosphor is applied to grooves.
Generally known methodsrof applying liquid phosphor te
desired grooves include screen printing, photo-lithographic
'prbceseing, and nozzle appiication. If any trouble occurs
in epplication of iiquid phoephor_by'these methods, a part
without any ap?lication of liquid phosphor is generated‘as
shown as-GOIuin Fig. 6, or a groove to which liquid phosphor
-isrnet completely applied as iﬁ 603;15 generated. If any

substrate having troubles in such a state of application of




~st ruct ural characteristic is different by the stage.of the . nmanufacturing

step even when the products are sane. Description will be nade bel ow on the
detail ed problenms of the conventional technology and th

problens - in the inspection nethod of the present inventﬁ%%%&%ﬁkgaggg

Sept enber 2005 - 37 conparing themw th each other. Firstly, description
w Il be made on a case of carrying out the inspection in the phosphor -

i nspection step (1) 254. At the tinme of the phosphor inspection step (I)
254, phosphor which is an object g% inspection is applied in liquidto a
groove conprising partition walls the substrate. Here, reflection of
the reflected light at the .angle of incidence of the incomng light is
defined as the regular reflection, the reflected light which is regularly
ref | ekt d phiefrihmed ias alie) edgul ard ythefdeas ebd ightforandg tihe: | i ght
reflected in the angul ar aperture when a .predeterm ned angul ar aperture
for caprargsupnthe dyaghtby chptivresl isquidgshosierequldaiaciriefd ected light is
defined as the reflected Iight in the angular aperture, respectively, and
t hey s tusde B ovird Herfeluaims gatithcigrer amd piriols et efncund jafspecti on of -
the application state of liquid phosphor applied to the substrate by the
convetfaiar Vet cgiPsbuptsarks dwifageredpti cal i nspection technol ogy

for captu&hn%d%g%iregularly

on, causes of generation of irregularities in
application by the above liquid phosphor applying method
includes clogging of a screen and defective adjustment of a
phosphor applicator in the screen printing, defective
adjustment of the phosphor applicator and adhesion of
foreign matters to a photo mask in the photo-lithographic
'processing, and clogging of nozzle holes and non-uniformity
in apﬁlication pressure caused by abnormalities of a
pressurizing device, and if troubles in application
attributable théreto occur once, they will cause continuous
defects in the total substrates.
An inspection method of a display panel of the present
invention improvés the-yield of produccs by rapidly
'1detéctiﬁg continuous defects with high accuracy in order.to
prevent continuous shipment of the above defective
substrates tc subsequent steps in the phosphor inspection
;ctep (13-252 and the phosphor inspection stép (1I1) é54,
‘:estiméting the causes of abnormalities in the sceps frcm
infOrmation on defects, correcting the step immediately to
éfevent any defects of irreqgularities in brightness

generatéd in the fluocrescent layef, and rapidly repairing



reflected light are successively described with reference to Figs. 6, 8§,
9, 10, 11 and 12. Fig. 8 is a schematic illustration indicating the

rel ationship between the surface shape (application vol tQhbdrbogs d
phosphor and the intensity of the reflected light (hereinafter, referred
to as "surface shape.-- brightness correlation"). Figs. 9, 10, 6 Septenber

-2005 - 38 11 and 12 are schematic illustrations indicating the

rel ati onship between the |iquid phosphor application volume and the :
surface shape after application thereof. Firstly, the relationship between
the application state of quuid"bﬂ%ébhor and the obtained brightness of
the reflected light will be successively described with reference to
Figs. 8 9, 10, 11 and 12. For easy understanding, a: predeterm ned

appl iecat idefectclveresuwtiratdef.i ned as a reference. The surface shape of

| i qui d phosphor in this case is flat (parallel to) with respect to the.
substrat eIsuptdee &s shepacbytthephbgphdr fhosphgorstd08,i bh&ig. 11. Wth
the application volunme V1 (<V2) which is snmaller than this reference, the
sur f Ves lgpe eoft loingui d eghosgleary icsinc drc avsedai t Fhriespeenst ahtate  substrate

‘surface as shown by the liquid phosphor 1000 in Fig. 10. On the other

hand Eh& PRosREozpflarednidons badleurs VBspesvzd Wi chei shhaggerint e t he
reference, the surface shape of liquid 'phosphor is convex with respect to

" the & pgpeimaging brightness by allowing the light to be

incident on the phosphor at a predetermined angle of
incidence, and receiving the reflected light from the
phosphor at a predetermined angle of reflection. However,
i1f the object for inspection such as the back plate of the
PDP has a complicated structural characteristic, and
subjccted to a large number of manufacturing steps, the
manufacturing condition“of the object is changed and the
pattern shape forming the surface is changgd unless
adjusting the optical conditions such as the angle of
incidence, the angle of reflection, the wavelength, the
intensity, the scattering and the polarizing direction of
the inspection light considering the_structural.
charactéristic of the object for inspection, and problems
occur in that the inspection accuracy is considerably_
degraded, or the inspection cannot be carried out if the
structural characteristic is different by the stage of the
"manufacturing step even when the products are-same;
Description will be made below on thé detailed problems
' of thé'conventioﬁal technology and the solution of problems

in the inspection method of the present invention while



surface as shown by the Iiquid phosphor 1200 in Fig. 12. In addition, with
the application volune VO = 0 (<V2) when non-application occurs in which

any liquid phosphor is not applied conpletely, no quui¢ggﬂm§mﬁygod§
present in the groove as shown by 900 in Fig. 9, and the surface shape is
of concave shape constituted by the partition walls and the dielectric

| ayer. 6 Septenber 2005 - 39 As described above, when the reflected |ight
reflected by the surface of |iquid phosphor is captured, the surface is
flat in the reference liquid phosph?r 1100, and the regularly reflected

i ght fromevery area 1101 of t hie 1 quid surface can be captured, and the
obt ai ned brightness signal w1l be maxi mum On the other hand, on the

| i qui d phosphor 1000, a part capable of reflecting the reflected light in
t he amgulaaringaférmume the eamds caihear.ea 1001 shown in Fig. 10 since the
surface i s concave, and the obtained brightness signal becones snaller

t han that Fhysthg, | dgqacdiphosphwi l$ubtanedd160. al naaddbfi earrt/hhg ef f ect
becones nore remarkable as the application volune V becones snaller, i.e.,
as t Rt divef deepsivdpenofin itge ehplsodpmor nspectnsndertap Y ITorRS4 .concave t han
the flat shape. Further, in the liquid phosphor 1200, the surface shape is
convét, Hhige Ghavet ofapilsl Shebpbel| dasipegtike sékbediied 254,

phosphor which is an object of inspection is applied in
liquid to a groove comprising partition walls on the
substrate. Here, reflection of the reflected light at the
angle of incidence of the incoming light is defined as the
regular reflection, the reflected light which is regularly
reflected is defined as the regularly reflected light, and
the light reflected in the angular eperture when a
predetermined angular aperture for capturing the light
captures at least the regularly reflected light is defined
as the reflected light in the angular aperture, respectively,
and they are used below.

Here, the principle and problems'of the inspection of
the applicationrstate of liquid phosphor:applied fo the

- substrate by the conventional technology, in particular, the

optical-inspeetion technology for capturing the regularly
reflectedrlight are successively described with referenee to
Figs. 6, 8, 9, 10, 11 and 12. Fig. 8 is a schematic |
illustration indicating the relationshiquetween the surface
éhape (applieation volume} of liquid phosphor and the
inteneity of the reflected iight (hereinafter, referred to

'es fsurface shape —'brightness correlation"). Figs. 9, 10,



t he obtai ned brightness signal becones smaller than that of the liquid
phosphor 1100. In addition, this effect beconmes nore. remaLkallee286s the
application volume V becones larger, i.e., as the surface Shape of liquid
phosphor is considerably nore convex than the flat shape. In the
non-application state 900, the reflecting surface is flat, and regul ar
reflection easily occurs. 6 Septenber 2005 - 40 However, since a bottom
part of a reflecting surface is |lower than a part with |Iiquid phosphor
applied thereto, the reflected tidht~in the angular aperture is easily

bl ocked by the partition walls, the part capable of reflecting the
reflected light in the angul ar aperture fornms an area 901 shown in Fig. 9,

and the o ained Hrd ghiasis: sigRAt rdis orsdTaldrcdtiany tdhat of the liquid
phosphor 1100. The curve Qin Fig. 8 is a graph indicating the o
r el ationstignPetpeen dda iy hies pheys @t i Gatlem s ludde iquid
phosphor surface shape, and the obtained brightness with the brightness in
Y- axiandnthens fur fidves |digppicd afolas piygrl iap icattironcast une or the liquid
phosphor surface. shape in X-axis. This neans that the brightness becones
~.maxi mum whestilye $ief aed agfi ohistipd belerepnort hies ablpdti cadmdnt beatebt ai ned
brightness becones snaller when the surface shape is convex or concave or
non- apbl }icatidbphefsghiqquiahdHdepmirtained brightness of the

reflected light will be successively described with

reference to Figs. 8, 9, 10, 11 and 12.

For easy understanding, a predetermined application

volume V2 is defined as a reference. The surface shape of

liqgid phosphor in this case is flat (parallel to) with

rgspect to the substrate surface as shown by the liquid

phosphor 1100 in Fig. 11. With the application volume V1

(<V2) which is smaller than this reference, the surface

shape of liquid phosphor is concave with respect to the

substrate surface as shown by the liquid phosphor 1000 in

Fig. 10. On the other hand, with the application volume V3

(>V2) which is larger than the reference, the surface shape

of liquid phosphor is convex with respect to the subsirate

surface as shown by the liquid phosphor 1200 in Fig. 12.

In addition, with the application volume VO = 0 (<V2)
when non-application occurs in which any liquid phosphor is
. not applied completely, no liquid phosphor is-preseﬁt‘in the
groove as shown by 9007in Fig. 9, and the surface shape is

of concave shape constituted by the partition walls arnd the

dielectric layer.



In the inspection of the application state of |iquid phosphor by applying
t he conventi onal technol ogy using an optical systenlcapturing the

regularly reflected light, the :liquid phosphor applica
measured by using the relatlonshlp between the liquid phEQ%hor app |cat|on

vol une, the liquid phosphor surface shape and the intensity of the
obt ai ned bri ghtness, and determ ning non-defective or defective products.
A problemw th the conventional technol ogy includes 6 Septenber 2005 - 41
that the correlation between the surface shape and the brightness is
steeply changed in the vicinity of3% flat surface shape as indicated by
the curve Qin Fig_ 8, and the brightness is changed | ess with other
surface shape. This neans that the conventional technol ogy has the

i nspect i OBs gierRSirtibeidl ¥horky Whed RALI QWrNARGRJ qflglhme re¢#h baeggshape
(application volune) around a part of flat surface shape of liquid

phosphorthd msuntihefe Wi dsiqditl gHepgiisped i@ibrdidd,l 2img ded® ationship of
. the curve Q determination is only available for ‘whet her or not the

sur f aice Shepeirofthd imguficd-gphesgheniiics dfHatphdm iaraer 4 reasure the surface
shape of |iquid phosphor, i.e., the application. volunme with high accuracy
i n a xggld arang e cofl esurdfdadd ghapecrapptd oatd e Mallunrs) thiecomirpni-appl i cation
to flat surface shape, the correlation between the surface shape and the
br,gﬁﬂﬁé§§e can be captured, and the obtained brightness signal

will be maximum.

On the other hand, on the liquid phosphor 1000, a part

capable of reflecting the reflected light in the angular

aperture becomes an area 1001 shown in Fig. 10 since the

surface is concave, and the obtained brightneés signal

becomes smaller than that by the liquid éhosphor surface

- 1100. 1In addition, this effect becomes more remarkable as

the application volume V becomes smaller, i.e., as the

surface shape of liquid phosphor is considerably more

concave than the flat shape.

Further, in the liquid phosphor 1200, the surface shape

is convex, the part éapable of reflecting the reflected

light in the angular aperture'becomes an area 1201 shown in

Fig. 12, and the obtained brightness signal becomes smaller

than that of the liquid phosphor 1100. In addition, this -

efféct becomés more remarkable as the applicatioﬁ volume V.

becomes larger, i.e., as the surface shapé of liquid

phosphor is gonsidérably more convex than the flat shape.

In the non-application state 900, the reflecting

- surface is flat, and regular reflection easily occurs.



must be substantially proportional as a curve Rin Fig. 8. In the
conventional technol ogy, the reason why the correlation between the
surface shape and the brightness is expressed |ike the @lMeerRdraodhat an
imaging neans is strongly apt to capture only the reflected light.fromthe
surface conpletely flat wwth respect to the substrate surface in the
conventional technology. To solve the problem the correlation between the -
surface shape' and the brightness shown by the curve R can be.obtained if.
constituting an optical systemfor capturing the reflected 6 Septenber 2005
-- 42 light froman area includiA§ tThe surface conpletely flat wth
respect to the substrate surface and the one part of no-flat surface.
Thus, in the inspection nmethod of the present invention, it is devised

that Ndweeddff usivdd ya Glotthen ipspecs £ of +d Adct shd naeased, i and the inmage
capture angul ar aperture of the inmaging neans is extended. These devi ses
Wil | bewcdeschiabed with wieflerenpeid i gsho d @ it tHd residd y, tide ef fect of
the increase in diffusivity of the inspection light will be described with
r ef eremtletioedri gightl 3in Wien anyulaghipaifinsiing amainisy I3k lsd nof

installed, the parallel light 1300 is incident on the |liquid phosphor

sur f alelee azat et igreom s | i g H:B801 adpdiele bef noe Paraliret ,trend only the
reflected light 1301' is incident on an imaging nmeans 1320. This neans

t hat 1rq:$,1€%cht;€§i CJaiS@}t tHe t‘}hﬁig':m@llar aperture forms an area %01

shown in Fig. 9, and the obtained brightness signal is
. smaller than that of the liquid phosphor 1100.
The curve Q in Fig. 8 is a graph indicating the

_ relationship between the liquid phosphor application wvolume,
_the liquid phosphor surface shape, and the obtained
brightness with the brightness in Y-axis and with the liquid
phosphor application volume or the liquid phosphor surfaée.
shape in X-axis. This means that the brightness becdmes
-maximum when the surface of liquid phosphor is flaﬁ, and the
obtained brightness becomes smaller when the surface shape
is Convex Oor concave or non—application‘of_liquid phosphor,
In the inspection of the application state of liqﬁid
phoéphor by applying the conventional technology uéing,an
optical system capturing the regularly reflected light, the 
liquid phosphor applicafion volume is measured by using the
relationship between the liquid phosphor application volume,
therliquid phosphor surface shape and the intensity'of the
obtained brightness, and determining non-defectivé_or
defective products.

A problem with the cdnvenﬁional technology includes



means 1320 captures only the reflected. light froma surface 1330
conpletely flat with respect to the substrate surface. On the other hand,
when the light diffusing means 1301 is installed, the pg;@ej \Shbek by 1300
is diffused by the light diffusing neans 1310, and incide P on the liquid
phosphor surface as diffused lights 1301, 1302 and 1303 incident on the
| i qui d phosphor, surface at various angles, and the reflected |ights
.13011, 1302' and 1303' are incident on the inmaging neans 1320. This
means,. in this case, the imging , means 1320 captures the reflected |ight
froman area 1331 including the surface conpletely flat with-respect to
the 6 Septenber 2005 - 43 substrate surface and a part of the surface not
flat thereto. Thus, the correlation between the surface shape and the

br i ghthegs s:hgetco raledseri ono Hehteveeur \WheR duy flaner ehsipg anle thai ffusivity of the
inspection light. Next, the effect of the increase in the inmage capture
angularigdperdas a sofs ticwg liynmadiangreneams thid vilke ndégycoitbed Adiatth reference to
Fig.. 14. Wien an image is captured by the inmage capture angul ar aperture
1420, sutfeaqsardidns ds ghndsi cal40i byl 402 awd vE4@3 iar & lianciSdemndorkbiche i quid
phosphor surface, and only the reflected Iight 14011 is reflected in the
i magd Eapttures sandgulcdangsst thass WAl oiisyr mearacehshapg.n tihiis case, the
i mge capture neans captures only the reflected |ight fromthe surface
14301%%ﬁﬁ1éﬂgﬂytﬁﬁapqmqﬁgtlonal technology has the inspection :

sensitivity only in a narrow range of the surface shape
{(application volume) around a part of flat surface shape of
liquid phosphor. In other words, in the inspection
utilizing the relationship of the curve Q, détermination is
dnly available for whether or not the surface shape of
liquid phosphor is flat. In order to measure the surface
shape of liquid phosphor, i.e., the application volume with
high accuracy in a wide range of surface shape (application
volume) from non-application to flat surface shape, the
correlation between the surface shape and the brightness
must bé substantially proportionél as a curve R in Fig. 8.
In the conventional technology, the—reaéon_why the
éorrelation betweén the surface shape and the brightness is
expressed like the curve Q is that én imaging means is |
rstrongiy apt to capture only the reflected light from the
‘surface completely flat with respect to the substrate
"su;face in the conventional‘technolbgy. To solve the
préblem, the correlaﬁion between the surface shape and the
brightness shown by thé curve R can be obtained if

.conétituting an optical system for capturing the refleCtéd



respect to the substrate surface- On the other hand, when an inage is
captured. by the inmage capture angul ar aperture .1421, the parallel lights

- 1401, 1402 and 1403 incident on the |iquid phosphor surfqgggﬁ%gxﬁgééﬁcted

by the liquid phosphor surface, respectively to formthe reflected |ight
1401', 1402' and 1403', and all of themare reflected in the inmage capture
angul ar aperture 1421. This neans that, in this case, the inaging nmeans
captures the reflected light froman area 1431 including the surface
conpletely flat with respect to the substrate surface and a part of the
surface not flat thereto. Thus,” tife Torrel ation between the surface shape
and the brightness gets close to the curve R by 6 Septenber 2005 - 44
i ncreasing the inage capture angul ar aperture of the inmaging neans.
Cenerlalghyt: dpeakiang avda tihe IntE@e capt 4iue fargulcamplapentureaks i ncreased,
the intensity of ‘the light incident in the inmaging neans is also
i ncr easdd relspedte to ghie efibtsheatiensensieiy pol lthes ohhapatheocapacity of a
light receiving elenent of the inmaging neans is incident, measurenent of
hi gh recdledc pucdarst. b&hwsospjecttbée. iTlspecttioa mewhodgoedhse is preferably
provided with a received light intensity attenuating neans. It is also
undem3tesedrtt Ratvendfijodet dricd S slelvilglhdomhalie thiei daifduphadpliopfsthtace, and a
| i ght. poIarinn%‘direqtiqn .
inspection light is increased, and the image capture angular
aperture of the imaging means is extended. These devises
will be described with reference to Figs. 13 and 14.
Firstly, the effect of the increase in diffusivity of
the inspection light will be described with reference to Fig.
13. When any light diffusing means 1310 is not installed,
the parallel light 1300 is incident on the liquid phosphor
surface as the incoming light 1301 while being parallel, and
only the reflected light 1301' is incident on an imaging
neans 1320. This means that, in this case, the imaging
means 1320 captures only the reflected light from a surface
- 1330 completely flat with respect to fhe substrate surface.
On the other hand, when the light diffusing.means 1301 is
~rinstalled, the parallel light 1300 is -diffused by the light
diffusing means 1310, and incident on the liquid phosphor
- surface as diffused lights 1301, 1302 and 1303 incident on
the-liquid phosphot surface at various angles, aﬁd the
reflected lights 1301', 1302' and 1303* are incident on the
imaging means 1320. This means, in ‘this éase,_theiimaging'

means 1320 captures the reflected‘light from an area ‘1331

including the surface completely flat with .respect to the



sel ecting neans may be provided on an illuninating neans, an imaging
means, in order to inprove the contrast of inage. In the above description,
one liquid phosphor is taken as an exanple for easy undegsi{.angiyagzoddovever,
in practice, a plurality of |iquid phosphors nust be inspected. To carry
out the inspection on every liquid phosphor applied on the substrate, the
bri ghtness may be neasured while relatively noving the position of the
substrate to the incomng light in the direction across the groove forned
in the substrate. Detailed configuration of the apparatus wll be
described below Firstly, in the tbriventional technol ogy, the inspection
on liquid phosphor is carried out on every |iquid phosphor 6 Septenber 2005
- 45 applied on the substrate as descri bed above. As shown in Fig. 6, the

bri ghtumess asicgnalr meefaidn H3h ors espandingrie: dde suif acgesbape
i ncluding the surface shape of liquid phosphor as shown in a graph 660 at,

for ahanpl ehd e rfeasiticon eftwelke dolt etdhdfiaee shepe badobhained. It is
denonstrated that this brightness signal waveform 620 can be applied
nor midiyghthesesr reedpordiasg it dot ées unfraee Rshapénofreathegsihst rate, | arge
bri ghtness signal and. small brightness signal can be obtained fromthe
gr oovdd fiyisdnd by iofcltidi ngspeld iloinguliigihghosphor 600 and 602 with fl at
surface shape, and the grooves e and k including liquid phosphor 601 and
603 Next, the e¢ffect of the increase in the image capture
angular aperture of the imaging means will be described with
reference to Fig. 14. When an image is captured by the
image capture angular aperture 1420, the parallel lights
1401, 1402 and 1403 are incident on the liguid phosphor
. surface, and only the reflected light 1401"' is reflected in
. the image capture angular aperture 1420. This means that,
in this case, the image capture means captures only the
reflected light from the surface 1430 completely flat with
respect to the substrate surface. On the other hand, when
an image is captured by the image capture angular aperture
'1421, the parallel lights 1401, 1462 and 1403‘incideﬁt on
~the liquid phosphor surface are reflected by the liquid
phbsphor surface, respectively to form thé reflected light
1401', 1402' and 1403", and all of them are reflected in the
image capture angular aperture 1421. This means that;-in
thislcase, the imaging means captures the'reflécfed light
from an area 1431 including the surface completely flat:with
respect to the substrate surface and,a-part'of the surface

" not flat thereto. Thus, the corfelation'betweeh the surface

shape and the brightness gets close to the curve R by



.which are not applied normally, respectively, and brightness equivalent
to that of the grooves e and k can be obtained fromthe grooves a, c, d,
f, g, i, j and | without any |iquid phosphor. applied th g &k M%ﬁgﬁ t he
bri ght ness peak of the part corresponding to the grooves t I'i quid
phosphor is applied, and the grooves to which liquid phosphor should be
applied is denoted as 610, 611, 612 and 613, and hereinafter, referred to -
as the "brightness peak”. In the PDP,.liquid phosphor is applied at the
predeterm ned interval Lp, and thegobhtai ned brightness peaks 610, 611, 612
and 613 of 'the brightness signal waveform naturally appear at the
predeterm ned periodical interval nlp (m constant) corresponding to the
application interval of |iquid phosphor. Thus, the va%ue of brightness
peak IPFsREG L8apLaRperagnosartuse pREgU At pRBEPRBFE aphI FRE +BRE8AEH groove on
the substrate can .be obtained by extracting the brightness peak at the
poi nf'eagFar t fromthe N-th bri ght ness peak by the distance nLp as the
(Nt )th brightness peak to the_byright ness waveform 62 and repeating this
Gelrrel iy the

oper at i on“FBFT @ Pt hesst p IHPIS WA e YHIEHE bri ght ness peak
def d th t b t h dth

e B R

L Nesq oV e Imalfitof GRRGE! g%oa\ighu%ﬁcféégsegg’l’ 1832nea0dgAB3,¢0RAkI tUting the

br|g tness pea
intensity not less than the capacity of a light receiving
gelement of the imaging means is incident, measurement of
high accuracy cannot be prospected. Thus, the imaging means
is preferably provided with a received light intensity
.attenuating means.

It is also understood that reflectance is high on the
liquid phosphor éurface, and a light polatiziﬁg direction
selecting means may be provided on an illuminating means, an
‘imaging means, in order to improve the contrast of image.

In the above description, one liquid phosphor is taken

as an example for easy understanding. However, in practice,

a plurality of liquid phosphors must be inspected. To carry

out: the inspection on every liquid phosphor appliéd onlthe

'substfate, the brightness may be measured while relatively

_mOving the position of the substrate to the incoming light
.inlthe direction across the groove formed in the sﬁbst;ate.
Detailed configuration of the apparatus will be described
bélOw. |

~Firstly, in the conventional technology, the inspection

‘on liquid phosphor is carried out on every liquid phosphor



correspond to the liquid phosphor application volune for each groove, and
the position of the groove and the application volune of |iquid phosphor
applied to the groove are specified by the brightness pepknavrtongy 640.
In .addition, by setting an appropriate threshold 650 to thg bri ght ness
peak waveform 640, the brightness peaks 631 and 633 below the threshold
650 are extracted, and the grooves corresponding to the brightness peaks.
631 and 633 are specified to determine that the application vol une of
liquid phosphor applied to the g&ggves are out of the range of the
predeterm ned value.. This neans ther or not the application volune of
the applied liquid phosphor is in the ..range of the predeterm ned val ue
is inspected to a part of the grooves, to which every liquid phosphor is
appl iagb bived dmhetlvholwhd eragtd 4 ddesriongidudianal zH racdvonof the 6

Sept enber 2005 47 substrate, and NG (No Good) is determned to the
substfisd e ©hatiandgtivhigreaoyesianl ofatdie mang ofo it hespsrettieterad ned  val ue.
The nethod for carrying out the inspection of liquid phosphor to every

| i qui thphosprre agpined ontudiens ubdse ratefaasisigndhe tohikentd onal t echnol ogy
is as described above. However, when actually manufacturing substrates,

| i quiRROPMRDISY SRVl oF ritRHbt O & toh: t Heo appstdmaaltd orkhveol ume V2 for the

flat surface, but with the application volume VI for
positio o%‘the.égtted f%ge s can be cobtained. It is

‘demonstrated that this brightness signal waveform 620 can be
aﬁplied normally if corresponding to the surface shape of
the substrate, large‘brightness signal and small brightness
signal can be obtained from the grooves b and h including
the ligquid phosphor 600 and.602 with flat surface shape, and
the gfooves e and.k includihg liquid phosphor 601 and 603
_which are not applied normally, respecti&ely, and brightness
equivalent to that of the grooves e and k can be obtained
from the grooves a, ¢, d, £, g, i, j and 1 without any
- liquid phosphor applied thereto, where the brightness peak
of the part corresponding fo the grooves to which liquid-
phosphor is applied, and the grooves to which liquid
phosphbf shOuld be'qpplied is denoted as 610, 611, 612 and
613, and hereinafter{'referred to as the "brightness peak®.
In the PDP, -liquid phosphor is applied at the
predetermined intérval Lp, and the obtained briqhtﬁess peaks'
610, 611, 612 and 613 of'the brightness signal waveform
paturally appear‘at the predetermined periodical interval
mLp‘(m:fconstant) corresponding to the application interval_

of liquid phosphor. Thus, the value of brightness peak from



concave surface shape, or with the application volume V2 for convex
surface shape. For exanple, when substrate is formed .with the application
vol ume V1, troubles when carrying out the inspection of gdigiamkbeasi on
state of liquid phosphor by the above conventional technology will be
described with reference to Figs. 9, 10 and 15. Fig. 15 is a.schematic
illustration show ng |iquid phosphor applied to the grooves and the

bri ght ness, signal waveform obtained by the inspection nethod of the
present invention. As shown in Fig, 10, if the surface shape is concave, a
part capable of reflecting the reff@cted light in the angular aperture is.
narrow, and the brightness of the reflected |light obtained fromliquid
phosphor is apt to be increased. On the other hand, in the groove bottom
part Miduhialtptarmyptd o uiph Jphas phore appld esbtd enetihe tha giefdtectedh ,light in
the angul ar aperture is easily blocked by the. 6 Septenber 2005 - 48
partilie arbtweilrex] HowsstBractties rigfd ectigtgsend goen it satf ltate pcand: t he
reflectance is high as shown in Fig. 9, and the brightness of a certain
degr eadh hemwbtte Med:h Asrigghtgsads \pealo weftiim tdl didrfar erige aiss present in
the intensity of the reflected l[ight froma |iquid phosphor part to be

i nspddiedNnd-tn yrictviardsot tomalpdra tike dhr refethawot werd fiaspediZéd as shown in
the graph 1550 in Fig. 15, and it is difficult to extract the brightness
si'gnaﬁ} ]}matllgﬂ,tl'@a?wtlm for every brightness peak. ‘

These values of the brightness peak are defined as the
representative brightness for each groove, and the
- brightness peak waveform 640 can be obtained by successively
arranging these values. The respective values 630, 631, 632
‘and 633 constituting the brightness peak waveform 640
. correspond to the liquid phosphor application volume for
each groove, end the position of the groove and the
‘application volume of liquid phosphor applied to the groove
are specified by the brightness peak waveform 640. 1In
rxaddition, by setting an appropriate threshold 650 to the
-brightness peak waveform 640(.the brightness peaks 631 and
633 below the threshold 650 ere extraeted, and the grooves
corresbondipg to the brightness peaks 631 and 633 are
specified to determine that the aﬁplication volume of liquid
_ phosphoreappl;ed to the‘grooves are out of the range of the
bredetermined valﬁe.” This'means whether or not the
H.epplicatioh volume of the_epplied liquid phosphor is in the
-range of the predetermined value is inspected to a part of
'ﬂ_the grobves'to whieh every liquid phosphor is applied over

the whole length in the longitudinal direction of the



fromthe |iquid phosphor part to be inspected. This neans that the

bri ght ness peak waveform cannot be obtained easily. In addition, this
phenomenon rai ses a serious problem when inspecting the skt bogs State
of liquid phosphor to the substrate conprising the grooves of at |east two
kinds of wdth as shown in Fig. 4. This problemw || be described by
using Fig. 16. Fig. 16 is a schematic illustration indicating liquid
phosphor applied to the grooves and the brightness signal waveform

obtai ned by the inspection nethod of the present-invention. For exanple,
in the substrate 400 in which thr&é kinds of grooves with the groove depth
satisfying the inequalities LI<L2<L3 are constituted orderly when

i nspecting the application state-of |iquid phosphor applied to the grooves

b', &ubsitraard KndNd h@iohagomests M tdidilHeitlh thie sapRldréatd on vol une
smal l er than the standard value, the intensity of the reflected light in
t he hawguearttaperdasved oam tdte dhquidhgzhespheke e bl ticrgpeeied 6 Sept enber
2005 - 49 wll be considerably weakened due to the concave surface shape
and twaduearrow groove width. On the other hand, the reflected light in the
angul ar aperture frombottons of the grooves a', d', g and j' of the
-wi dest wi @bk m8thedl és9s easirvyngl ovkedhby ithpepaibnto6nligalibls due to the
| arge groove width, and the obtained intensity will be considerably

i ncr PROSHhoss ty eaet lidydd phosphor applied on the substrate

using the conventional technology is as described above.
However, when actually manufacturing substrates, liquid
phosphor may be formed not with the application volume V2
for_the flat surface, but with the application volume V1 for
concave surface shape, or with the application volume V2 for
convex surfadershape. Eor example, when substrate is formed
with the application volume V1, troubles when carrying out
the inspection of the application state of liquid phosphor
by the above conventional technology will be described with
referencé to Figs. 9, 10 and 15. Fig. 15 is a schematic
illustration showing liquid phosphor applied to the grooves
and the brightness signal waveform obtained by the |
inspection method of the present invention.
As shoﬁn in Fig. 10, if the surface shape is concave, a
Apart'cépablerof reflecting the reflected light in the
’ angﬁlar aperture-is_narrow, and the brightness of the
reflectedrlight obtained fromfliéuid phosphor is apt to be
‘increased. On the other hand, in the groove bottom part
V.Without,any liquid phosphor applied thereto, the reflected

light in the angular aperture is easily blocked by the



reflected |ight brightness signal fromliquid phosphor to be inspected is

covered by the reflected Iight brightness signal fromthe groove bottom
part as shown by the graph 1650 in Fig. 16. Thus, it is gl bods0
extract the brightness signals 1610, 1611, 1612 and 1613 fromthe |iquid
phosphor part to be inspected, and accurate neasurenent is inpossible.
Here, the reflected light in the angular aperture brightness signal from
the |iquid phosphor to be inspected is defined as a signal (hereinafter,
referred to as "S"), and the reflected light in the angul ar aperture

" brightness signal fromthe groovel$ottom part which need not be inspected

is defined as the noise (hereinafter, referred to as "N'), and the SIN
ratio is calculated. In the conventional technology, the SINratio. is

consigiaraid fordegneased ey dhe ibstd At fagtiudand scanditt,i ons such  as
the I'i quid phosphor application volune, the groove wdth, and the

par t idrddre el de hieicgiingr 6 changedis thevwmhspedtiicon | Sept emmeer 2005 50
cannot be carried out. This problemsinmlarly occurs when manufacturing
t he subisthrtateesamMdih & heewippi i céddoee vedminiee Vbt i hoedgh there kssald|fference
bet ween concave and convex surface shapes of |iquid phosphor. The above
pr oblrensledfion i rec |dide® dandeh el < grmessdritonial  tthec himddeogyi t yamd: daéscri ption wil |
be nade bel ow. on the
reflected light from a liquid phosphor part to be inspected
and a groove bottom part which need not be inspected as
shown in the graph 1550 in Fig. 15, and it is difficult to
- extract the brighitness signals 1510, 1511, 1512 and 1513
from the liquid phosphor part te be inspected. This means
that the brightness peak waveform cannot be obtained easily.
In addition, this phenomenon raises a serious problem
 when inspecting tﬂe application state of liquid phosphor to
the substrate comprising the grooves of at least two kinds
- of width as shown in Fig. 4. This problem will be described
by using Fig. 16. Fig. 16 is a schematic illustration
indiéating liquid phosphor applied to the grooves and the
‘brightness signal waveform obtained by‘the inspection method
of the present- invention. For example, in the substfate 400
iﬁ which‘three'kinds of grooves with the groove depth
satisfying the inequalities L1<L2<L3 are consfituted orderly
when inspecting the applicatioﬁ state of liquid phosphor
applied'to the gfopves L', e', h' and k' of the narrowest
width L1 with the application volume smaller than the
standard value, the intensity of the reflected light in the

aﬁgular'aperture from the liquid phosphor to be iﬁspected



inspection met hod of the present invention in order to solve .these

problenms. In order to increase the above S/INratio, tw nethods, (1) to
increase S and (2) to decrease N, are general, and the pEdidePbods
placed in (2) to decrease Nin the .inspection nethod of the present
invention. In the inspection nethod of the application state of liquid
phosphor of the present invention, N neans the reflected |ight in the
angul ar aperture brightness signal fromthe groove bottom part which need
not be inspected. In order to decrease this, the reflected light in the
angul ar aperture fromthe groove ¥dttom part may be captured. A first
effective nethod for obtaining the above effect includes the inspection at
the angle of light incidence/reflection at which the reflected light in

the ranguikar caperberanikomdaiendioene ket tom pan-ave comiekel y . bl ocked
by the partition walls. The relationship between S and N in

t hi s shagpeahidofheehRedoM Igrokeresugerssi vely described with reference-to
Figs. 17, 18, 19 and 20. Here, 6 Septenber 2005 51 Figs. 17, 18, 19 and 20

are schenathi thel bustrahhods shewreglethedstatRtofint hRer ehlyaetaed |i ght
reflected fromthe groove bottomsurface or the |iquid phosphor surface at
t he apgiréuref firoghboitiioinde ode/thef lgeobivers @ 'or A',. gAs aaldr gddyfdescri bed
above, when the light is captured, a light capturing neans

the widest width L3 is less easily blocked by the_partition

walls due to the large groove width, and the obtained

intensity will be considerably increased. As a result, the

reflected light brightness signal from liquid phosphor to be

inspected is covered by the reflected light brightness

signal from the groove bottom part as shown by the graph

1650 in Fig. 16. Thus, it is difficult to extract the

-brightness signals 1610, 1611, 1leiZ2 and 1613 from the liquid

phosphor part to be inspected, and accurate measurement is

impoésible.

Here, the reflected light in the anguiar aperture

bfighthess signal from the liquid phosphor to be'inspected

is defined as a signal (hereinafter, referredrfo as “s"y,

and the reflected light in the angular apertdre brightness

signal from the groove bottom paft which need not be

inspected is defined as the noise {hereinafter, referred to

as “N"), and the S/N ratio is calculatéd. In the

cénventional technology, the S/N ratio is considerably

:deéieasedrwhen the substrate manufacturing conditions such

as the liquid phosphor application volume, the groove width,

and the partition wall height are changed, the inspection



generally has a predeterm ned angul ar aperture, and the angular aperture
Ok will also be considered in the description of this technology. Firstly,
when the inspection is carried out at the angle of |ight6September 2005

i nci dence/refl-ection 0' as shown in Fig. 18, the reflected light Sin the
angul ar aperture is reflected at the part of 1800 in the range of the
angul ar aperture Ok. However, as shown in Fig. 17, at the angle of light
i ncidence/reflection 0", the reflected light Nin the angular aperture
fromthe groove bottompart 1700 _with_the groove width L3(>L1) which need
not be inspected can be captured. This neans that a phenonenon shown by
the upper graph in Fig. 7 occurs, the SINratio is considerably

decreased, and the jinspection with high accuracy is inpossible. Next,
“descriPtin B 152 el erhdetlon tTels mypeetéomns Helkdely angtur ofwhdght
incidence/reflection 0. This method is .characterized in that this angle
of | it hafditerie/ thie ittt wisthidike mprld oot tdmtvalumaniul ar aperture
Ok t. which the reflected light Nin the angular aperture from 6 Septenber
2005 BPYHE Yrodve Dot Dk PR A0 fwe TR el s bty bl ocked by

the partition . wall K by the angular aperture 8k, and the partition wall
hei ght"H3d TP G oc’o’iljelJvﬁtﬂltqil SRii'ch are design val ues constituting the

groove Wh&%@ g%%@e problems are included in the conventional

technology, and description will be made below on the
inspectidn method of the present invention in order to solve
these problems.

In order to increase the above S/N ratio, two methods,
i.e., (1) to increase S and (2} to decrease N, are general,
and the main point is placed in (2) to‘decrease N in the
~inspection method of the present invention. In the
inspection method of the application state of liquid
phosphor of the present invention, N means the reflected
light in the angular aperture brightness signal from the
groove bottom part which need not be inspected. 1In order to
decrease this, the reflected light in the angular aperture
from the groove bottom part may be captured.

A first effective method for obtaining the above effect

'_includes the inspection at the angle of light

incidence/reflection at which the reflected light in the
angular aperture‘from,the.groove bottom part is completely
blocked by the partition walls. The relationship between S
and N in this .inspection method will be successively

described with reference to Figs. 17, 18, 19 and 20. Here,



not be inspected. This neans that the reflected light Nin the angul ar
aperture fromthe groove bottom part 1900 whi.ch need not be inspected is
not captured at the angle of light incidence/reflectionSqsemsba@iosn Fig.
19, and only the reflected light Sin the angular aperture fromliquid
phosphor to be inspected can be captured as shown in Fig. 20. However, if
the angle of light incidence/reflection O is decreased excessively, the
reflected light Sin the angular aperture fromthe |iquid phosphor surface
to be inspected is blocked by thespartition wall, and the S/Nratio is
decreased. Thus, the inspection nethod of the present invention is
characterized in that the angle of light incidence/reflection O is
deternlned SO that t he angul ar aperture Ok for capturing the reflected

li ght"'¥9n the 18nghd aarn%%eorta\ﬁ@e ﬁr%‘%ﬁét%:uﬂqlmwﬁrfo}scmmrswmg:e 2000 is

not ock b art| ion wal l by the angul ar aperture 0k, and the
part i %Waq% Chlg tdfﬁ Jt‘?‘r"é; old\i@%liﬁﬂq_qted APt Heh& JFFQRse hei ght HP of

quU| osphor_to be | i.ed h are desi alues constltutlng t he

gr 0ovE t{)g] Phe U e 3% eg&ges %&W% ﬁ@‘oj?osu%r%ec r?créb]te is

expr ess e.formu 7-.bel.aw. enber 2005 e at which S
is not qﬁéﬁK cghgl&é |t|%ﬁ%%ﬁﬁﬁ % rp% [-andi’e gfeﬁﬁﬂbﬁe% ﬁpocked by

- partiddan Walddn '%Sné hﬂ’&hﬂ qg:'c%%tljrgecﬁncg 20 o ecg(aprg)lrelsrig tmhee [£flected

generally has a predetermined angular aperture, and the
angular aperture 6k will also be considered in the
description of this technology.
Firstly, when the inspection is carried out at the
‘ angle.of light incidence/reflection 8' as shown in Fig. 18,
the reflected light S in the angular.aperture is reflected
~at the part of 1800 in the range of the angular aperture 6k.
However, as shown in Fig. 17, at the angle of light
incidence/reflection 8', the reflected light N in the
angular aperture from the groove bottom part 1700 with the
groove width L3(>Li) which need not be inspected can be
captured. This means that a phenomenon shown by the upper
'Vgraph in Fig. 7 oceurs, the S/N ratio is considerabiy'
decreased, and the inspection with high accuracy is |
impossible.
| Next, description will be made on the inspection atithe
éngle of light‘incidence/reflection 8. This method is
. characterized in that this angle bf light incidence/
‘réf;ectidn 8 is determined so that the angular aperture 8k

at which the reflected light N in the angular aperture from



light Nin the angular aperture fromthe groove bottom part which need not
be inspected is blocked by the partition wall by carrying out the

i nspection at the angle of light incidence/reflection 0 deS&tembeedoty the
formula 7,-and the reflected light S in the angular aperture fromthe
liquid phosphor surface to be inspected is received in the range of
angul ar aperture Ck. Thus, the brightness signal waveform 1620' as shown
in the graph 1650' in Fig. 16 can be obtained, .and the S/INratio
sufficient for carrying out the |3§ ection wth high accuracy can be
obtained. In order to identify a ect fromthe graph 1650° obtained from
t he above devises, an appropriate first threshold 1630 is set for.the

bri ght ness signal waveform 1620' as described above, and the brightness
peak el lgranwe B3N pelmw 1S tihr estpoluk-erhyi heccdgtledteiy | n the exanpl e
in Fig. 16, a defect in that the application amount of |iquid phosphor is
smal leroqkegh Iishe-hsy evdettertiionedvaldl Je by thd larstulatredipeaanidiig ks al so

possi bl e to identify a defect in that the application amount of liquid
phosptitt e Ratdert Lamar ltlh & egiddetteranichddh ey sl ipmvensinitthd. Jappl i cat i on
amount. . of |iqujd phosphor is larger than the predeterm ned val ue, the

sur f - Ehdge é#eqluqimvailblﬁés&%%stgl&%%%s@q Snaeve [vhidh Sencenber 2005 -

54 shape,, and the b ness obtalned froma defectlve part
o | AR A A1 g s Bee i o e Fiesihes 1 iont ¥ i

the angular aperture from the groove bottom part 1900 which
need not be inspected is not captured at the anglé of light
iﬁcideﬁce/reflection @ as shown in Fig. 19, and only the
reflected light S in the angular aperture from liquid
phospher to be inspected can be captured as shown in Fig. 20.
However, 1f the angle of light incidence/reflectién 9 is
- decreased excessively, the reflected light Srin the angular
aperture from the liquid phosphor surface to be inspected is
blocked by the parpition.wail, and the S/N ratio is
decreased. Thus, the inspection method of the present
invention is characterized in that the angle of light
incidenée/reflection 0 is determined so that the éﬁgular
ape;turé 0k for capturing the feflected light S in the
angular aperture from the liﬁuid.phosphor surface 2000 is
not blocked by the partition wall I by the angular aperture
6k, and the partition wall height H, the groove .width L1,
and the surface height H, of liquid‘phoéphor to be applied
which are design values consﬁituting the groove to be
inspected as shown in Fig. 20. The above concept is “

. ‘expressed by the formula 7 below.



normal part as described in Fig. 8 Thus, by setting an appropriate second
threshol d 1631, and detecting the brightness peak 1614' above this :
threshol d, the defect that the application anount of |i diSeaptgpiitesPd@s is

| arger than the predeterm ned value can be identified. Description has
been made above on the application state of |iquid phosphor applied to the
substrate with at |east two kinds of groove width are orderly constituted
as shown in Figs. 4 and 16, and simlar effect can be expected for the
substrate constituted with equal_g§9oye width as shown in Figs. 3, 5 6
and 15. Regarding the inspection of the application state of Iliquid
phosphor applied to the substrate with at | east two kinds of groove width
orderly constituted as specifically shown in Figs. 4 and 16, the angl e of

li ght iH&tHehcd reticdets o O dptilasdd oy martrigpent iwsrl lils < deter mi ned by
the formula 2 bel ow, where His the height of the partition wall formng
the griBtlAe P Whs &' i fd@ckaskilghtraft IgHespherlllLg is the width of . the.
groove fornedhof the partition walls with phosphor applied thereto, and Lp
is the widt KP6FY A8 §r86ve HPorREd 28F a8h&*gaPLEs o hRales leftedout any
' phosghor aBFLie thereta. Here, .as an_exanple,. calculation is perforned on
the assuhp o e g BT 1618 gt dh 2 6% OV s S0 LGB B Ok i's 0 by
st OPQJtﬁ%r{ hieeeq:i %IH %%mi%%;}er}:q:éﬂ%e blocked by the partition wall
by carrying out the inspection at the angle of light
incidence/reflection 6 determined by the formula 7, and the
reflected light S in the angular aperture from the liquid
phosphor surface to be inspected is received in the range of
angular aperture 8k. Thus} the brightness signal waveform
1620' as shown in the graph 1650' in Fig. 16 can be obtained,
and the S/N ratio sufficient for carrying out the inspection
with high accuracy can be obtained.
In order to identify a defect from the graph 1650'
obtained from the above devisés, an appropriate first
threshold 1630 is set for the brightness signal waveform
1620' as described above, and the brightness peak 1611' and
1613"' below the threshold may be detected. In the example
in Fig. 16, a defect in that the application amcunt of
liquid phosphor is smaller than the predetermined value is
_illustrated, and it is also poséible to identify a deféct in
that the application amount of Liquid phosphor is lérger;
than the predetermined value. When the application amount

of liquid phosphor is larger than the predetermined value,

‘the surface shape of liquid phosphor gets: close to the flét



the inspection at the thus-obtained angle of Iight incidence/reflection O,
the S Nratio sufficient for carrying out the inspectiors Séptdmir@hos
accuracy can be obtai ned as descri bed above. Further, as described above,
in the calculation of the fornula 2, assunption is made that the angul ar
aperture Ok is 0, but in reality, the predeterm ned angul ar aperture Ck
capabl e of capturing the light without fail is present. Thus, if the
sufficient S/INratio is obtained in the actual inspection, the magnitude

of the angul ar aperture Ok can be tonsidered in the formula 2. In
addition, the second nethod effective for decreasing Nin order to inprove
the SSNratio includes Iimtation of the wavel ength of the inspection
| i ghtshiagrehe a860 thm brighderss AdgdedcobhednaboYepnt hededuse iok generating N
inthe inspection signal is the incidence of the reflected light fromthe
gr ooveriotisorrpact Whiach theedmagot:tbessnspgobédobitaéned ffrom the diel ectric
- layer on the imaging neans. The dielectric layer contains nuch glass
conpdRéERE lapagbneentsesca ibept énbER 92065 - Thus, hudsgt&dschas the optical
characteristic of easily absorbin%. the |ight having the wavel ength of 360
nm ofPPRAGErLaftRysecond threshold 1631, and detecting the
brightness peak 1614' above this threshold, the defect that
the application amount of liquid phosphor is larger than the
predetermined value can be identified.
Description has been made above on the application
state of liquid phosphor applied to the substrate with at
least two kinds of groove width are orderly constituted as
shown in Figs. 4 and 16, and similar effect can be expected
for the substrate constituted with equal groove width as
shown in Figs. 3, 5, 6 and 15. |
Regarding the inspection of the épplication state of .
liquid phosphor applied to the substrate with at least two
kinds of groove width orderly constituted as specifically
shown in Figs. 4 and 16, the angle of light
incidence/reflection 0 optimum for the inspection is
determined by the formula 2 below, where H is the height of
the partition wall forming the groove, H, is the surface
height of phosphor, L, is the width of the groove formed of
the partition walls with phosphor applied thereto, and Ly is
the width of the groove formed of the partition walls

without any phosphor applied thereto. Here, as an example, .

calculation is performed on the assumption_that the éngular



i nspection, the reflected light S fromliquid phosphor can be obtained in
an. equivalent manner to that of the conventional technda Septembirl2805he
reflected light Nfrom the dielectric |ayer is decreased, and as a result,
the SIN ratio is inproved. The third nethod effective for decreasing Nin
order to inprove the S/INratio includes installation of the mask 2130
formed of a material of low light reflectance in the grooves which need
‘not be inspected as shown in Fig_ 21. As described above, the cause of
generating N in the inspection sighal is the incidence of the reflected
light from'the groove bottom part which need not be inspected on the

i mgi ng nmeans, Thus, by covering the area for reflecting this reflected

| i ghtapeiyatch @ keisk P13y aft dppimge fthec iddagdraganion ttihe rieflgect ed |ights S
2110, 2111, 2112, and 2113. from the |iquid phosphor 2100, 2101, 2102 and
2103 eapiwe <iapt wrediwi tledtigh sensitivity, and the nmeasurenent signal
wavef orm 2120 of high S/Nratio can be obtai ned. The fourth nethod
effective for decreasing Nin order to inprove the S/INratio includes

manuf act ure of thgvygqpstrate E?&Ef inspected so as to facilitate the
i nspection ohaquukd—pﬁkﬁ@ﬁmﬁx’ e specifically, the substrate is 6
Sept enber 2005 - 57 Lymanufacturedsso as to satisfy the inequalities 6 given
bel ow,
By carrying cut the inspection at the thus-obtained

angle of light incidence/reflection 0, the S/N ratio

sufficient for carrying out the inspection with high

accuracy can be dbtained as described akove. Further, as .

described above, in the calculation of. the formula 2,

"‘assumption is made that the angular aperture 0k is 0°, but

in reality, the predetermined angular aperture 8k capable of

capturing the light without fail is present. Thus, if the

sufficient 5/N ratio is obtained in the actual inspection,

the magnitude of the angular apertﬁre 6k can be considered

in the. formula 2.

In additioﬁ, the second method effective for decreasingﬂ

N in order to improve the S/N ratio includes limitation of

the wavelength of the ihspection light to be 360 nm or under.

As described above, the cause of generating N in the

'~ inspection signal is the incidence of the reflected light
froﬁ the groove bottom part which need not be.inspected,
ri:e., from the dielectric layer on the imaging meaﬂs-. The

. dielectric layer contains much glass component . as contents, -



where His the height of the partition walls formng the groove, and Hp is
the surface height of liquid phosphor. 0.6 < HH/H < 0.9 By satisfying the
inequalities 6, the reflected light S fromliquid phosphobeptembe J088pect ed
is incident on the imaging neans even when the angul ar aperture of the
imaging neans is sufficiently wiwde so as to inprove the inspection
sensitivity, the reflected light N fromthe groove bottom part which need
not be inspected is blocked by the partition walls, and the angle of |ight

i ncidence/reflection 0 at which_t light .is not incident on the imaging
means can be easily set. In addition, if the height H of the partition

wal ls is equal to the surface height Hp of liquid phosphor, the intensity
of the reflected light S fromliquid phosphor to be inspected becones too
hi gh #ydt Beappihes pFlee opptheal | elapereioni siethodl ofashey prlesentingvent i on
descrijpbed_above, and the light of the intensity exceeding the capacity of
t he nFftiiekki brrgne Brentay vaddd of 3% el ngndeans Tisusinci dent on
the Ijght recejving, el ement, and nmeasurenent, of high accuracy cannot

be- ex%gc‘tl%ﬂr.‘gTh e g’r‘ﬂf"ﬁ PRt HYE 1 st TS ndh delrde@ing o ivwndeder to

inprove the SINratio includes_coating of a fluorescent 6 Septenber 2005 -
58" | L5 el e FOBREFVETY 11t S B G CRALL Gibove Wh heEFCTuri ng  the

SUbStﬁﬁggbﬁgg Sgﬁséétégéﬁhﬁgdtfﬁféﬂ‘éﬁﬁf%éﬁeéﬁ ééﬁﬁgrtgg)that.of'
the conventional technology while the reflectéd light'N from
the dielectric layer is decreased, and as a result, the S/N
ratio is improved.

The third method effective for decreasing N in order to
improve the S/N ratio includes installation of the mask 2130
formed of a material of low light reflectance in the grooves
which need not be inspected as showu in Fig. 21. BAs

" described above, the cause of generating.N in the inspection
signal is the incidence of the reflected lightlfrom'the
groove bottom part which need not be inspected on the
‘imaging means., Thus, by covering the area for reflecting
this reflected light N by thegﬁask 2130 of low reflectance,
only the reflected lights S 2110, 2111, 2112, and 2113 from
the liquid phosphor 2100, 2101, 2102 and 2103 can be
captured with'high sensitivity, and the measurement sighal
waveform 2120 of high S/N ratio can be obtained.

'Thé'fourth methpd effective for decreasing N in order
‘to-improve the S/N ratiq includes manufacture df the
substrate to be inspected.so as to facilitate the'inspection

of liquid phosphor. More specifically, the SubSﬁrate is



.kinds of the width as shown in Figs. 4 and 16. As descri bed above, a
problemin that the SINratio in the inspection is degraded considerably
occurs when the reflected light from the dielectric |aydrSqfehbe 260Hove of
| arge groove wdth is incident on the inmagi ng neans when inspecting |iquid
phosphor applied to the groove of the small groove width in the substrate
310 constituted of the grooves of at least two kinds of the width. Thus,
the fluorescent layer is.first coated on the groove of the |arge groove
width, and if [|iquid phosphor is gnspected, the reflected light S from
l'i quid phosphor to be inspected is incident on-the imaging -while the
reflected light N fromthe groove bottompart of the small groove wi dth
whi ch need not be inspected i%éﬂ$|3ﬁ$eqﬁgg thprarti i on malés and the
angl @BIaGRTed 9 dendd) rertledty dho WFMRHEG § RN PohYhe | magi ng
means _can Bg.easil set
I

| ition, . [ t th [ ti f
T qu ot brior S0 S 16y 005 R oPnEe Sl FAgPdodEdept h, the
dried fl | is_al read d . op; Lh the |
a1 0odt 36 B~ Ghtes EHobne; RS ERFRopeEdEheOF ap rIFa ERIEL. | OF) o2t ance

than the dielectric layer, the reflected Iight N fromthe groove which
need not be inspected is decreased when inspecting .liquid phosphor,
and, the SIN ragig Lsyi qproved, 6 Septenber 2005 - 59 In addition, the
i nspection method of the present _ '

By satisfying the inequalities 6, the reflected light S
from liquid phosphor to be inspected is incident on the
imaging means even when the angular aperture of the imaging

“means is sufficiently wide so as to improve the inspection
sensitivity, the reflected light N from the groove bqttom

. part which need'not be inspected is blocked by the partition.

walls, and the angle of light incidence/reflection 8 at
which the light is not incident on the imaging means can be

easily set. 1In addition, if the height H of the partition

walls is equal to the surface height Hy of liquid phosphor,

the intensity of the reflected light S from liquid phosphor

to be inspected becomes too high by the principle of the
inspection method of thé present invention described.above,
and the light of the intensity exceeding the capacity of the
light receiving element provided on.the imaging means is
iﬁcident on the light receiving element, andrmeasurement_éf .
high accuracy cannot bé expected.

| The Fifth method offective for decreasing N in order to

improve the $/N ratio includes coating of a fluorescent



invention is characterized in that the inmaging nmeans has a plurality of

i ght receiving elenents arrayed in a one- dinensional manner, this |ight
receiving elenent is disposed in the direction orthogona Sdpterithee 2003 ecti on
of relative novenment of the substrate to be inspected to the optical
system i.e., in the sane direction as the groove formed on the substrate,
the reflected Iight fromliquid phosphor is captured with the )
predeterm ned width, and the intensity signal is used in the inspection-of
| i qui d phosphor as two- dinensianalg i_mage information. In addition, the
signal processing neans in the inspection nethod of the present invention
is characterized in that brightness information for a plurality of Iight
receiving elenents is added to i mage i nformati on obtai ned by the inaging
nmeansd avahd SUgFEPEEE YN TERB APPangrRgtdPEREYE ORROR RRABUERGhECEBEei vi ng

el enents, and the average brightness signal waveform ca bt ai ned by

usin&hﬁh§U§§§F§§§ @épu€9n5§iF35F§cPﬁgtPﬁigrQQE?ﬁg%fb?FgE?%ggsgngnal .
revelanpe Hie Sbarp bol dtness Skonal yeushor SOR, sLpandy perfonm no
SO0 L2 L5 PSR Sl AP0 Bl 8 PeCa BRCTRRRMER M B 0D
l_zzéoé%gq:%ﬁ%g Red s3RAYEL1LNE2URS! LALE $AQ SBPYBctBaFhggne rSRPtember 2005
- the dielectric layer of the groove of iarge groove width is |

incident on the imaging means when inspecting liquid

bhosphor applied to the éroove of the small groove width in

the substrate 310 constituted of the grooves of at least two

kinds of the width. Thus, the fluorescent layer is first

coated on the groove of the large groove width, and if
" ligquid phosphor is inspected, the reflected,l;ght S from

rliquid phosphor to be inspected is incident on'the imaging

while the reflected light N from the groove bottom part of

.the small groove width which need not be inspected is

blocked by the partition walls, and the angle of light

incidence/reflection @ which is not incident on the imaging

‘means can be easily set. In addition, when carrying out the

iﬁsbection of liquid phosphor applied to fhe.groove of the

;small groove depth,-the dried fluorescent layer is already

- coated on the groove of the large groove width, and since

this fluorescent laygr'is leer in reflectance than the

dielectric layer, the reflected light N from the groove

which need not be inspected 1is decréaSed wheniinspecting

fliquid phosphor, and the S/N ratio is improved.



has the groove 119 having transverse ribs, which is different fromthe
substrates 300 and 310 shown in Figs. 3 and 4. Wen |iquid phosphor is
applied to the groove 119 having transverse ribs, |iquidsphashbar08801,
2202, 2203 and 2204 is applied with different application volune for each
of a plurality of cells 120 since the viscosity of liquid phosphor is
relatively higher than that of water, etc. However, when the brightness
signal waveformis obtained by paying attention to only one pixel in the
light receiving elenent of the im? ing means immedi ately after applying

| i quid phosphor, the quantity of"l'%hf captured by the light receiving

el ement becones the representative value indicating the application volune
of liquid phosphor applied to the groove having transverse ribs, and the
appl i cati dm addiwienof thike ihepeaktlibgundtpbdspfotheapnetseche nmeasur ed
correctly if tried. This indicatea that, if the reflected light fromthe
i quiihphosiphrori 220k mppiamidesh ifrhathatf dhe exenplrg metaves $wf ace shape of
one pixel in question is incidentally concave is captured at the position
of tHelugekifed 4f nelght tivecdsiriighn rdsmegitgnal rneanest dmma222@+ ndi cated by
the graph 2250 is obtained to determne that the total application volune
of t HELBGIpI IR ] ifguine Hhddpiorl i is raglde L viged dlfemeamnd rief Icdemeddd ght from
the |jquid phosphor 22.01 applied so that, for example, the surface shape
of ond? pib&IALGGE s gt e tderdts I Facdtians apgtdrddd V&t the position

6 ‘Sept enber 2005
%mvement of the substrate to be inspected to the optical

system, i.e., in the same direction as the groove formed on
the substrate, the reflected light from liquid phosphor is
captured with the predetermined width, and the intensity
signal is used in the inspection of liquid phosphor as two-
dimensional image information. In addition, the signal
. processing means in the inspectibn method of the present
invention is characterized in that brightness information
for a plurality of light receiving elements is added.to
imagé information obtained by the imaging means, and
averaged in the arranging direction of the light receiving
elementé, and the average brightness signal waveform.één be
V36btained by using the average value.
| By replacing this aﬁerage brightness signal waveform by
the above brightness signal waveform 660, etc. and
L performing similar_proceséing thereafter, the épplication
%olume of liquid phospheor applied to the substrate shown in
Fig. 5 can be measured with high accurééy. This processing
.Will be described with reference to Figs. 5-and 22.

As described above, the substralte 320 shown in Fig. 5



- 61 of the dotted line x', the total application volunme of the applied
| i qui d phosphor is the value for exactly filling a space between the part
wall's. To prevent this, and to nore correctly neasure thegsémémber 2005
application volume of liquid phosphor applied to the groove 119 having
transverse ribs, the reflected light from the applied Iiquid phosphor is
captured for sufficiently Ilarge nunber of cells, and the brightness
t hereof may be averaged to obtain the representative value indicating the
application volune of the applieg.qugid phosphor. Mdre specifically,.
brightness information for a pluralrty of |light receiving elenents is
added in the arranging direction of the light receiving elenents for imge
informati on obtained by the imagi ng means, and averaged for the width y
bet wels®® t Fe dbfeee | 1 heshawing GrRIRierS9 rigml privicgssing for obtaining the
average_bri ght ness signal waveform 2221 ..indicated by the graph 2260 by
usi ngg%%e%%tF agePyafie THIS beatpey Pt eand | hl Gadiawonin thiss .met hod can.
natural |y, be useqb{n f he neasurenent of the application volune of liquid
phospHe?  Appl TR t b1 T pissrien 15 apml 1ed Taddie s i e no
transyerse ribs. In the bovgldesc gﬁgion, it_is assuned that each of a
part of Jev%rV‘TI?Sq‘.ﬁ‘?]asepr@bﬁHor HPbl P he dHoovedon 24 sdstrate is

E[ Ezpsfe%(r%ejsiegntéaélﬁ/lgé# g:?ltﬂel'gg f‘]’%eorsesné haep];glrioé)eytefon fvoglnLane iport re]aea(:%UbSt rate as
of a plurality of cells 120 since the viscosity of liquid
phosphor is relatively higher than that of water, etc.
However, when the brightness signal waveform is obtained by
paying attention to only one pixel in the light receiving
eleMent_of the imaging means immediately after applying
liquid phosphor, the quantity of light captured by the light
receiving element becomes the representative value
indicating the application volume of liqﬁid_phosphor applied

to the groove having transverse ribs, and the application

volume of the total liquid phosphor cannot be measured

§  cqrrectly if tried. This indicaltes that, if the reflected

light from the liquid phosphor 2204 applied so that, for
éxample, the-surface shape of onéipixel in questibn is
‘incidentally‘concave is captured at the-ppsitioﬁ of the
dqtted line x, the brightness signal waveform 2220 indicated
by the graph 2250 is obtained to determine that. the total
application volume of the applied liquid. phosphor is small,
and if fhe reflected liqht frdm the liéuid phosphor 2201
‘applied so that, for eXampLe,“the surface shape of one pixel

in question is incidentally flat is captured-at the position



6 Septenber 2005 - 62 groove which is the object to be inspected. However,
liquid phosphor is preferably inspected over the entire surface of the
substrate by using nmethods such as (1) of increasing the ¢Sig¥nbérelodsof the
i magi ng neans, (2) of increasing the nunber of inmaging neans, and (3) of
carrying out a plurality of inspections while changing the view field of
the imaging neans to one substrate to be inspected. In addition, the

i nspecting neans of the present invention has a neans of neasuring the
novi ng speed of the substrate, gngli§ characterized in that the
application volunme of each |iquid phosphor can be neasured with high
accuracy w thout being influenced by the variance in the substrate noving
-speed. The |iquid phosphor application volune can be nmeasured correctly

- even Yy tt dpltedl binwvety, e xpeinsl vepsiubst riatre warumd gt tgans wit h
variance jn the substrate carrying speed w thout using any expensive.
substari et ehr kA nearspirapabt el oabuy i fnp thechibstiridtlednata t he
predet erm ned speed by neasuring the substrate noving speed, and reflecting
t he oHafihdRr RN tthe RAE bkt ement of the 1iquid phosphor application
vol ume for_ each groove. -Further, the neans for neasuring the substrate
nmovi ng speéd P e Prissedtd diPeMIten CO68€SHdty MegsiEe aR¢ speci al

ot e 5, SEPADL LR 10 1 5 S TSS P gpeed by the
: groove 119 having tranéverse ribs, the reflected light from
the applied liguid phosphor is captured for sufficiently
large number of cells, and the brightness thereof may be
~averaged to obtain the representative value indicating the
abplication volume of the applied liquid phosphor. More
specificélly,_brightness information for a plurality of’
light receiving elements is added in the arranging direction
of the light receiving elements for imége information
obtained by the imaging means, and averaged for the width y
between the dotted lines x-x' in Fig. 22, and @rocessing Tor
obtaining the average brightness signal waveform 2221
~indicated by the graph 2260 by using fhe average value may
be performed} In addition, this method Can.naturally be.
used in the measurement of the application volume of liquid
-phosphor_apélied to the grooves 115, 116, 117 and 118 having
no transverse ribs. |
7 In,thg above déscription; it is assumed that each of a
pgrt of every_liguid phosphor appliedrto-the gfooves,on the
substrate is inspected in the direcfioﬁ across the grooves

formed in the substrate as the representative for each



i qui d phosphor application volune, resulting in no waste of 6 Septenber
2005 63 the cost. Troubles when the substrate noving speed is fluctuated
and specific renedies therefore will be described with refqiansse 2005Fig.
.23. As described above, in the PDP, the fluorescent layer 1is fornmed at the
- predetermned interval Lp. It is assuned here that the substrate carrying
speed is constant. The brightness peak of the obtained brightness signal
waveform naturally appears at the periodic interval nmp (m constant):
~corresponding to the space of Iiguég phosphor. |If assuming that the

t

substrate carrying speed is not conStant, the brightness peak of the

~ obtained brightness signal waveform appears at the interval different from
the interval mip to the interval Lp of liquid phosphor. If the above

oper aticrve gitciarsiidertdd: iabjtdvg: riev éres el rdipreadiddan, Howeverynddregtieobd t hat the
substrate novi ng speed can be neasured by nmeasuring .the interval of the

bri glthressshqiedks . pref cddi ity dmsheactiesd corml uded epifdtre isfuntfzed mtfer val of the
bri ght ness peaks is constant, the substrate carrying speed is also
const'dift SRt tate thhe Usimer o thefdg rarddy iaght Hés © fpdaky dass iing Vdrd ance, the
substrate carrying speed is also in variance. A case will be considered

bel oWV thigt! r%%tﬂ% IFEiMg ineatHe nean$ f gncas@isyingg thiequi d phosphor to

the 9£§§¥5§%3f imaging means, and (3) of carrying out a plurality
.6f.inspections while changing the view field of the imaging
means to one substrate to be inspected.
in addition, the inspecting means of the present

invention has a méans of measuring the moving speed of the
substrate,rand is charactérized in that the application
volume of each liquid phosphor can be measured with high

- accuracy without being influenced by the variance in the
sﬁbstrate moving speed. The liquid phosphor application
volume can be measured correctly even by using a relatively
inexpénsiﬁe substrate carrying means with variance in the
éubstrate carrying speed without using any expensive
'substrate carrying‘means capable Qf carrying the substrate

- at the predétermined speea by measuring the substrate moving
speed, and reflecting‘the obtained result in the measurement
of the liquid phosphor application volume for each groove.

'-Furthef,-the @eans‘for ﬁeésuring the substrate moving speed
ZOf'the present invéntion AOes not reéuire any speéial
facility, but is capable'of measuring the substrate moving
Speéd-by the brightness signal obtained to measure the

liquid phosphor application volume, resulting in no wasté of



for exanple, no liquid phosphor is applied to a certain groove, or
| i qui d. phosphor .of the anpbunt bel ow the 6 Septenber 2005 - 64
predeterm ned value is applied, but the intensity of the 6 $egidnalstr @603 i ght
is low In such a case, the reflected light fromliquid phosphor is not
extracted as the brightness peak, and the interval of the brightness peaks
is different from the predetermned interval niLp simlar to the above case
in which the substrate carrying speed is changed. As described above, in
the extraction of the brightness geaks,, t he brightness peak at the point
apart fromthe N-th brightness pe & by the distance nmip for the brightness
waveformis extracted as the (N+1)--th brightness peak; and these
operations are repeated for all brightness peaks. .Thus, if the distance
bet weigte tdwestor i ght ness peaks is not .nlp, the (N+1)-th brightness peak
cannot be recognized. Two kinds of determ nation are considered in this
case; one Tirspublllest whee appeaubsadrpds moonngf sphedbiksglfinessapedk is

devi at ed- because the substrate noving speed is changed, and the other one
i s thEtd tsheedirfightovesslipea K feamiotrdevl ldx tracteed: dealise. tho | i qui d phosphor
is applied or the |liquid phosphor application volune is small. The latter

i s -atafreyanedlle dfidefdet s of the substrate which is an object to be

i nspected, and NG nust be determ ned naturally. However, in the fornmer, no
defectivegﬁaﬂ@§c§ﬂ€eﬂré§éﬁﬁfiﬁn the PDP, the Tluorescent layer

is formed at the predetermined interval Lp. It is assumed
here th;t the substrate carrying speed is constant. The
brighfness peak of the obtained brightness signal waveform
naturally appears at the periodic interval wmLp {(m: constant)
corresponding to the space of liquid phosphor. If assuming
‘that the substrate éarrying speed is not constant, Ehe
-brightness peak of the obtained brightness signal waveform
appears at the interwval different from the interval mLp to
the interval Lp of liquid phoéphor. if the above operation
is considered in the reverse direction, it is understood
that the sﬁbStrate moving speed can be measured by measuring
- .the interval of the brighthess peaks. In addition, it is
concluded that, if the interval of the brightness peaks is
'conétant, the substrate carrying épeed is also constant, and
_if the interval of the brightness.peaks is in variance, the
substrate carryiﬁg-speed is also in variance.
A case will be considered below in that troubles occur
. in the means for applying.iiqﬁid phosphor to the grooves,
for example, no liquid phosphor is abplied to a certain

. groove, or liqﬁidfphosphor of the amount below the



the substrate itself, and it will be a m staken detection if NGis

determ ned here. This neans that, when the interval @ of the brightness
peaks is different fromthe predeterm ned 6 Septenber 2005Sept&hberi200Lrva
m.p, it is necessary to correctly determ ne whether or not the difference
is attributable of any defect of the substrate, or the variance in the
substrate carrying speed. For this purpose, the substrate carrying speed
is neasured, and defects of the substrate may be determned if the noving
speed is not changed, or no defectg,of the substrate may be deternined if
the substrate novi ng speed is changed. Here, a specific nethod for
measuring the substrate carrying speed will be described with reference to
Fig_23. Firstly, it is understood that, when the substrate carrying
speed TGt inicedalargy). is il tdth dpded-tis igudderilty oddgbed, the

bri ght ness peak .interval is changed at random in the brightness signal
wav ef S m SERY i Hdtdatisd 180 1 hel ditsith 23569 they refd eadeshdimhiby 2303, .
and lurality of brightness peaks are continuously influenced.(n, o and
b o AP PR R het ARG, SHhEHC R | Fulee pRELBRBReFS Pembl | ed, or
when t right.ness .pe for .,the groove cannot., .be extracted because the
appl i€a ié(;nne \%Lo Sk 3's Snditte qwhgfé’p?ﬁagr SRR iighidderseak fratier val 2302

hestd R PG S L R ae A Bk TR By vz
which the substrate carryiﬁg speed is changed.
‘ - As described above, in the extraction of the brightness
peaks, the brightness peak at the point apart from the N-th
- brightness peak by the distance mLp for the brightness

waveform is extracted as the (N+1)-th brightness peak, and

these operations are repeated for all brightness peaks.

Thus, if the distance between the brightness peaks 1is not

| -~ mLp, the (N+1)-th brightness peak cannot be recognized.  Two

kinds of determination are considered in this case; one is
‘that the appearing position of the brightness peak is
deviated because the substrate moving speed is changed, and
the other one is that the brightness peak cannot be
extracted because no liquid phosphor is applied or the
1iQuid'phosphor application volume is small. The latter is
attributable of defects of the‘subétrate which is an objéct
to be inspected, and NG must be determined.natUrally.
Howeve#, in thé former, no defective parts are present in
‘the substrate itself, and it will be a mistaken detection if
NG is determined here; This means that, when the interval

of the brightness peaks is different from the predetermined



defective part is actually present when the interval between the
bri ghtness peaks is other'than nLp. This neans that there is a defective
part 2310 if the brightness peak interval is integral méd$dpxdmber2G85
substrate is determ ned 6 Septenber 2005 - 66 NG regarding the
acceptance/rejection thereof- On the other hand, if at |east one of two
conditions that the brightness peak interval is not integral nultiple of
m.p, and that the intervals of the plurality of brightness peaks are
continuously influenced is establigpged, it is determned that no defective
part is present in the substrate though the substrate carrying speed is
fluctuated during the inage capture of the part. By introducing this
signal processing nethod, presence/ absence of any defect can be determ ned
even W ¥he Wit arlcel ¥ MRS FUDS t rat e Tt h gledpaad. narothe e
conveniencedgi Hgfggescri tjon, description is made only for the case in
Tr

whi cHt HE's TS Ny P TS aRbridenIapy elffsd Hutthahi s nethod is

| i cabl when. t he substrat i d i ddenl

hor BB G B T d AR tHb THS Ot T W St SRS <ubat 1 at e
i i.gnal .ohtained for . ing the |iquid phosphor.

Carry}hﬂg ﬁple§g?@r%é§1ee sﬂrgenasubosqiraalltnee caslfﬁgﬁ{gge?%gerelc{]gjﬁ In%taele@:%cE, phosphor

application v as a neans or Tfrea S yi ng speed

for Il Igd M@ o f NAHPANN NG ARV HEE, LS B dBLE Gl £ S Gio Al X! ST ve
y for neasuring the substrate carrying speed. is
speed is not changed, or no defects of the substrate may be
determined if the substrate moving speed is changed.
Here, a specific method for measuring the substraté

‘carrying speed will be described with reference to Fig. 23,
Firstly, it is understood that, when the substrate carrying
speed is fluctuated, e.g., when the speed is suddenly
reduced, the brightness pgak interval is changed at random
in the brightness signal waveform 2300 ‘indicated by the
‘graph 2350 in Fig. 23 as shownrby 2303,. and a plurality of
brighthess peaks are continuously influenced (n, o and p:
constant). On the other hand, when no liquid phosphdf is
appliéd, or when the brightness ﬁeak for the groove cannot
;be extracted because the aﬁplication volume is small, the
'apparept brightness peak interval 2302 becomes integral
nmultiple of the predetermined interval mLp. By utilizing

. these two differént characteristics, whether or not any
defective part is actualiy-present when the interval betﬁeen
the brightness peaks is other than mlp. ‘This means that
there is a defective part 2310 if‘the_b;ightness peak

~interval is integral multiple, the substrate is determined



installed for the substrate noving speed neasuring neans, and the obtai ned
substrate carrying speed information is input in the signal processing
nmeans so as to be reflected 'in the nmeasurenment of the | iG@ikpepo0tbr
application volunme. for each groove. In this case, when the distance

bet ween 6 Septenber 2005 67 the brightness peaks is other than the interval
m.p, the substrate carrying speed information as indicated by the graph
2360 in Fig. 23 obtained by the substrate noving speed neasuring neans is -
referred to. If the noving speed_iggznot changed, it is determ ned that the
defective part 2310 is present in the substrate. If the substrate noving
speed i s changed as shown by 2304, it may be determ ned that no defective
part is present in the substrate The case in which there is variance in

the bstedtedinf ihhPdance/ Tareat@d. tmakr , Ihehaspdets ng neans

of t invention can be realized by noving at | east one of the
il uﬂaafici n’gp fean<aiid e Cil?m@f%gccrfé%"sm%dtft% g nes e

ance i.n speed i resent |n t he HDVIH% means for each of

![EZPH%:%%% ]a[%)%?/r\-e/‘?% etl WYr v tte?%‘é&‘frfg HotP 4 191 g&-Rm 19 dtdve-ieans.
TR ETIS SRR sy TR o0 e
bel ow. At {1Gd PESH QbndTE MO8 dLv 406 HROFPIAT jpspsetionsier (1) 25.4
that no defective part. is present in the substrate though
the substrate carrying sﬁeed is fluctuated during the image
capture of the part. By introducing this signal processing
method, presence/absence of any defect can be determined
even with the variance in the substrate carrying speed. For
the convenience of thé description, description is ﬁade dhly
- for the case in which the substrate carrying speed is
' suddeﬁly reduced, but tﬁis method is also applicable even
when the sqbstrate carrying speed is suddenly increased.
As described above, the method for calculating the
substrate carrying speed by the signal obtained for
measuring the liquid phosphor application volume as a means
for measuring the substrate carrying speed'for realizing an
'.inexpensive device. As a matter of course, an exclusive
facility for measuring.the substrate carrying speed is
,.installed for the substrate moving speed measuring means,
-énd the obtained substrate carrying speed iﬁformation is
input iﬁ the signal processing means so as to be reflected
ih_the measurement of the liquid phosphor application volume.

for each groove. In this case, when the distance'between



reference to Figs. 24, 25 and 26. At the tine of the phosphor inspection
step (11) 254, a dried fluorescent |ayer (hereinafter,. referred to as
"fluorescent layer") is fornmed on the groove constit ut ed tofepténteer @3 i ti on
wal | s. The fluorescent layer is forned of fine particles. mainly
consisting of fluorescent material in 6 Septenber 2005 - 68 a coagul ated
manner, and a | arge nunber of fine uneven parts are fornmed on the surface
of the layer. Wien the state of this fluorescent |ayer is inspected by the
conventional technology, the incoggng light 2420 is allowed to be
incident on a skirt 2410 with heavy changes of the anount of phosphor as
shown.in Fig. 24, and the reflected light from the skirt 2410 is captured
by the imagi ng neans 2.440. However, as shown in Fig. 24, the light

scat &€ gL s PeRkgcd Sofo THRE fihsey ddeerdnticayad mdodr &b ¢ as shown in
Fig 24, and the difference in brightness is small between. the

-scat Félﬁsr*fgaﬁegmarﬁgiiq AEEEeh i g - iqfagisng nfe &g ey Hhcom t he
fluoresc 401 th the standard anmount of phosphor, the

scat F&PP ﬁgtﬁ@y imE36i da SRStk t?’?é-‘gsr’fg’sﬁééf?? SRHG ' GRERe

fl orescent, | ayer. 2400 the rmunt hosphor | ess than the standard
' va:Jue A3nd e "SEE & \% ittt %?432 I|fng| 2 Vgﬁlgt ﬁé’eieﬁaésné‘of’feans 2440

from_he gedfl Yt re_\@c urt%&%redz%n tthlé Alefec@l%ﬁ P%frtpr}%q_%hor | arger .than

t he stan en any uorescen
‘present‘ln the substrate. If the substrate moving speed is

changed as shown by 2§04, it may be determined that no
defective part is present in the substrate. The case in
which there is variénce in the substrate Carrying speed is
indicated. However, the inspecting means of the present
invention can Be realized by moving at least one of the
filluminating means and the imaging means, and the subétrate
to be inspected. If variance in speed is present in the
moving means for each of them, the above speed cérrective
method will be an efféctive means.
Description is made above on the inspection method in
“the phosphor inspection step (I) 252 of the present
invention. Description will be made below on the inspection
: method'in Ehe phosphor inspection step (II) 254 with
reference to Figs. 24, 25 and 26.
| At the time of the phosphor inspection Step (I1) 254, a
dried fluorescent layef (hereinafter, referred fto as
"flﬁoresdent-layer“) is formed on the grooverédnstituted of -
the parfition walls. The fluorescent layer is formed of

" fine particles mainly consisting of fluorescent'material_in



| ayer is not fornmed due to defects, the incoming light is reflected by the
dielectric layer 2450 The dielectric layer. is fornmed of fine particles
mai nly consisting of glass powder in a coagul ated mannerg Septédnabseg@0bhinber

- of uneven parts are fornmed on the surface thereof simlar to the
fluorescent layer, and the light scattering occurs thereby, and the
scattering light 2460 is incident on the imaging 6 Septenber 2005 - 69
means 2440. This means that, in the conventional technology, the change in
t he i.nage capture brightness is snpgl_to the change in the shape of the
fluorescent layer as indicated by the curve Uin Fig. 26, and neasurenent
with high accuracy is difficult As descri bed above, the phosphor used in

the PDP is- ex0|ted to emt ght by irradiating ultraviolet rays. The

i nter‘f’sﬁ‘ﬂf‘gd]f aé;r‘ﬁdséfiaé}?‘%rs |‘5H¥Cl L?eri‘@éfcﬂeoyu{“ﬁ)@rarﬁfurﬁlr@f UnSHSEp ke tet the part
subjecteq; radlﬁghon 0 ultt€V|oIet rays _and hi gher as the amount of
phos gHor C§ ftlerfdid et Teni d&dh Ghe 156wde &< t he anount

of. p sp snal The i nspection nethqod of the present invention
g qﬁrlhdoresce i e mag % %eﬁ FY 33 fiosveitic o

utilizes pr| orescent | ayer

i's |r é%ﬂﬁgﬁﬁﬁ téké'Y%édﬁ%ﬂE 25 t e mavqggwg¥£ rlﬁ260 nm or under for

pronoting t f| uorescence as enS|ty of the
f I uor;gRGemn PRO! Q08NESIS 410 with heavy changes of the amount of

phosphor as shown in Fig. 24, and the reflected light from
the skirt 2410 is captured by the imaging means 2440.
However, as shown in Fig. 24, the light scattering by the
surface of the fluorescent layer is drastic as shown in Fig.
24, and the difference in brightness is smali between the
'scattgring Iight 2431 incident on the imaging means 2440
from the fluorescent layer 2401 with the standard amount of
phosphor, the scattering light 2430 incident on the imaging
means 2440 from the fluorescent layer 2400 with the amount
of phosphor less than the standard valué, and the scattering
.light 2432 incident on the imaging méans 2440 from the
'fluoresceﬁt layer 2402 with the amount of phosphor iarger
than the_standard value. Further,. when ény-flubrescént

‘ léyer is not formed due to.defects, the'incdminq light is
refleqted by the dieleptric layer 2450? The dielectric
layer.is formed of fine particles mainly consisting of glass
powder in a coagulated manner, a large number of uneven
parts are formed on the surface thereof similar to thé
fluorescent layer, and the llght scatterlnq occurs thereby,

and the scatterlng 11ght 2460 is 1nc1dent on the 1mag1ng



different according to the anmount of phosphor.. Thus, the brightness of
fluorescent photogenesis 2540, 2541, and 2542 incident on the imaging
means 2440 is higher as the anount of phosphor is | argersScpishbe@weos as t he
anount of phosphor is smaller as indicated by the curve X in Fig_ 26. \Wen
no .fluorescent layer is fornmed due to any defects, no fluorescent

phot ogenesis i s generated, and the image capture brightness beconmes much

| ower.. This nmeans that,- in the 6 Septenber 2005 - 70 inspection nethod of
the present invention, the anount ?é phosphor is neasured by utilizing the
rel ati onship between the anount of phosphor and the intensity of

fluorescent photogenesis to determ ne non-defective or defective

products. In the above, description is made on a substrate nodel wth four
f | uortsEeht2 44y er sThis dippes ehtainpiint tbe phoyphéionadj aeehnologgach ot her
as an exanpl e for easy understanding. However, in practice, a plurality of
f1 uord¥ce&itengy ek R tinae GapPaertiedrighigierg o wwadly téutthehe i nspection
of all hosphors farnmed on the substrate, the brightness of the

f1 uor Phot e‘ﬁ&ﬁ’% Hay- e e Vhitarselst iveiFatestibyg t he

posi ti.on of the substrate with respect to the incomng light in the
dLreéFF%ﬁn§8F5§§:Vhe'HQDd%%g N BH SRHE SUipdt 1958

: Conngy&f%éfﬁhﬁEtjihe device will be. described bel ow

As described above, the phosphor used in the PDP is
excited to emit 1light by irradiating ulﬁraviolet'rays. The
- intensity of emission is influenced by the amount of
phosphor at the part subjected to irradiation of ultraviolet
rays and-highér.as the amcunt of phosphor is larger, and the
intensity of emission is lower as the amount of phosphor is
smaller. |
The inspection method of the present invention utilizes
this principle. As shown in Fig. 25, when the fluorescent
layer is irradiated with the light 2521 of the wavelength of
260 nm or under for promoting the fluorescence as shown in
Figf 25, the intensity of the fluorescent photogenesis is
differentrabcoxding to the amount of phosphor. Thus, the
brightness of fluorescent photogenesis 2540, 2541, and 2542
incident on- the imaging means 2440 is higher as the amount
.‘of.phosphor-is larger, and lower as the amount of phoéphor
is smaller as indicated by the curve X in Fig. 26. Wheﬁ no
fluorescent layer-is formed due to any defecfs, no
fluorescent photogenesis is generated, and the image capture

bfightness becomes much lower. This meaﬁs that,- in the-



, As descri bed above, the inspection of the fluorescent rlayer is carried out

for every fluorescent |ayer applied on the substrate to obtain the

bri ght ness signal waveform 720 correspondi ng to the anmoun$epdmiphd@sfphor of
fluorescent layer as indicated by the graph in Fig. 7. This brightness
signal .waveform 720 is forned normally if corresponded to the part of
the fluorescent |ayer of the substrate, the |arge brightness signal and
the small brightness signal are ..obtained fromthe grooves b and h

i ncluding the fluorescent 6 Septenbgr-2005 - 71 |ayers 700 and. 702 with

t he standard anmount of phosphor, and fromthe grooves e and k including
the fl uorescent Iayers 701 and 703 which are not nornmally applied,
respectlvelé/iO own t hat e%ylvalent brlg;tness framthe groove k

can be ‘dbtarned %?%%RQPﬁf WESSEN G et i ithg amednt 9Having no

fl ) f d, t.h He th h ht. | f

720, RREBo W nd R i oy Zf“%qept'at{'% R SR S e, pos 1 on of
th f | d be f d
. e e W iyl HALEISEN AR SO AT v%m,scaer? " hereinaf tor
ref erﬁk?&'té@e@és @rﬂcgM&?éﬁnlnﬁé&gn-&@fééﬁgfeeso%ef&eﬂe%ﬁ |s formed on the

grooves a, c, I'n sone cases, t he fl uorescent
Iayeqpﬁ@aﬁb@@other color or other two colors thereon have already been
fornmed due to the conveni ence of the step. In

In the above, description is made on a substrate model
- with four fluorescent layers of different amount of phosphor
adjacent to each other as an example for easy understanding.
However, in practice, a plurality of fluorescent layers must
be inspected. 1In order to carry out the inspection of all
phosphors formed on the substrate, the brightness of the
7 fludrescent-photogenesis may be measured while relatively
"moving the position of fhe substrate with respect to fhe
incoming light in the direction across the grooves formed on
the substrate. Betailed configuration of the device will be
described below.
As described abové, the inspection of the fluorescent
: ;ayer is carried out for every fluorescent layer applied on
the substrate to obtain the brightness signal waveform 720
'corresponding to the amount of phosphor of fluorescent layer
..as indicated by the graph in Fig. 7. This brightness signal
'.wavgform 720 is formed normally if correéponded to the part
of the fluorescent layer of the substrate, the large
brightness signal and the sﬁall brightness signal are

'-~gbtained from Che” grooves b and h including the fluorescent



.such cases, in order to carry out the inspection by paying attention to
only a certain color to be inspected, a captured imge wavel ength

sel ecting neans is provided on the inmging neans, and theSdpnspiee00h is
carried out for the <color to be inspected. Acceptance/rejection of the
substrate to be inspected can be determ ned by perform ng the signal
processing simlar to that of the waveform obtained by the inspection

met hod in the phosphor inspection step (1) 252 of the --present invention
to the em ssion brightness signal waveform 6 Septenber 2005 - 72 obtained
by the above inspection nmethod. In addition, the nethod for detecting any
defects with high accuracy by using the above substrate carrying speed can
al so be a %l% g. An inspection device for realizing the inspection nethod
and t %Y‘ﬁg u § t ¥ NP aet hold Bre t heaprlesd mueyne et aphoswher peawéscri bed
wth ieferggce to an. 27. Fig, 27 is a schematic illustration of the

i nspect PBnUetTRRVEOre rdat i i LW Pasae t§ B ret et of2Y$eS pr esent

i nvention basically

i nventjon, The.inspection device of e presen

conpp?ggsa%% ??%dﬁ?ﬁ%%ﬁﬁ&adﬁ&%§m§$&%fr%r£é@4 ngresrRCERe®hing i ght 2701

to be_lncjde sur f ace. of. t he haosphor with respect to the

subs_tarulzla(’?eigogé-%go%lge?th%)e%%%]dva](%?t stﬂ%s%? T P ANPS2OO%R ¥ magi ng

meanse 220 | ea G0 UEIDIG e G54 sed o 110N, 2702, or; the {1 yop escent
having no fluorescent layer formed thereon. Here in the

brightness signal waveform 720, the peak of the brightness

of a part corresponding to the position of the groove in

which the fluorescenlt layer is formed or should be formed

are referred to as 710, 711, 712 and 713, respectively, and
hereinafter, referred to as "brightness peak",

No fluorescent layer is forméd on the grooves a, c, d,
£, g, i, j and 1, yet. But in some cases, the fluorescent
layer with another color or other two colérs thereon haﬁe'
already been formed due to the conveniénce of the step. In

- such cases, in order to carry out the inspectiQn by payiﬂg‘
attention to only a certain color to be inspected, a
éapfured image wavelength selecting means is provided on the

.imaging means, and the inspection is carried 6ut fqi the
color tb be inspected.

Acceptance/rejection of the substrate to be iﬁspected
‘can be determined by performing the signalrprocéssing

'similar to that of the waveform ebtained by the inspection
method in the phosphor inspection step (T} 252 of the

‘present invention to the emission brightness signal waveform



phot ogenesis 2703 fromthe liqui d phosphor surface by a predetefnined
angul ar aperture,' and a signal processing neans 2731.for processing the
intensity signal of the reflected Iight 27.02 or the fl uoSaqsmerer 2005

phot ogenesis 2703 obtained by the, imaging neans, and the illum nating
means 2710 and the.imagi ng means 2720 are fixed by an angle adjusting
mechani sm 27431capabl e of changing the angle of [light incidence/reflection

0 between 20 and 80 wi thout changing the distance to the reflection point
of the light. Wen the inspectiomngrethod of the present invention is
carried-out in the phosphor 'inspection step (I) .252, the 6 Septenber 2005
- 73 angle of light incidence/reflection O preferably satisfies the

His the height of the partition walls constituting

Iﬁrenué)lrb%&gé‘%% %\gf itvg\"nete [?z?%fl?r AP 5 msithadhe dhogsketiata it he width of
thor B0 d A e R R0 PR g SIS ekt 1At ot PO eHat | o
spatt] Givohd: B . radBRt SRtk o i oo B 1B R i L he phosphor
i natall at B BRE R dsys iR, PRk Baaasll KR Erer8751 feea not b sane.
2(H EHR-rfd éﬂa*fhé<ﬂ%ﬁﬁf§5¥ﬁfing'method of the present invention

will be described with reference to Fig. 27.

Fig. 27 is a schematic illustration of the inspection
device for realizing the inspection méthod of the present
invention. The inspection device of the present invention
‘basically comprises an illuminating means 2710 for allowing
the incoming light 2701 to be incident on the surface of the
_phosphor with respect to the substrate 300 to be inspected
(or substrates 310 and 320), an imaging means 2720 for |
capturing the refiected light 2702 dr the fluorescgnt
photogenesis 2703 from the liquid phosphor surface by a
predetermined angular aperture, and a signal processing
means 2731 for processing the intensity signal of the
_refle;ted light 2702 or tﬁe fluorescent photogenesis 2703
‘obtained by the iwmaging means, and the illuminating means

2710 and ﬁhe.imaqing means 2720 are fixed by an angie
adjﬁsting méchanism 2743 capable of changing the angle of
light incidence/reflection O between 20° and 80° without
changing the distance to the reflection péint of the light.
When the inspection method of thé preseﬁt invention: is

¢arried’out in the phosphor 'inspection step (I) 252, the



La L# In addition, the phosphor form ng state for each groove over the
whol e length in the substrate noving direction can be inspected for the
substrate 300 (or 310 and 320) by noving at | east one of & bepterhbbenZOO&L i ng
means 2710 and the imagi ng nmeans 2720, or the substrate 300 (or 310 and
320) to continuously picking up the inmage of the reflected |ight 2702 or
the fluorescent photogenesis 2703 by the imging neans 2720.. In order to
nove the illumnating means 2710 and the imaging means 2720, a noving
means 2741 such as 'a gantry 6 Septepber 2005 - 74 stage is available, and
in order to nove the substrate 300 (or substrates 310 and 320), a substrate
carrying neans 2742 such as a stage or a roller carrier capable of

| oadi fjxi d_movj ng._ t bst.r at ilable_The intensit
<1 andtRB (s POoCrRa I G U Rds o)) BHE SRR g RIS *2720 15| nput

int Si | <Rr Ssin ans 731 .as i,ma i nformation . t.hrough the
si gna%et rfg)@ngll%t %’rig)e r?ewgnsq‘r%géﬁd t?'ﬁe hs%%%’é:l Q&?&&%ﬁaﬁgt &s 2731

ot orm ngs A o RarI STy BB /ot P aBT el Fy g hroadc e iRk Bhdi tion.

det er m nes non- def ective products‘or*d € pro n addition,

desCril iy 0a.made hn. dehah! opneheq, bhLuLAALLIg,IEANS 2710 and the
gi ng means 2720 Of the inspection device of the present rnvention.
Firstdhe dafi®ition walls with the phosphor applied thereto, and L

p is the width of the groove constituted of the partition

wélls with the phosphor not applied thereto. In addition,

when the inspection method of the present invention is

carried out in the phosphor inspection step (II) 254, the

angle of incidence 6 of the light ahd the installation angle

8'" of the light receiving part 2721 need not be sawme.

- %Z(H[j H,) <o <tan 2L

o ) i

tan

in addition, the phosphor forming state for each groove

over the whole length in the substrate moving direction can
 be inspected for the substrate 300 {or 310 and 320) by

moving at least one of the illuminatiné means 2710 and the
_imaqing meané 2720; or tﬁg substfate 300 (or 310 and 320} to
continuously picking up the imagefof.the reflected light
.2702 or the fluoﬁescent photogenesis 2703 by the iméging
means 2720. | |

.In order to move the illuminatihg'means 2710 and the

- imaging means 2720, a moving means 2741 such as a gantry



illum nating means 2710 basically conprises arlight source part 2711, a

light ejection port 2713, and a light transm ssion part 2712 for connecti ng

t hese conponents to each other. In particular, regardi ng Suptedber 2085 port

2713, the size of the entire device need not be.larger than required. In

order to prevent wasteful diffusion of the quantity of light of a |ight
source, the shape is slit-like, the width is 10 nmor under, and the
| ongitudinal in the longitudinal direction is 1,000 nmor under,

preferably. Further', the slit wigfh-is preferably at |least 0.3 mm so

that a nmeasurenent part can be illumnated with sufficient intensity
because the inspection is carried out by using a 6 Septenber 2005 - 7 5 -

standard |i.ght sour on the market, and the slit length in_the
| ongi T iHhA AP ST0 dfbCERES 0 Met@ Thro SHARLG A0 he
inated in uni form_nmanner in

neasurenment part. ca e il] a sufficientl
ordeﬁ%%)%%gé%f%ﬁﬁst g)a#ﬁ%§ Qﬂroﬁ\ﬁqﬁgﬁﬁ 3%%&#&8&1“ﬁ%@8|@3ﬁ@ sour ce

part 2711 t i1l umnd ' .2710_i ncl,ud hal. |'i ght .
e e e Y g Mdad R Aol TP R AR SE Lol t 206 ot cury

2D £ 333 1| PN AGE JTRI G AT AYL AL G RT3, 48, | ot

transm ssi‘on part I ncl udes opt1 er, an éexi'ting ~port 2713

i ncl udasrisildyohts ui0e 2Rgea st it § NV 19N AP Wie 1 1 @ mterial

of low light transmttance ratio

imaging means 2720 is input in the signal processing means
2731 as image information through the signal transmitting
means 2732, and the signal processing means 2731 processes
the signal, measures the phosphor forming state, and further
determines non-defective products or defective products.
In addition, description will be made in detall on the

~illuminating means 2710 and the imaging means 2720 of the
inspection device of the present invention. Firstly, the
illuminating means 2710 basically comprises a light source
part 2711, a light ejection port 2713, and. a light
transmission part 2712 for connecting these components to
each other. In particular, regarding an exiting port 2713,
the size of the entire'dévice need not be larger than
required. In order to prevent wasteful diffusion of the
qgantity of light of a light source, the shape.is slit-like,
the width is 10 mm or under, and the longitudinal in the
longitudiﬁal direction is 1,000 mm or under, preferably.
Further, the slit width is preferably at least 0.3 mm so

: that a measurement ﬁart can be illuminatedrwith sufficient

intensity because the inspection is carried out by using a



whi ch are capabl e of di sposing one side end of the optical fiber in the
line and exiting the light in the line. If the |ight source part 2711 and
the light ejection port 2713 cannot be separated from eacheppdrhiesr 26@8T0r di ng
to the kind of the light source, the light transm ssion part.2712 i s not
.used, but the light ejection port 2713 may be installed directly on the

| i ght source part 2711.. In addition, either of or both of a |light

- diffusing nmeans 2714 for bringing the correlation between the surface
shape and the brightness close to the_proportional relationship by
diffusing the exiting light and the light. polarizing direction selecting
means 2715 for selecting the light in the desired polarizing direction out
of the exiting 6 Septenber 2005 - 76 Ilight in order to inprove the inmage
capt ut PGS g%%gfb‘y SQIE Ry Thl §he Heerkt 3 tihe ddsiity deenstitarii ng
direction in . the inspection may be fitted to the exiting port 2713."' The
|ighttfb‘?f¥%‘§ﬁfh‘alqﬁ’e‘haﬁs SF G U P T g L aiFt dSa SHE@™ saand the i ght

pol arj.zing direction selecting neans 2715 includes a polarizing plate.
Rext | LT i PR O H 1T AR Gre AT TG o T9720 compr | ses. | ght
receiyipng. i sposed in a one- dinmensional manner, and includes a
CCD Iéll%ggls(gin%gf%Zlnr%f;&néﬁnda%n%lﬁojt%r%ﬁcgeﬁ n-Addi it ﬁté‘ef i ght receiving

part %ﬂgﬂecéﬁﬁhEMﬂﬂﬁ”HiéH”HE%&ﬂi&&Part 2722 for focusing the imge on

The light source part 2711 of the illuminating means
2710 includes a halogen light source, a metal halide light
source, a black light source, a high-voltage mercury lamp, a
low-voltage mercury lamp, and an excimer lamp, a light
transmission part 2712 includes optical fiber, an exiting
port 2713 includes a light guide and a slit plate having an

, aperture in a material of low light transmittance ratio
which are capabie of disposing one side end of the optical
fiber in the line and exiting the light in the line. If the
light source part 2711 and the light ejection port 2713

' 'cannot be separated from each other_according to the kind of
the light source, the light transmissionrpart.2712 is not
~used, but fhe light ejection port 2713 may be installed‘

. directly on the light source part 2711.

In addition, either of or both of a light diffusing
means. 2714 for bringing the correlation’ between the surface
$hape and the brightness'cloée to the proportional
relationéhip_by diffusing the exiting light and the light
polarizing difection selecting means 2?15 for selecting the

light in the desired polarizing direction out of the exiting



,the light receiving elenent, and the |light converging part 2722 has an
i mage capture angul ar aperture adjusting mechanism capable of adjusting
the i mage capture angular aperture so as to satisfy the G BadembarDes 4
below. A light converging part 2722 includes an optical lens, and the

~upper and lower Iimt values in the inequalities indicate the possible

val ues realized in a stop nechani smof the optical I|ens for general
purpose. In the inspection device of the present invention,. the
| ongi tudi nal direction of the lightg ejection port 2713 and the arrangi ng
direction of the light receiving elenents of the light receiving part 2721
are sane as the longitudinal direction of the phosphor forned on the
substrate. 6 Septenmber 2005 - 7 7 - . 1.2 < F< 2.0 In addition, a light
pol art'Ahy it g oS Ty M die 387 B SH S S8K Y tHe 1ight in the

t .

o P SO, LT LT A TS T e
cont (a5 MeRLOR P, WIE L1 1 L, deBlERY, R D delion o the
ol SRS 00 P 3 L Yo O LT e e
I ghtadeoelyi NgnPardo %4241, 80 i d-t ion selecting means 2715 '
includes a polarizing plate.
Next, a light receiving part 2721 of én imaging means
2720 comprises light receiving elements disposed in a one-
dimensional manner, and includes a CCD line sensor camefa
and a photomal. TIn addition, the light receiving part 2721
has a light converging part 2722 for focusing the image on
~the light receiving element, and the light converging part
21722 has an image capture angular aperture adjusting |
mechanism capable of adjusting the image capture angular
aperture so as to satisfy the inequalities 4 below. A:light
- converging part 2722 includes an optical lens, and the upperr
and lower limit values in the inequalities indicate the‘
possible values realized in a stop mechanism of the optical
‘.lens for general purpose. In the inspection device of the_
present invention,‘the léngifudinél direction of the 1ight
.ejection port 2713.aﬁd the arrahging direction of the ligﬁt
receiving elements of the light receiving part 2721 are same

as the longitudinal direction of the phosphor fqrmed on the

_substrate.



satisfy the inequalities 5 may be fitted to the light receiving part 2721.

The received light intensity attenuating neans 2724 may include an
extinction filter, and the upper and | ower val ues in thes Sepeepmiladri2008s 5
are set so as to carry out the inspection with high accuracy when the

i mge capture angul ar aperture is in arange of the above inequalities 4.
0.3 5 0D < 2.0 A captured i nage wavel ength sel ecti ng means 2725 for

sel ecting the wavel ength of the light to be captured may be .fitted to the
l'ight receiving part 2721. The -capyured image 6 Septenber 2005 - 78

wavel ength sel ecting neans 2725 includes optical filters such as a color
glass filter and a vapor deposition filter. \Wen the above light receiving

part 2721 has afreagy an irmage capture wavel ength sel ecting nechanism the
- image capture wavelength sel ecting neans 2725 need not be provided. The
Tight receiving part 2721 having the i nage capture wavel ength sel ecting

mechani sm may i nclude a three-plate type CCD color |ine sensor canera. \Wen

i nspect i ngt heldqihdsphora flagingoitatie by digediispeeld d®ihod of the
present invention, if the resolution in the direction orthogonal to the
ar r anggangs ﬁ]?bcﬁommeo]fedmmd ighd Yiegei vimgried etenired pdead iBGINg Means s

too large for the width of the phosphor which is
direction out of the reflected light may be fitted to the
light receiving part 2721 in order to improve the image
capture contrast by using only the.light in the desired
polarizing direction in the inspection. The light
polarizing direction selecting means 2725 includes a
polarizing plate. In addition, a received light intensity
attenuating means 2724 for attenuating the intensity of the
light;incident on the light receiving part 2721 so as to
satisfy the inequalities 5 may be fitted to the‘light
receiving part 2721. The received light intensity
attenuating means 2724 may include an extinction filter, and
the'upper and lower values in the inequalities 5 are sét S0
as to carry out the inspection with high,accuracy when the
‘image capture aﬁgular aperture'is in'a”range bf.the above

inequalities 4.

- 03<0D<20

A éaptured image wavelength selecting meané 2725 for
selecting the anelength of the light to be captured;may be

fitted to the light receiving part 2721. The captured:image'



the object to be inspected, sufficient brightness information cannot be

obtained for the inspection. On the other hand, if the resolution is too

smal |, brightness "information obtained in the inspecti @Sdienihee260bstrate
is too nuch, and the signal processing is burdened. Thus, at |east one of
the scan rate of the imaging neans and the speed of relative novenent 300
(or 310 or 320) with respect ..to the illumnnating nmeans 2710 and the :
i magi ng neans 2720. is preferably. adjusted so as to satisfy the follow ng
inequalities 1, where Ris the resgjution-of the imaging neans, and La is
the wwdth of the groove which is forned of the partition walls and coated
by the phosphor. 6 Septenmber 2005 - 79 3< a < 10 In addition, a substrate

advancenent nsi ng neans 2751 % r. aut tically sensi. t he advancenent
of  t HEVEUBREFE: Bo ARG EaFERRG HE " ARG CkS (PE 58 1gadd T ng may be
fitted ,to the ins eﬁéion %egi%e of the resen invggtio%alxh% substrate
advaibEReRt SefSiR 8RS8 2151k thél Ja&°% ot der &Lt r'itc “§érisor. Stil
furt Erep %h%”%%%ﬁz%teiigﬂé' Q%g%&%%rgf@%s&r 1235 {Te3ILS al%é%%yf %51 measuring the
subsfrate carryirng spéed and i nproving the accuracy of “the inspection may
be f'ﬂnggg t9ptlie h%%—%g%&r}'g% deyi.ce ;Qf &4_;%%@1%%? tlhlrévgﬂltdl n- The
. substrate ving spee asuring neans may | ncl ude _

capture wavelength selecting means 2725 need not be provided.

The light receiving part 2721 having the image capture

wavelength selecting mechanism may include a three-plate

type CCD color line sensor camera.

When inspecting the phosphor forming state by the

inspection method of the present invention, iflthe

resolution in the direction orthogonal to the arranging

~direction of the light receiving element of the imaging

means is too large for the width of the phosphor which is

the object to be inspected, sufficient brightness

information cannot be obtained for the inspection. On the

other hand, if the resolution is too small, brightness

information obtained in the inspection of one substrate is

too much, and the signal processing is burdened. Thus, at

least one of the scan rate of the imaging means and the

speed of relative movement 300 (or 310 or 320} with respect

-to the illuminating means 2710 and the imaging_means 2720, is

'preferablyfadjusted so as to satisfy the followihg

inequalities 1, where R is the resclution of the imaging

means, and Ly is the width of the groove which is formed of

the partition walls and coated by the phosphor.



i nspect ed

contact type speed indicator and a | aser Doppler type speed indicator
Next, description will be made on a manufacturing nmethod of a display panel
using the inspection nmethod of the present invention w tdSdphentzacl0opl at e
of the PDP as an exanple. In the manufacturing nethod of the present
invention, at |least one of inspection steps of inspecting the formng
state of |iquid phosphor or the fluorescent |ayer- by using the inspection
nmet hod i medi ately after a step 251 of 6 Septenber 2005 - 80 applying
l'i quid phosphor between the partitygn-walls, or imediately after a step
253 for drying liquid phosphor and formng the fluorescent |ayer. The
object to be inspected by the inspection nethod of the present invention
is not continuously manufactured |ike plastic film but separately
manuf actured for each individual |ike the back plate of the PDP. Thus, to
keep the gansdigtignt inspection sensitivity for each individual is to
ensure the qu# ity of every product with high accuracy by the inspection
Met hod of the present invention- Here, the .elenment nost inportant for
keepi ng the consistent inspection .sensitivity for each individual is the
quantity ight for the |nspect|on- For exanple, if the substrate is
nbﬁdgﬁélPiﬂghta sPsH%RAtse aglyamaempnds Steﬁélmgmea@§e§7l5ﬁ t he

for automatically sensing the advancement of the substrate
and starting the image capture at good timing may be fitted
to the inspection device of the present invention. The
substrate advancement sensing means 2751 may include a
photoelectric sensor.
Still further, a substrate moving speed measuring means
2752 for measuring the subétrate carrying speed and
~improving the accuracy of the inspection may bé fitted to
the inspection device of the present invention. The
1substrate moving speed measuring means 2752 may include a
contact type speed inaicator and a laser Doppler type speed
indicator. |
| Next, description will bermade on a manufacturing
- method of a display panel using the inspection method of the
' present invention‘with the back plate of the PDP as an |
example. | |
In the manufacturing method,ot the ptésent_inventidn,
at least one of lnspectlon steps. of 1nspect1ng the formlng
state of liquid phosphor or the fluorescent layer by us;ng

the inspection method immediately after a step 251 of



i nspection of the substrate inmmediately before the previous substrates,
“for exanple, within the manufacture lot, brightness information obtained
by the inmaging nmeans is also about 50% of brightness i nfogsmdrhian 2005 t he

i nspection obtained i mediately before the previous inspection. Thus,
degradation of the inspection sensitivity is a clear fact. One of the
causes for different intensity of the inspection light by the substrate

i nspection includes degradation of the illumnating neans. Further, since
the reflection characteristic of ghe_inspection light is different
according to the individual difference, |ot nunber, 6 Septenber 2005 -- 81
kinds, etc. of the substrate. to be inspected, brightness information

obtai ned by the imaging nmeans is different. In order to solve this problem

and @&Péiﬁfﬂft%el%ﬁéi Srhohdicreem Senspaivition walksy esubstrate to be

i nspected,. the quantity of light of the inspection light emtted by the
4%@5@@

i1 urieRT iy fifst® bt Yot ol fel dshtd tyi@tid igmsry esndon of the
| ropsclband |Gl citll.be deseribed w th reference (o Fig. 28 Mg 20 s 2
o per or m End G Koy ot e BT heon P oraRGOa Gt recel ving
- duand g LI 9 S0 SRRy A RS AL S
plastic film, but separately manufactured for each
individual like the back plate of the PDP. fThus, to keeé
the consistent inspection sensitivity for each individual is
to ensure the quality of every product with high accuracy by
the inspection method of the présent invention. Heré, the
~element mosf-important for keeping the consistent inspectioh
~sensitivity for each individual is the quantity of light for
the inépection. For example, if the substrate is inspected
by the light of SO%Ithe-quantity of the light used in the
inspection of the substrate immediately before the previous
substrates, for example, within the manufacture lot,
brightness information ébtaihed by'thé imaging means is also
about 50% of brightness information on the inspection
obtained‘immediatelf before the previous inspection. Thus,
degradation of the inspection sensitivity is:a élear fact.

One of the'causesAfor différent intensity of ther |
;inspection light By'the substrate inspection includes
Adegradation‘of'the'illuminating means. Furthei, since the
reflection characteristic of the inspection light is

~different according to the individual- difference, 1ot number,



in the inspection device (2820) in advance before starting the inspection
(2810). After starting the inspection (2810)., inage of the substrate to
be inspected. is captured through the waiting state (2820 Sgftéraber20ast i ng
the inspection (2810). The obtained inmage signal is processed (2840), and
acceptance or rejection of the substrate to be inspected is determ ned
(2850). xn addition, when processing the signal, information on the |ight:
receiving quantity obtained in 'the inspection of the substrate is acquired
(2871), the control quantity of thg iJlum nating neans is cal cul ated so as
to obtain the quantity of light closer to the target |ight receiving
guantity which is firstly set in the inspection of 6 Septenber 2005 - 8 2 -

. the pext subgtratﬁ £ 872% and the illumnating nmeans is controlled
(2873} P¢fie Ebhst 9ht éecﬁ brEtahe FAsBecinsRecsensi Priohyineas be obt ai ned

by thi uantity-of-1ight  correcting, nmethod irrespective of degradation of
t he #ﬁF%ﬁ?ﬁ%f?ﬁgoﬁﬁﬁﬁg?diﬁﬁi5 gualadifrelente of Ehéfeupstratés to be

i nspe t er..and _kind. Furth .one_of the |large characteristics
of thggggﬁsggc?ggﬁgné?ﬁ%dpg b?ﬁ@ SPgs8ﬁ£é?ﬁngFiSHHP%SFﬁEF any groove

and/ o it h LLy:1Ln_fhe pha or form .State ner at ed
there?%gégﬁt eﬂiﬁgﬁg??ggg#§vﬁgnegﬁ§y 3B§§EHEFFt OogguFESPﬁCF%g'phosphor

flor M e shabiel Lheofausgn: ob rIBRET 2hhBACEL SR L0ghDooR1 8RA5H, OLnaPP! Vi ng
~illuminating means must be controlled.
Quantity-of-light correction of the inspection light

will be described with reference to Fig. 28. Fig. 28 is a
.flOWChart for showing the inspection method df the present
invention and an example of a quantity—of—light correcting
method of therinspection light. To perform the quantity-of-
light correction, the. target light receiving quantitf which
is the tafget for quantity-~of-light correction ig registered
'in the inspection device {2820) in advance before starting
the inspection (2810).' After starting the inspection (2810},
image of the substrate to be inspected is captured througﬁ
.the waiting state (2820) after starting the inspection
{2810) . The obtained image signal is prbcessed {2840), and
acceptance or rejection of the substrate to be iﬁépected is
détermined {2850f. In‘addition, Qhen processin&nthe signal,
information on the_liéht receiving quantity obtained in the
‘inspeption qf the substrate is acquiredr(287l), the control

'_QUantityrof the illuminating meéns is calculated so as to
obtain the quantity of light closer”to fhe targe£ ligﬁt ‘

receiving quantity which is firstly sét in the inSpéCtién of



phosphor to the grooves. In this step 251, three kinds of neans for
applying liquid phosphor are well known as described above, and when any
defective application of [Iiquid phosphor occurs, the causSepi@ibedeb@stive
application lies in the position of generating defective application and
a part corresponding thereto in each kind of neans. If the groove and part
at which the abnormality in the phosphor .form ng state occurs can be
identified, it is understood that the cause for generating the defective
application is present in the |iLgykd_phosphor applying neans and the part
.correspondi ng thereto, and the cause for the defective application can be
elimnated i mediately. This neans that, if the cause for generating the 6
Septenber 2005 - 83 defective application cannot be identified in the

|i qui 8P phesbhorlabpt i n§2¥rtahs, ahdetbpehl hBRLINABENG| Redpat LAg the . cause
for defective application nmust be taken for all liquid phosphor
appli%%??%%lh%gng?SE%H'inT?%ec%%%E?%E%MrFﬁ@shﬁiﬁﬁﬁ ip$penpkipresent
invention, the place ,n ich the cause for enerating the defective

appt | SHEF bR TEE D SEE R R SnSd dafic FRTsaSuandt tHes br bhghent for o
elimpating. the defective applicatio b aken to the identified part
of thggr¥?%3}%gﬁﬁ%%%%%rlEﬁ%ﬁ§$ﬁﬁlﬁ%aﬂg.ggéﬁag?éé?ﬂeﬂ% FBf elinminating the

Cruiser [ Alm AELEPA) VR AP0 | FRALONLDE! YO EBSCLBE - £D0YS, PR 0072! & and

elimnation o e stuffi
to be inspected, lot number, and kind.

Further, one of the large characteristics of the
inspection method of the present invention is that any
groove and/or part with abnormality in the phosphor forming
state generated therein can be'identified4 When any
abnbrmaiity ocCcurs in'the‘phosphor forming state, the cause
of generation lies in the step 251,Of applying liquid
phosphor to the grooves. 1In this step 251, three kinds of
means for applying liquid phosphor are well known aS
.described above, and when any defective application of
liquid phosphor occurs; the cause for defective application
lies in the position of genérating defective application and
a part corresponding thereto in each kind of means. If the
.grobve and parf af which the abnormality in the phosphor o
_forming state occurs can be identified, it is understqod
that the causelfofrgenerating the defective application is
present in the liquid phosphor applying meéﬁs.and the part
.corresponding théreto, and the cause for the defective
application can be eliminated,immediately.

This means that, if the cause for‘generating the



by an ultrasonic cleaning machine if, for exanple, the. |liquid phosphor

- applying neans is a nozzle applying nethod. In addition, in the

manuf acturing method of the present invention, the groouweS&senipardont

whi ch any abnormality in the phosphor formng state in the defective
substrate are identified, and the defective substrate. is repaired, and
recondi ti oned as a non-defective product. ' Description will be, nade on a
defect repairing method when any defective substrate is discovered in the
phosphor . inspection step (1) 252 wkth reference to Fig. 29. Wen the
.inspection device of the present invention detects any defects, the
substrate 330 with |iquid phosphor of the first color including the
defeg%ﬁ%g @arts 2901. and 2902 is carried to the defect repairing step (I)
261 B30T P& I I iR e Etleeridopbi tigy insttdie 26B1wEd drying |i qui d
phosphor to forma fluorescent layer. In the defect repairing step (1) 261,

def edt OIS MAATH Jhe Her SUBMH at o B F0 il it Eididehe rom  t he
PR R S S PR RO S IO LS R T
or s P M e Melrar @Rl et it Vi a9 dBTOE are
ey Tl e e R
generating the defective application is present can be
identified, and the treétment for eliminating the defective
application may be taken to the.identified part of the
liquid phosphor applying méané. Thé treatment for
~eliminating the cause for defeCtive application includes the
rapid-change of a nozzle, and elimination of nézzle stuffing
by an ultrasonic cleaning machine if, for‘examplé, the
liquid phosphor applyiné means is a nozzle applying ﬁethod.
In addition, in the manufacturing method of the present
invention, the groove and part at which any abnormality ih'
the phosphor forming state,in the defective substrate are
identified, and the defective substrate is repaired, and
reconditioned as a non~defe¢tive product,
Description will be made on a defect répairing-method
when any defective substrate is discovered in‘the phosphor
‘inspection step (I} 252 with reference to Fig. 29. When thé
.inspection device of the present iﬁvention defeCts aﬁy
.defects, the substrate 330 with liquid phosphor of the first
colpr inélﬁding the defective'pérts 2901.aﬁd 29627is carried

to the defect repairing step (I) 261 before.performing-thé



Description will be nade on the defect repairing nethod when any defective
substrate is discovered in the phosphor inspection step {Il) 254 with
reference to Fig. 30. Wien the inspection device, of the Psgasitr 200vention
detects any defect, the substrate 331 including defective parts 3001 and
3002 with the phosphor up to the second col or coated thereon is carried in
the defect repairing step (11) 262. In the .defect repairing step (11)

262, information on the defect position of the substrate 331 is obtained
fromthe inspection.device, the defect repairing nozzle 3010 is noved- to
the position of the defect 3001, and'the |iquid phosphor 3020 is applied
to-the defect position This operation is repeated until all defects

prese . r d fects are
repalsrr]cte(f! r&t%e%sftsjg%f’{ fgpcé)r %%%c{ %%t ftoo W%luoqueﬁ%% drying liquid
phos Sept ge rm { f lgr esgs ayer. |f phosphor
for H@;{{%ng ﬁgl g;'%l ﬂezfl%QT%t re%sdlrtl% b(%tc r:ﬁéd 2‘(‘%5‘}[ toeﬂ%]e‘J step 251 of

appl g d 1d3uii6) Rhasrhn bat ween stdﬂ)%t&%rtfé N Maldpta e Hes bed above,
t he, "'object of the present invention is to provide a manufacturing nethod

in WhiHd thgasRhefevifar, Mg salRd SdpasRasiehorAi g accuracy by
using the inspection met hod of t he present invention, troubles in the

st epsecarer] rapitiey prfaiired dff wdef erifecar e swant |am¢ptt3;ley generat ed, the yield
is inmproved with degrading the yield
phosphor 2920 is applied to the defective position. This
operation is repeatéd until all defects present in the
substrate 330 are repaired,-and when all defects are
repaiféd, the substrate 330 is carried out to the step 253
of drying liquid phosphor to form the fluorescent layer.
Description will be made on the defect repairing method

- when any defective substrate is discovered in the phosphor
inspection step (II) 254 with reference to Fig. 30. When
therinspection device. of the present invention detects any
defect, the substrate 331 inéluding defective parts 3001 and
3002 with the phosphor up to‘the second color coated thereqn”
is carried in the defect re?airing step (II) é62; In the
‘defect repairing stép {11) 262, information on the defect
position of the substrate 331 is'obtaiﬁed from the
_inspection_device, the defect repairing nozzle 3010-18 moved -
to the position of the defect 3001, and the liquidlphosphér

3020 is appiied to the defectrposition."This operation is

| repeated'until-all defects present in the substrate 331 are
?épairéd, énd when all defects are iepaired,-the,subStraté

‘331 is carried out to the step 253 of drying liquid phosphor



rate by repairing defective substrates and reconditioning themto

non-def ective products, and the substrate of high quality and high
reliability is manufactured. Enbodinent Details of the %@@WﬂﬁﬁEOQﬁtion
wi || be described using several enbodinments. in the first enbodi nent of
the present invention, a back plate of the PDP was manufactured by
performng only the phosphor inspection step (1) wthout performng the
phosphor inspection step (I1) in the step. shown in Fig. 2. A substrate
havi ng the grooves of the width-L8hewn in Figs_ 3, 6 and 15 was used for
the objective substrate to be manufactured. A nozzle applying nethod was
used in the step 251 of applying |iquid phosphor to the grooves, and the

| oot 1,080 1 N0N oL iy d TV UABAL.L 16 PhoSRAY sknspect | on

step eptenber I n parti ar, the inspection device of

the |Jquiid | JpROSBROE (O B8 stakeotitl kobrdestiibod ibeliow i n detail . A

hal ogen T'i ght source s used for the light source part 2711 of the

i"lﬂ&gﬁﬁﬁﬂ%@ q&gﬂ§d2££%spma% bie@hre chs thed phe titg ol kghti sej ection port of

the wdth of 0.5 nmx the length of 100 nmthrough optical fibers, a
di ffusi onapl gk8-anded aBOYAli EhBJoBhate aretpeopirdedneninhkenkight ej ection

port, the CCD line sensor camera with the |ight receiving el ements
is to provide a manufacturing method in which the phosphor
forming state is inspected with high aécuracy by using the
inspection method of the present invention, troubles in the
steps are rapidly repaired if defects are continuously
generated, the yield is improved with degrading the yield
rate by repairing defective substrates and- reconditioning.
‘them to non-defective products, and the substrate of high
quality and high reliability is manufactured.

Embodiment

Details of the present infention will be described
ﬁsiﬁg several embodiments.

In the first embodiment of the present invention, a
back plate.of the PDP was manufactured by_performing_only
the phosphor inspection step (I) without ?erfbrmind the
phosphor inspection step (II) in tﬁe step_shown in Fig.-2.
A substrate having thergrooves of the width Llshown in Figs.
3, 6 and 15 was used for the objectivé substrate'to be
manufactured. A nozzle applying method was used in the step
251 of applying liquid phosphor to'the-grOQVeS, and thel
inspection device shown in Fig. 27 was used in the phosphor

inspection step (I).



of 2042 pixels arrayed in the light receiving part 2721 of the imaging
means 2720 in a one-directional manner was used, a general purpose
collective lens was used for the |ight converging part 272ptemereri2Red F
nunmber was determined to be set to 1.2 by a stop mechani smof the
collective lens regarding the inage capture angul ar aperture 6k. Further,
by maxi m zing the stop-of the collective lens, the light of the intensity
not |ower than the capacity of the light receiving el enent of the inmaging
means is incident, and thus, the Béceived light intensity attenuating
nmeans 2724 is installed before the collective lens to attenuate the
intensity of the incomng light. A general purpose extinction filter of OD

0. 6, vas ueath ofcither r 08l Vet d Ao MERRLL Yo BUURDUAL Iy Means 2724 11

addltlon regar di ng t he angl e of i nci dence/ref n 0 of the

i nconbRgsph@ht £37RInang- s he wief l et 2 S e i pspection,.
t he g%tlﬁ%ﬁ]G Septen er 2005w87 an% ggg%kg?%%tggﬁgﬁdgﬁcg a%Pectgon 0 for

t he i hspegéiobiyas s@@f@@l@&@%ié@ﬂf&betﬁéckl@ﬂlﬁt§oQ§§é9|?a¥E‘| p¢ and the
i mge capture angular aperture Ok, and the value was reflected therein. A

generaf poepblbunimgel p§ ocessor2wes, usied foghthes sbgnah Phecessi ng neans
2731 to process brightness information obtained by the inmagi ng neans 2720.
The Heglat| eilepr beessing chntientwidich udesot hemeasuheneshgeh &he :
| 100 mm through-optical fibers, a diffusion plate and a
polarizing plate are provided on the light ejection port,
the CCD line sensor camera with the light receiving eléments
of 2042 pixels arrayed in the light receiviﬁé part 2721 of
the imaging means 2720 in a one-directional manner-was used,
a general purpose collective lens was ﬁsed for ﬁhe.light
converging part 2722, and the F number was determined to be
set to. 1.2 by a stop mechanism of the collective lens-
regarding the iﬁage capture angular aperture 0k. |
Further, by_maximizing the stop of the collective lens,
the light of the intensity not lower than the capac1ty of
the light rece1v1ng element of the imaging means 15 incident,
and thus, the received light intensity attenuating means
2724 is installed before the collective lens to attenuate
: the ihtensityrof the inc@ming light. A genefal purpose
'eﬁtinétion'filter of OD = 0.6 was used for the received
1ight intensity attenuating means 2724. |
In addition, regarding the anglé of.light
ingidence/reflection 0 of the incoming lidﬁf 2701'and the

reflected:light.2702 used in the inspection, the optimum



application volune of |iquid phosphor applied to the grooves with al

| i qui d phosphor applied thereto fromthe brightness peak waveform obt ai ned
fromthe CCD line sensor canera, the setting first and $eT@fmbanEeehol ds
appropriate for the brightness peak waveform and the inspection that .the
liquid phosphor application state of the grooves indicated by the

bri ght ness peak below the first threshold or the brightness peak above the
second threshold is defective. Further, in .order to carry out the

i nspection over the entire substrage, . the substrate 300 was noved, and a
roller carrier was used for the substrate carrying nmeans 2742. In
'addition regarding the resolution in the substrate carrying direction of
the |na the canera’'scan rate was adjusted so that the

suffu‘?)’i1 ‘PEEgb%EB‘Fohn%h%%ﬁ%%&rﬁ?%l%?m@u%e‘%pra bR Glebsn i widr mat i on
not to § burden on the signal processing neans can. be obtained. In
orderc? B?%g%ﬁtf“aagF%%a??%#.Qﬁa éd?%%%%cY?B%e AUk ylBeg®i butabl e to

the c n_the, substr t e 2005, - carrying speed, a nethod
was eEI g‘g]é%l altl%u%/\% C?‘P?]ﬁ aeﬁrg f A HE §”f?e%or‘?§%/ fedl ated fromthe

nspoctt oo by FrsElAT gl és“%affﬁa'pﬂ?%i%f‘ﬁi?%s' ot 240 B B

- i nspecti on. t he wave 5! %%ceptance

or rei;f&ﬁéprbp(gcé%% a' ﬁg%é@g eZT?é)p 1&9 énfoéggge]g]ge&tns determ ned with

reference to the resu
information obtained by the imaging means 2720. The

detailed processing content includes the measurement of the
‘application volume of liquid phosphor applied to the grooves
with all liquid phosphor applied thereto from the brightness:
peak waveform obtained from the CCD line sensor camera, the
setting first and second thresholds appropriate for the
brightness peék waveform, and the inspectioh that the liquid
?hoSphor application state of ‘the grooves indicated by the
brightness peak below the first threshold,or the brightness
peak above the second threshold is defective. Further, in

-order to carry out the inspection over the entire'substréte,
the substrate 300 was moved, and a roller carriér was used
for the substrate carrying means 2742.

In addition, regarding the resolution in the substrate
-cérrying di;ection of the imaging means, the camera scan
ratg was adjusted so that the sufficient inspection accuracy
is maintained, and brlghtness information not to 1mpose a.
burden on the signal proce551ng méans can be obtalned

In order to prevent. degradation of the 1nspectlon

accura¢y~attributable to thé-change in the substrate



In order to inspect a plurality of substrates at the consistent
sensitivity, a nethod was enployed, in which the quantity-of-light val ue
is calculated frominmage information obtained for each inSgpéatievd0@F one
substrate, the control quantity of the illumnating nmeans is cal cul ated
based thereon, and the quantity of light is corrected. In addition, when a
~ defect occurs, the cause for the defect is rapidly identified, the step is-
repaired, the defective substrate is subjected to the defect repairing
step (1) to repair the defect and ggconditioned to a non- defective
substrate. As a result, the inspection was carried out at the angle of
l'i ght incidence/reflection O which is calculated fromthe back plate
design value and the imge capture angular aperture &. by the above

f or mif & 2t bpth forGHhed Mispedm s ehnd higH &y Nbreati o was obt ai ned,
A e 50 S D B 0 AR o
1 SUIPCE SRR SRS e SRR S0 B ST e S0
0 S48 40 0B 00 LIFLSSRLIG, LIS e e oo
even Hndsese D (&nq_iéjié?fti%fn Rl LRRIH£AL QD M) Y e inspected
is determined with reference to the obtained result.
In order to inspect a piurality of sﬁbstrates at the
consistent sensitivity, a method was employed, in which the
quantity-of-light value is calculated from image information
obtained for each inspection of one substrate, thé control
quantity of the illuminating means is calculated based
thereon, and the quantity of light is cérrected.
In addition, when a defect occurs, the cause for the
defect is rapidly identified, the step 1is repaired, the |
defectivg substrate is subjected to the defect repairing
step (1) to repair_the defect ahd reconditioned to a non-
-defective substrate.
| As a result, the inspection was carried out at the
angle of light incidence/reflection 6 which.is calculated
from the back pléte design value and the image capture
- angular aperture 9k by the above formula‘and optimum for the
inspection, and high S/N ratio was obtained, leading to easy
classification of the gro0ves to be inspected from the
-grédves.whicﬁ need not be inspected. Liquid phosphor was

applied so that the surface shape is céncave. The



300,

hol e of the nozzle for applying
of liquid phosphor

coagul ate of the conposition of liquid phosphor was stuffed

In the step of applying | i'quid phosphor to the grooves ~of the substrate-

in one

l'i qui d phosphor and def écidpteteppbiscati on
occurred, and this was detected by the above inspecting

means. Further, by identifying the position of the defective part, the
nozzl e need not be detached froman applicator for overhaul cleaning, and
the stuffed hole of the nozzle was ultrasonic-cleaned while 'the
being -fitted to the applicator, ggd_the stuffed coagul ate was,

and occurrence of continuous defec
def ect occurrence frequency and in

‘nozzl e

renoved,

S could be avoided in the m ninmum
the m ni mum recovering work. The

defective substrate was subjected to the defect repairing step (I), and

applying liquid phosphor to the grooves of the substrate 300, an
qw‘ct

abnorFtPs §3n

recorfREF bl e ke tirerd dftec tsue st sthragtee arld tddiddioh triesd hies st ep of.
U draneriveasetb wal el wifire pries suvdaziing deidioe of t he

nozzle  -applicator for applying |iquid phosphor, and defective application

occurd ¥l IR Jiisd PIFSEHHGP BICq R BHEUN e $alte miertiz005 -

than t he
i nspectt

90 nore

S ecif'eqﬁgalue was applied, and this was detected by the above
?ﬁ;’nﬁﬁi.t CSRETdd Y Sedpmith iitidus cerlektre deP¥ss avoided in a

mlﬂrgggékgéﬁér Qeeurrence freqy%gﬁﬁjgnd i.n a mninmumrecovering work by

ion O application volume.
In the step of applying liquid phosphor to the grooves

of the substrate 300, coagulate of the composition of liquid

. phosphor was stuffed in one hole of the nozzle for applying

liquid phosphor and defective application of liquid phosphor

_occurred, and this was detected by the above inspecting

means. Further, by identifying the position of the

- defective part, the nozzle need not be detached from an

applicator for overhaul cleaning, and the stuffed hole of

the nozzle was ultrasonic-cleaned while the nozzle being

i-fitted to the applicator, and the stuffed coagulate was

;emoved, and occurrence of continuous defects could be

avoided in the minimum defect occurrence frequency and in

~the minimum recovering work. The defective substrate was

subjected to the defect repairing step (I), and

- reconditioned as a non-defective substrate.

In addition, in the step of applying liquid phosphor to

fthe,grooves of the substrate 300, an abnormality occurred iﬁ :

_ the set value of a pressurizing device of ‘the nozzlé

-applicator for applying liquid phosphor, and defective

.application occurred in that liquid'phosphor.of the amount



identifying the position of defective parts and the application volune to
estimate the appropriate set value of the pressurizing device, and
reflecting the estimation to the device. The defective Subgtemiice 2085

subj ected to the defect repairing step (I), and reconditioned as a non-
defective substrate. Variance in the substrate feeding speed of about f 50%
caused by the eccentricity of a notor shaft of the roller carrying machine
occurred during the inspection for a plurality of sets of I|iquid phosphor,
but the inspection could bé carrigg out with high accuracy w thout

m stakenly detecting normal |iquid phosphor as defects. In the inspection
carried out for a plurality of = substrates during the operation in the

manuf act ur | ste t he variance of the uantlty of -1ight val ue obtained
by th%or‘?rrtl IPtg rl‘f%a?%e%gl%o‘(ﬁ lugggammPr-hednspettiio® ¢t d be carried

out for the %t y .of substrates at substantially consistent

sensi ‘?W‘tﬂf/ RGP G e R P B Thth teit tr e SRS Ry to t he .

b t f t dth b like th te 310 sh i
Fag. é&‘%f%tﬁ’é %e% e® SEOURT %ea%iepafé?%é r%wgf S Tedspect i on was |
;:ﬁ(rar L(g% QP:%%I?%e tjfsgltgpeqtcey Oinct'ﬂqht f I o“gtorq< %an culated from

identifying the position of defective parts and the
épplication volume to estimate the appropriate set value of
the pressurizing device, and reflecting the estimation to
the device. The defective substrate was subjected to the
defect repairing step (I), and reconditioned as a non-
defective substrate.

Varianég in the substrate feeding speed of about + 50%
- caused by the eccentricity of a motor shaft of the roller.
carrying machine occurred during the inspection for a
plurélity of sets of liquid phosphor, but the inspection
could be carried out with high accuracy without miétakenly'
detecting normal liquid phosphor as defects.

In the inspection cérried out for a plurality of
-substrates during the operatisn in the manufacturing step,
Athe variance Qf the quantity—of—light value obtained by thé
dimaging means was about * 5%, and the inspection could be
carried out for the pluréllty of substrates at substantlally
. consistent sen51t1v1ty

The substrate to be manufactured was changed to the
substrate of different groove width by RGB like the |

substrate 310~shown in Fig} 4. Similar to the ébove, the



val ue and the imge capture angul ar aperture 6k and optimum for the
i nspection, and high S/INratio was obtained, |eading to easy

classification of the grooves to be inspected from

not be inspected. Simlar to the above, defective application of

phosphor occurr ed,

and

t he defective substrate was reconditioned to a non-defective

t he grSpuasbenld@h need

l'iquid

and was detected to renpve the cause for the defects,

substrate. Next, for the second enbodi nent of the present invention, the
substrate 320 having the groove wi{,h _transverse ribs shown in Figs. 5 and "

22 was manufactured by

t he manuf acturing nmethod according to the first

enbodi nent. this case, a black light for irradiating the Iight of the

wavel ength of mainly 360 nmwas used for the |ight source

part 2711 of the

i |1 untRaPealiaeangs2zaoriaddoutsitt tipd ategleast useghfor the |ight ejection
port 2713, respectively, and the light transm ssion part 2712 was
| n addREidpnceireasert poppd erategpha sy efiromdicatiorchasl atstdddisgh f or t he
substrate nnvinghspeed measuring means 2752. Further, in this case, in

or der VEOUE npPdv
accept.anc

proce %anhgééﬂép hEégrat 839phi gt B

ht receivin

2005 gg egéy'é a531§1catlo g%e he grooves £o be inspectéd from

the grooves which need not be inspected. Similar to the
above, defective application of liquid phosphor occcurred,

and was detected to remove the cause for the defects, and

- the defective substrate was reconditioned to a non~defective

substrate.

| Next, for the second embodiment of the present
invention, the substrate 320 having the groove with
transverse ribs shown in Figs. 5 and 22 was manufactured by
the manufacturing method according to the first embodiment.
In this case, a black light for irradiating the light of the
waveléngth of mainly 360 nm was used for the light source
part 27i1 of the illuminating means 2710, and a slit plate

was used for the light ejection port 2713, respectively, and

‘the light transmission part 2712 was removed. In addition,

a laser Doppler type speed indicator was installed for the
substrate mbving speed measuring means 2752,

Further, in this case, in order to improve the

inspection accuracy, a method for determining acceptance or

rejection of the substrate was employed, in which the signal

processing means integiates=brightness data for a plurality

renoved.

thetagRspaetiibn akdutatyarar Herddik fard derlekmimi ng
rejection of the sub;trate_mas enpl oyed, in which the signal
disryata FoF ebhrimedi t yedBept enber

nts to obtain the average brightness



waveform As a result, the l'iquid phosphor application volume for the
substrate 320 was different for each cell held by transverse ribs, and it
~was confirned that defective parts can be detected w th6feptenstee Q0@Ty by
averagi ng brightness information for 200 pixels of the light receiving
elements of the canera. It is also confirmed that the S/INratio is higher
than that by the inspection nmethod according to the first enbodi nent by
using the light of the wavelength of 360 nmin the inspection. Here, in
the step of applying |iquid phospth to the grooves of the substrate 320,
twenty holes of the nozzle for applying |iquid phosphor were

simul taneously stuffed by inpurities contained in |liquid phosphor before
application, and defective application of |iquid phosphor occurred, and
thi s %astyetbctege byl ithes bieRAL s nspeditian ndthcvenate Hisiohdasss it was
deternineg t hat change of the nozzle led to earlier restoration of the
step YAANR 8 Raning all holes, and the nozzle could be changed. Further,

he ste gpuld pe st ised b changing L quid phosehor, contal ning mich
SubstEALec RS BUBLORE 10 Sl e b I SR )y 1
f eedi pg,speeds of rﬂpQ,Ut an®OP §, 8 péoer@lerrmezé)c{%dt gcige fective parts

can be detected with high accuracy by averaging brightness

information for 200 pixels of the light receiving elenents

of the camera. .It is also confirmed that the S/N ratio is

higher than that by the inspection method according to the

first embodiment by using the light of the waﬁelenqth af 360

"nm in the inspection.

Here, in the step of applying liquid phosphor to the
grooves of the substrate 320, twenty holes of the nozzle for
applying liquid phosphor were simultaneously stuffed by
impurities contained in liquid phosphor before application,
and defective application of liguid phosphor occurred, and
.th;s was detected by the above iﬁspection method. 1In this
case, it was détermiﬁed that change of the nozzle led to
eérligr restoration of the step fhan cleaning all holes, and
the noizle could be changed. . Further, the step could be
_stabilized.by changing liquid phosphor containing much
impurities with that of another lot. In addition, the
:defective substrate was suﬁjected to the defect repairing
step (I), and reconditioned as a non-defective substrate.

Variance in the substrate feeding speed of about + 50%



':caused by. the eccentricity of a notor shaft of the roller carrying machine
occurred during the inspection for a plurality of sets of |iquid phosphor,
but the inspection could be carried out with high accur &Septiniteo2005

m stakenly detecting normal |iquid phosphor as defects with reference to
the substrate carrying speed information fromthe | aser Doppl er speed
i ndicator. Next, as the third enbodi nent of the present invention, liquid

phosphor was applied in the first manufacturing nethod so that the surface
hei ght of |iquid phosphor is 85% . % the height of the partition walls
constituting the groove. As a result, it was confirmed that the intensity
of the reflected light S incident on the canera fromthe surface of

| i qui d phosphor as an object to be inspected was considerably increased,
‘and tFREMSPN Pat e veecei ighieriton athe mehole shwlt woifatthey ndid émspect i on

met hod of the first enbodinent. Next, as the fourth enbodi nent of the

pr es e ¥ ARR IR 1 R o GtibgtachtBIom @l e rigrmpagtdion ffor RGB | i ke t he

'substrﬁte ,312%$homm in Fig. 4 was manufactured in the first-
manufRALTR HhigY et hRE S 19 i bbsoirheas 4l itde  isseesddiorel y from the

col or_of. Li.quid phosphor to he applied to the wi dest groove, ending by the
col orSH ik i%alg‘rfoescgﬁﬂjrt w’atgblt} B THE Partionestt gredwdendd a resuit, .
int r@ei&@étpﬁ% iz?&n?a]: 1 lliiqqudidd %l}loossppmoor r 6aSSeJ)€;[ f%@esr w21%915 reference
to the substrate carrying speed information from the laser
- Doppler speed indicator. | |
Next, as the third embodiment of the present invention,
liquid phosphor was applied in the first manufacturing
method so that the surface height of liqﬁid rhosphor is 85%
'of-the height of the partition walls constituting the groove.
As a result, it was confirmed that the intensity of the
reflected light S incident on the camera from the surface of
liquid phosphor as an object to be inspected was
considerably increased, and the S/N ratio was higher on the
whole than that by the inspection method of the first
embodimgnt. |
Next, as the fourth embodiment of the present invention,
the substrate of different width for RGB like‘the substrate
- 310 shdwn in Fig. 4 was manufactured in the first
manufacturing method. Liquid phosphor was apﬁlied
'suﬁceSéively from the color of liquid phosphor to be applied
to the widest-grqove, ending by the color of liquid phosphor
applied to the narrowest groove. |

As a result, in the inspection of liquid phosphor



- 94 applied to the narrowest groove, it was confirnmed that the reflected
light Nreflected fromthe w dest groove and incident on the canera was
considerably reduced in quantity, and the S/N ratio was gsgheibepnodhe
whol e than that by the inspection nethod of the first enbodi nent. Next, as
the fifth enbodi mrent of the present invention, the grooves which need not
be inspected in the first manufacturing nethod were covered, and a
chrom um mask designed so that an aperture is opened only for the groove
to be inspected was installed on_thge substrate to be inspected- As a
result, it was confirmed that the réflected light N reflected fromthe
groove whi ch need not be inspected and incident on the canera was
considerably reduced in quantity, and the S/Nratio was higher on the

whol ealf?\]ahe%h‘é? Bye e rowrspleca i onv et Hodvasf achnef ifrinrest t@rbioditrent . Next, as
t he six f enbodi nent of the present invention, the phosphor inspection
ﬁepf?§%ﬁ?%&l%ﬁﬂ&ﬁ%§@#@%éﬂﬁé@%mmkﬁmqﬁ@ﬁ@ﬁthoMythe
phosphor. i nspection ste (1'1),was performed to manufacture the back plate
of the pHEn h%nsﬁbest‘? ThHAhFUHE Yrodiles redudesl damsiuaindtif . shown in
Figs._3,and 7 s _used for the substrate to be . manufactured. The nozzle
app! y?l}]%a%le? hso%l@v@%%%e‘”ﬂaq MYHE T Seg B iterleasiap rdalb &u dhshosphor to

o e A Ghd (ifoa 'R ALSSEGL AR, 11 1O 27 s used Tn the

Next, as the fifth embodiment of the pPresent invention,
the grooves which need not be inspected in the first
manufacturing method were covered, and a chromium mask
designed so that an aperture is opened only for the groove
to be inspected was installed on the substrate to be

_inspected.

As a résult, it was confirmed that the reflected light
N reflected from the groove which need not be inspected and
_ipcident on the camera was considerably reduced in quantity,
andrthe S5/N ratio was higher on the whole than that by the
inspection method of the first embodiment. |

- Next, as the‘six#h embodiment of the present invention,

~ the phbsphor inspecﬁion step (I) was not performed in the
step shown in Fig. 2, but only the phosphor inspection step
V(II),waS performed to manufacture the back plate of the PDP.
The substrate having the grooves of the same width L shown
in Figs. 3 and 7 was used for the substrate to be
ménuchtured. The nozzle applying ﬁethod was used in the
step 251 of applying liquid phosphor to the grooves, and the

inspection device shown in Fig. 27 was used in the phosphor



6 Septenber 2005 - 95 inspection step (Il). Description wll be nade bel ow
in detail on the 1inspection device of, in particular, the fluorescent
| ayer applying state. An excinmer |anp was used for the |d$ptemtpaoce part
2711 of the illum nating neans 2710, and the |ight ejection port 2713 and
the light transm ssion part 2712 were detached. The light receiving
el enents 2042 pixels were arrayed in a one-di nensional manner on the Ilght
receiving part 2721 of the imaging neans 2720, a three-plate type color
CCD line sensor canera capable of gespectively selecting REB |ights and
pi cking up the image was used, and a collective | ens on the market was
used for the |ight converging part 2722. In addition, the angle of
.|nC|dchee0 of t he ingﬁp1 i ght 2701 used in the inspection was set to
be 80 L THE angite nstallatlon 01 of the inmaging neans for capturing

the si 822@%?%% ey R 29T 67 LpPocBerhg bt PBhERBSS i nformation
oLyl Japaa nzr?aoozﬁté?cglla&e- B S B0 Lo
?Fﬁg?%scentrﬁ a%/gﬁcé)g\?z}r&pt e&\eﬁﬁé’[]%:’%rhu ace (Sefit![fﬁ)er, s&ﬁs ég'tﬁol BZDECt the
i nspegdefhe part 2711 of the illuminating means 2710, and the |
- light ejection port 2713 and the light transmission part

2712 were detached. The light receiving elements 2042

pixels were arrayed in a one-dimensional manner on the light

receiving part 2721 of the imaging means 2720, a three-plate

type color CCD line sensor camera éapable of respectively

selecting RGB lights and picking up the image was used, and

~a collective lens on the market was used for the light

cqnverging part 2722.

In addition, the angle of incidence 6 of the incoming

light 2701 used in the inspection was set to be 80°, and the

angle of installation 6'' of the iméging means for capturing |

the light was set to. be 30°. A general ﬁurpose image

processor was used for the signal processing means 2731 for

processing brightness information obtained by the imaging

‘méans,2720. The content of the signél processing and the

substrate moving method aré similar to those in the first

embodiment of the present invention.

In addition, in order to inspéct the fluorescent layer
‘over the entire surface of the substrate to be inspected,

S1x cameras were disposed continucusly in the same direction



si x cameras were disposed continuously in the sane direction 6 Septenber
2005 - 96 as the grooves on the substrate, and inage information
.obtained fromeach canera was processed by each excl usi \&Septdimge 2005
processor. As a result, it was confirmed that the phosphor formng state
can be inspected with high accuracy in the range of the whole anmount of
phosphor wi thout being influenced by the condition of the fluorescent
| ayer application volune in manufacturing the substrate. Here, in the step
of applying liquid phosphor to the, . grooves of the substrate 300, bubbles
contained in liquid phosphor before application were discharged from one
hole of the nozzle for applying liquid phosphor, and the defect of
non-application of about 10 mmin the same direction as that of the
gr oovass geewreaven arhelphospidratand and snage  iddoeoieédoby t he i nspecting
means. Remai ni ng bubbl es were forcibly discharged fromthe nozzle with the
nozzl@%¥3kned Lxen tenchappiicom ors e assegbenteashepscdoglidebe st abil i zed
.wWith a mnimumrestoring work, and the defective substrate was subjected
t o t hE"fEt dtiCFepITi ng step (II) and reconditioned as a non-defective
substrate.. As a matter of course, .in order to control the quality of the
product s ﬁ%%ﬁiH%ﬁﬁ@ﬁ*aé@uﬁﬁéyCoﬂgﬂﬁmﬁﬁetBﬁSSSHSrpho?ﬁ@ﬁéc??ﬁﬁlggep (1) and

the pshtoaﬁpeh can r‘bSé) Crgslpoenctséde tjh )hlgh accuracy in the range of

the whole amount of phosphor without being influenced by the’
condition of the fluorescent layer application volume in
manufacturing the substrate.

Here, in the step of applying liquid phosphor to the
grooves of the substrate 300, bubbles contained in liquid
phosphor before application were discharged from one hole of
the nozzle for applying ligquid phosphor, and the defect of
non-application of about 10 mm in the same direction as that
of the grooves woccurred in the phosphor, and this was
detected by the inspecting means. Remaining bubbles were

| forcibly discharged from the nozzle with the nozzle fitted
to the applicator, the subsequeht steps could be stabilized
‘with a minimum restoring work, and the defective subétrqte
was Sﬁbjected'to the defect repairing step (II) and
reconditioned as a non-defective substrate. |

As a matter of course, in order to-control the quélity
of the productsrwith hiéher accuracy, both the phosphor

~ inspection step (I} and the phosphor iﬁspection step (11}
 may be performed in the manufaCturing methodrof the present

- invention.



may be perforned in the manufacturing nethod of the present invention. 6
Sept enber 2005 97 From the above results, it is confirmed that the present
invention contributes much to the inprovenent of the yi & Skptdinber 2005

manuf acturing the back plate of the PDP. As described above, it is _
denonstrated that, in the manufacture of, in particular, the back plate of
the PDP, the inspection nmethod and the inspection device, and the

manuf acturi ng met hod of the present invention are effective, and these are
al so effective in the nanufacturefg{ products with a pattern fornmed on the

substrate represented by, for exanple, an LCD color filter and a semi
conductor substrate. Industrial Applicability According to the inspection
nmet hod, the manufacturing nethod and the nmanufacturing device of the
present i Bvent tbe, abbret hesmhhef actuisngostépmedi ahspread di spl ay panel -
such as the back plate of the PDP, the yield can be inproved w thout

degr &diefgntthd niesitd onatteontariduties swlodt tat ¢hef ikpghvgmahitt yf &hd hi gh
reliability can be manufactured by inspecting the formng state of a

pl ur &liethd g SIS IGHC PdSEhdher bowkd Hilatet b phed8DBrmi ned grooves with

hi gh accuracy, rapidly repairing troubles of the step when continuous _
def ects ofEurescrépsrr pRgvenei et 8cBrpersipatedt Bhabndinetlondi tioni ng the

defectiv%.s%pstrate i.nto a non-deéefective substrate.
: manufacture of, in particular, the back plate of the PDP,

the inspection method and the inspection deviée, and the
manufacturing method of the present invention are effective,
and these are also effective in the manufacture of products
with a pattern formed on the substrate represented by, for
'example, an LCD color filter and a semi conductor substrate.

- Industrial Applicability

According to the inspection method, the manufacturing

method and the manufacturing device of the present invention,
in the manufacturing step of a spread display panel such_as
the'back plate of the PDP, the yield can be improved without
degrading the yield rate, and the substrate of high quality

" and high reliability.éan be manufactured by inspecting the
forming state of a plurality of sets of phosphor formed in
the predetermined grooves with high accuracy, rapidly
reﬁairing troubles of the step when continuous defects occcur,
répairing the defective substrate, and reconditioning the

defective substrate into a non-defective substrate.



6 Septenber 2005 98 Clainms: 1. A display panel inspection nethod for
inspecting a plurality of fluorescent |ayers applied to a substrate with
predeterm ned intervals, the nethod conprising the steps cfeptéchben 20BRL i N9

the plurality of fluorescent layers by illumnating neans, inmaging the
plurality of fluorescent |ayers w8 magi ng neans, noving a substrate or
the illum nating neans and the imaging neans in a direction across the

plurality of florescent |ayers, nmeasuring bright and dark signals of
fluorescentmkayers, wth a signal processing neans, during the noving step
measuring an application volune for each fluorescent |ayer fromthe
nmeasured signals; and neasuring the relative speed of the substrate to the
i magi ng nmeans by a novi ng speed neasuring neans; wherein the signals

obt ai ned.byat hespTBgi pan&BaNSsPELLiERTNEEHEE BSE NthiPec-FBg§usements from
the novi ng speed neasuring neans, and the application volune for each

fluoresgenkal a¥y9r okSriBasHE 8L PaSLMP8 LHE1 £Q4r €6t 2d:s b 9PRLSe #itit di splay
panel inspection method according to Claim1, wherein a roller is used in

the aboye-HABYEIRDLed6iPEREEADE! 2005 ethod comprising the steps of:

illuminating the plurality of fluorescent layers by
illuminating means, imaging the plurality of fluorescent
layers with imaging means,

moving a substrate or the illuminating means and the
imaging

means iﬁ a direction across the plurality of florescent
layers,

measuring bright and dark signais of fluorescent layers,
with a signal processing means, during the moving step

measuring an application volume for each fluorescent
layer from the measured.signals; and

measuring the relative speed of the substrate to the
imaging means by a moving speed measuring means;

wherein the signals obtained by the imaging means are

- corrected using the measurements from the moving speed

measuring means, and the application volume for each

fluorescent layer is measured based on the corrected signals.

2. A display panel inspection method according to Claim 1,

wherein a roller is used in the above movement.



- 99 3. A display panel inspection nethod according to Claiml, wherein
the illumnating neans irradiates ultraviolet rays of the wavel ength of
260 nm or under on fluorescent layers, and the fl uoresce&gpidpitet DgENeEs| s
fromthe fluorescent |ayers is captured by the imagi ng neans. 4. A display
panel inspection nethod according to%d a m1, wherein the noving speed
nmeasuri ng nmeans cal cul ates the speed fromthe interval of the fluorescent

| ayers obtained by the imaging neans. 5. A display panel inspecti-on nethod
according to Caim1, wherein fluorescent |layers are liquid. 6. A display
panel inspection nethod according to Claim1l, wherein the inmaging neans

mai nly gapt Uﬁeﬁiéﬁﬁaki ghhetet heptedi cAtm@ adsicnti@lhy sareLangle as the
angl e of incidence o the incomng light out of the Iight irradiated from

the ilLue-Bahi BgcRANEMORat PRGThUSRESERPL ] QYL Syt eElSct 8l s thereby. 6
Sept enber 2005 - 100 7. A display panel inspection nethod according to

G ai m 1cneWherehonkhe BH% bnag! 89 i Oase Puot Oleft TTAPLAG mans  Tor

di ffusing the ejection ay panel Tinspecti

accorqiEﬂet9&&%?&gbénceﬁ?ﬁ&@&ﬁeﬁggigl%?&%n@ﬁ.n %€§€Q§%%E?i%ﬁ#é%§n%f

pol arizing “direction sefecting neans for Selec

captured by the imaging means.

4. A display panel inspection method according to Claim 1,
wherein the moving speed measuring means calculates the speed
from the interval of the fluorescent layers cobtained by the

imaging means.

5. A display panel inspection method according to Claim 1,

wherein fluorescent layers are liguid.

6. A display panel inspection method according to Claim 1,
wherein the imaging means mainly captures the light reflected
at a substantially same angle as the angle of incidence of
the incoming light out of the light irradiated from the
illuminating means on the fluorescent layers and reflected

thereby.



desired polarized light direction anong ejection light. 9. A display panel

i nspection nethod according to Claiml, wherein the shape of an ejection
port of the illum nating neans for ejecting the |ight ofe $dpeerhbdranomat i ng
nmeans is slit-shaped. 10. A display panel inspection nmethod according to
Caim9, wherein the wdth of the-skbd s 0.3 mmor over and 10 nm or
under, and the length of the slit is 10 nmor over and 1000 nm or under. 6
Sept enber 2005 - 101 11. A display panel inspection nethod according to
Caim1l, wherein the inmaging neans has a plurality of |ight receiving

el ements. 12. A display panel inspection nethod according to Claim11,

wher ei n7t he nmqns@qagfegaﬁeflu&hagécb%nt ﬁ@thbehgc&sggmgngo elgmpnis arrayed
in a one-dinmensi onal manner. 13. di spl ay panel inspecCtion nethod

accor di maekglg @h@ 1}auntBigiehy ﬁeghgnagspgoﬁcﬁaﬁtnalﬁ'fe9§n§%a§é gnal s of a
plurality of light receiving élements of the imaging neans and aver ages

them obtai s &S89 akhgeggetggo agh H?osphor fromthe averaged signal
wavef orm obtains t e sign pea wavetorm for each phosphor by |i nking

‘the signal peaks, and neasures the application volume of each fluorescent

| ayer fromthe signal peak waveform 14. A display panel inspection nethod

accordlgg tOACEEEEhéy panel inspection method according to Claim 1,

wherein the illuminating means has a light polarizing
direction selecting means for selecting the light of a

desired polarized light direction among ejection light.

9. A display panel inspection method according to Claim 1,
wherein the shape of an ejection port of the illuminating
means for ejecting the light of the illuminating means is

slit-shaped.

10. A display panel inspection method according to Claim 9,
wherein the width of the slit is 0.3 mm or over and 10 mm or
under, and the length of the slit is 10 mm or over and 1000

mm or under.



wherein the imagi ng nmeans has a light polarizing direction selecting neans
for selecting the light of a desired polarized light direction fromthe
reflected light. 6 Septenber 2005 - 102 15. A display pasdptdritspeods on

met hod according to Caiml, wherein the illumnating nmeans irradiates
ultraviolet rays of the wavel ength 01360 rimor under, and the inaging
means mainly captures ultraviolet rays of the wavel ength of 360 nm or :
under. 16. A display panel inspection nethod according to Claiml, wherein
inequalities 1 are satisfied, where Ris the resolution of the imging
means, and La is the width of the grooves which are forned of partition

wal I's with phogpbglayapphtedi hBEE et fon 3fehodOacEoldind € s@laym panel
i nspection nmethod according to Claim1, wherein the signal processing

means caheubahesnbhemh§t 8EShi¥nsOhathg pﬂﬁpgﬂtgnoklgmht neldepyion a
substrate fromthe illum nhati ng neans based on the signals obtained by the
i magi Nge MegAgsand corrects the illum nating means so that the intensity
of the inspection light in the inspection of a next substrate becones the
preset target value with reference to the obtained intensity of the

i nspection light. 6 Septenber 2005

12. A display panel inspection method accerding to Claim 11,
wherein the imaging means further has the light receiving

elements arrayed in a one-dimensional manner.

13. A display panel inspection method according to Claim 11,
wherein a signal processing means adds signals of a plurality
of light receiving elements of the imaging means and averages
them, obtains a signal peak for each phosphor from the
averaged signal waveform, obtains the signal peak waveform
for each phosphor by linking the signal peaks, and measures’
the application volume of each fluorescent lajer from the

signal peak waveform.

14. A display panel inspection method according to Claim 1,
wherein the imaging means has a light polarizing direction
selecting means for selecting the light of a desired

polarized light direction from the reflected light.



- 103 18. A display panel .inspection nethod according to Claim6, wherein
a mask having an aperture only in a part with phosphor to be inspected
present therein is installed on an inspection surface of6 Scptditsk pade. 19.
A di spl ay panel manufacturing nethod, including a display panel inspection
met hod according to claiml, wher e-n10an- i nspecting neans for inspecting
the application volune of fluorescent |ayers applied between an appl yi ng
step and a drying step is provided in the display panel manufacturing

met hod conprising the applying step of applying phosphor on the substrate
and the drying-step of drying phosphor. 20. A display panel nmanufacturing

”EthOd_QgcorﬂiBgsﬁ9a§1§hﬁb119nsﬁﬂéﬁﬁbﬁ ﬁ@th@&ﬂﬂgcbféﬂﬂﬁ|té'@§a§ﬁ91
satisfied, where the height of the partition walls form ng the

groove, waBdekh ths ET?uﬁHﬁB@Eﬁghﬁbgﬂk 9%r9@9§9@9rulQr§v1ot@éFE§ 0.9¢6
Sept enber 2005 - 104 21. A display panel manufacturing nethod accordlng to

Gaim %ﬁgtﬁ@%&?gﬂgéhpbﬁr§tbt¥m08 9LAQLES Qﬁ&etﬂ%y£§$§£n§mﬂe5h9ds of

groove W phosphor s applied sutcessive groove of the

W dest I
menut acr ot ot FerEoeC EhUERETRREE BKA of "hRotpner a3t Ee"RES h
plurality Bgdgggoves havi ng the sanme groove w dth.

16. A display panel inspection method according to Claim 1,
wherein inequalities 1 are satisfied, where R is the
resolution of the imaging means, and L, is the width of the
grooves which are formed of partition walls with phosphor

applied thereto.

3= £'—SIO
R

17. A display panel inspection method according to Claim 1,
wherein the signal processing means calculates the intensiﬁy
of the inspection light incident on a substrate from the
illuminating means based on the signals obtained by the
imaging means, and corrects the illuminating means so that
the intensity of the inspection light in the inspection of a
next substrate becomes the preset target value with reference

to the obtained intensity of the inspection light.



22. A display panel manufacturing nmethod according to Caim 19, wherein an
i nspecting neans. for inspecting the application volunme of the fluorescent
| ayer is the inspection method according to Gaiml, and $&sared200s part
in which the fluorescent |layer emts the.light at |east a substrate is
built in by a panel. 23. A display-pafel-manufacturing nmethod according to
Claim 19, wherein a fluorescent |ayer repairing neans is provided, and
the fluorescent layer is repaired based on the result of the inspection of
the inspecti ngdaepnsy paSept eAbeecOn -mdOfod 24ccérdisgl 8y ©BASh o,

manuf acturing nethod according to Caim 19, mhereln an inspecting means
for insprekknd EhRasRPRhVEALT R ¥ C?éﬂﬂﬁr@foﬁ fhug §§§n&1£@yer is the

i nspection nethod according to aim1, and when efects occur the

appl yi nghstgRoar €o SB@pﬁ?ﬁgpéegeHr gy@gsﬁt ' &éb@lﬁppé YiRGe 81804 & eaf epaired.
25. A display panel manufacturing nmethod according to Caim 19, wherein an

I nspect i fg gggggnfgﬁrfgégegglQgsﬁggtrgpgl|cat|on vol ume of the fluorescent
| ayer is tﬁe inspection nethod according to Claim1l, the applying step is

a nozzle applying nethod, and a nozzle is changed when defects occur. 26.
A di splay panel manufacturing nethod according to daim 19, wherein an

| nspecti By Meags.h oL, | BSRETt k0g. HIE . AORLT £ELAQE, VOLUIE P gt he 1 uor escent

| ayer is fhe inspec

display panel inspection method according to claim 1, wherein
an inspecting means for inspecting the application volume of
flgorescent layers applied between an applying step and a
drying step is provided in the display panel manufacturing
method comprising the applying step.of_applying prhosphor on

the substrate and the drying step of drying phosphor.

20. A display panel manufacturing method according to Claim
19, wherein following inequalities are satisfied, where H is
the height of the partition walls forming the groove, and Hg

is the surface height of phosphor.

0.6 < Hp/H < 0.9



met hod according to G aim1, and when defects occur the clogged nozzle is
identified, and clogged thing of the nozzle 1is renoved by the vibration. 6
Sept ember 2005 - 106 27. A display panel manufacturing degiféembgn2005
inspecting a pattern forned on the substrate conprising a l'ight
irradiating means for irradiating théChight on the pattern, an inaging
nmeans for receiving the light fromthe pattern and outputting imge :
signals, a noving neans for relatively noving the substrate to the inaging
means, a noving speed neasuring neans for measuring the substrate to the

i mgi ng neans, and a signal processing neans for correcting the inmage

si gnal s 2hy t hedobbanpedanehahh¥erapeadi Ag0mEOABAr LB8or8OhG eet ed1 ARge
signals with a predeterm ned reference value, and determ ning

accept ance/ L8keethon gfiuk-heiRgt Lergrhased pAvethe differepsekeghgc gence
fromwith the reference value. 6 Septenber 2005 - 107 28. A display panel

manuf aciubbig meLRAd, ahACLHALRELR iQi§§%§¥eHaQSEcEQ$g§8?%OﬁrgﬁF@HQ

according to claim i, whefein  an inspecting steps specting the

appl i cal 0B 0Ly a5 LLGYT drphospROL. betugen, anapplyiag stepsang a
dad, raRy

drying step is provi inthe display pane nutacturing net ho
CO”pr'S%ﬂ%.hﬁg §8§|¥éﬂglsﬁ§8u% c@HP#Mhnﬂeﬁﬁgﬁu&fkhtghgfsgﬁéskigé Lgauid
phosphor wi t Bre eterm ned Intervals?on the

phosphor applied to the plurality of grooves having the same

groove width.

22. A display panel manufacturing method according tc Claim
19, wherein an inspecting means for inspecting the
application volume of the fluorescent layer is the inspectiocn
method according to Claim 1, and inspects a part in which the
fluorescent layer emits the light at least a substrate is

built in by a panel.

23. A display panel manufacturing method according to Claim
19, wherein a fluorescent layer repairing means is provided,
and the fluorescent layer 1s repaired based on the result of

the inspection of the inspecting means.



substrate and the drying step of drying |liquid phosphor to form
fluorescent |ayers. ABSTRACT An object of the present invention is to
provide a display panel inspection nethod, a display pang SdppaRegtoon
device, and a display panel manufacturing nmethod capable of determ ning
the optinmum optical conditions for—-ih8pecting a surface shape fromthe
‘structural characteristic of an object to be inspected, reflecting the
determ ned conditions on the inspection device to carry out the inspection
with high accuracy, i-nproving the yield without degrading the .yield
rate, and manufacturing a substrate of high quality and high reliability.
The di sphay panekplAgPeehk@NmaRLNedtBasngdMméthsdl 83t PG ndBBHSG 1 & | Magi ng
means, and a signal processing neans, and is characterized in that bright

and dar kosi ghaks iaf alhl YaEpscehgl AYERS Abe TRasEEEhyhihe novVing a

substrate or the illum nating nmeans and the imaging”  neans in the

directi gppagrasschheoRlEabit ynof fih?géggﬁget %‘%%%fffs appl | ﬁ%pé@%%c%}?

substrate with predeterm ned interva I cation vol une

f1uoresgerhohayebokSi AESHr 8821 h! P LAG QRLAI EFSLINGLSur the

each

applying step are stopped and troubles in the applying step

are repaired.

25. A display panel manufacturing method according to Claim
19, wherein an inspecting means for inspecting the
application volume of the fluorescent layer is the inspection
method according to Claim 1, the applying step is a nozzle

applyving method, and a nozzle is changed when defects occur.

26. A display panel manufacturing method according to Claim
192, wherein an inspecting means for inspecting the
application volume of the fluorescent layer is the inspection
method according to Claim 1, and when defects occur the
clogged nozzle is identified, and clogged thing of the nozzle

is removed by the vibration.
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27. A display panel manufacturing device for inspecting a
pattern formed on the substrate comprising a light
irradiating means for irradiating the light on the pattern,
an imaging means for receiving the light from the pattern and
outputting image signals, a moving means for relatively
moving the substrate to the imaging means, a moving speed
measuring means for measuring the substrate to the imaging
means, and a signal processing means for correcting the image
signals by the obtained relative speed and comparing
corrected image signals with a predetermined reference value,
and determining acceptance/rejection of the pattern based on

the difference/coincidence from/with the reference wvalue.
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28. A display panel manufacturing method, including a
display panel inspection method according to c¢laim 1, wherein
an inspecting steps for inspecting the application volume of
liguid phosphor between an applying step and a drying step is
provided, in the display panel manufacturing method
comprising the applying step of applying a plurality of sets
of liquid phosphor with predetermined intervals on the
substrate and the drying step of drying liquid phosphor to

form fluorescent layers.
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BABSTRACT

An object of the present invention is to provide a
display panel inspection methqd, a display panel inspection
device, and a display panel manufacturing method capable of
determining the optimum optical conditiors for inspecting a
surface shape from the structuralAcharacteristic of an
object to be inspected, reflecting the determined conditions
_on the inspection device to carry out the inspection with
high accuracy, improving the vyield wirhout degrading the
yield rate( and manufacturing-a substrate of high quality
and high reliability.

| The display panel inspection method has an illuminating
neans, anrimaging means, and a signal processing means, and
is eharacteri;ed in that bright and dark signals of
fluorescent layers.are measured while moving a substrate or
the illuminating means and the imaging means in the
diredtion across the plurality of fluorescent layers applied
to rhe sﬁbstrate with predetermined intervals, and
application volume for each fluorescent_layer is measured

from the obtained signals.



