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 di splay 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 Pgﬁﬁﬁégﬁﬁﬁﬁ%g step of the flat display panel
to recog?%hb g ? dﬁ ei ive ane non-_ defective one. In particular, in
order t % ct Atk Bﬁ?ﬁg FPHnMEEEQPbA§PIQE¥QQ@Ipﬁ®§bﬁ6§Pé@§iled to a
back plate of the PDP, e osed in, for exanple, Japanese
6 Septenber 2005 - PAﬁéL ﬁﬁﬁﬁgkéfﬁﬁkﬁ%— THOD .

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. Wen carrying out the above inspection using the light, wvarious
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
accordin t he structural characteristic of the object has not been
dermo &P gﬁ?g’leand Lo Shiemd esdewrl agy + et%?éf%:lﬁﬁ%e 6 tthe pattern for
fornln% t he surface js chang by the change i a manufacturing condition
of | ¢ HESoH RN R e Gt Sy oy Rpaddions endiianl y der adec

or the nspectl bec S |np055|bl the str ctur charac eristicis
di f f &Peft alédr %ﬂ% %W S& ﬁ%& evén with the

B;gg;{g%@ée%g tgﬂ;%lyz hK.' gggpﬁa&l%bd %%t Qr:fef NG Y &S 't%%er“ '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



met hod for solving the di sadvantages of the above conventional technol ogy,
determ ning the optinumoptical condition for the inspection of the
surface shape by the structural characteristic of the olj 8gitehber2005

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 predeterm ned intervals,
t he net Herl QoReti 50 e tierseepd, ofefleckingn Hat dageThengs gealiticmnfin
fluorescent |layers by illumnatin means,.imaging the plyrality of

f1 uor TR PRYE? 8" WITH S8 P neti T e anis . HBVTAGCR SUBL PR A e T

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
inagingbngﬁ%%ugg afqpvin%%Sﬁeed measuri ng nmeans; wherein the signals

obt ai ned™ By PRE™i Fagi Mg eShls are corrected using the measurenents from
the noving speed-Jpasyridg SRange Awhd Re2PPL} GAl 110Bp¥e LU method,

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



for each fluorescent |layer is nmeasured based on the corrected signals.
Preferably, in the display panel inspection nethod of 6 Septenber 2005 - 4
the present invention, a roller may be used in the above g SBuaiRALO0S
Preferably, in the display panel inspection nethod of the present
invention, the illunminating neans irTatliates ultraviolet rays of the
wavel ength of 260 nm or under on fluorescent |ayers, and the fluorescence
phot ogeniesi srésam t heverit Lon estend] 1wy anisy itse captdirad tiye tdieoveragi ng neans.
Preferably, in the display panel inspection nethod of the present
i nvent i Reivehdet NOVi ng speed neasuring neans cal cul ates the speed fromthe
interval of the fluorescent |ayers obtained by the imging neans.
Preferably, i i spl el ] i sent
i nvention, f?ﬁ%ﬁ%ﬁ%]gin Pl%egzélaéleé??%ﬁi%d%&% ﬁ%ﬁ%ﬁoé Eﬁ%%}g&gifﬁplta%/e panel
i nspect | hod of. t he [ese invention, the i Lhg nmeans mainly
cap?ure}é?%%%ﬂibh‘fen%?%h i?%er% #%H&%%tlarfg am%%rbsst:é%ﬁg% yessame angle 6
Septenber 2005 - 5 as th ngl e of i ncidence the incomng light out of
t he Ii‘g‘,;iﬁr‘w]r%h?%t%y? r%ﬁ%ﬁ TRY AL r%gn%§$1§16no¥h%n°ﬁ?ﬁo?%scent
| ayers and refl ected thereby.

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




Preferably, in the display panel inspection nethod of the present

invention, the illum nating neans has a |light diffusing neans for
diffusing the ejection light. Preferably, in the display ¢gsgpadmbergpesti on
met hod of the present invention, the illum nating neans has a |ight

pol ari zing direction selecting means-fér-selecting the light=of a desired
polarized light direction anong ejection light. Preferably, in the display
panel i aspe&ti angnet bed iekitkacepbe€sent iAveRthgnlighe shaperofhan ej ection

port of the illumnating nmeans for ejecting the light is slit-shaped.
PVEferaﬁhﬁht'1r&@@1@%§@'%¥oﬁﬁ@ﬁ% h@§8ﬁ9hh€9naeﬁgﬁﬁsogntEEe Pi8SEBEcent
invention, the width of the slit is 0.3 nmor over and 10 nm or under, and

the len I| 0 over and 1000 mm or under. Preferably,
in the g%? ?gygggnglfﬁﬁ§§§§th%E%%¥hod of the present invention, the

i magi ng nmean g Iurallﬁ% rec |V|ng Lenents Prefﬁ gﬁly, in
t he di spl ay %&ﬁ FrAR ﬁécﬂPo ﬁegﬁﬁﬁ BV PRBC-prBsBAf Fﬂgeﬂ?FBﬁ the*i'fragi ng
means further has the light_ receiving elenents arrayed_ in

one- di MBASEERE RERAELCNPr &her ABLYminAting @?§ﬁﬁa§}aﬁaﬁeﬂ19h§p€éf-ﬁ6ﬁlﬁ§t hod
of 6 Septenber 2005 - 6 the present invention, a signal processing neans
adds th@eaQBgﬁaksd@ffaSpharahEtyjeﬁtﬂbghﬂigbteiving el enents of the

i mgi ng nmeans and averages them obtains a signal peak for each

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



phosphor fromthe averaged signal waveform obtains the signal peak
wavef orm for each phosphor by Iinking the signal peaks,  and neasures the
application volune of each fluorescent |ayer fromthe sicgeptenteako0s
waveform Preferably, in the display panel inspection nmethod of the
present invention, the inmagi ng means—héas-a light polarizing direction
sel ecting neans for selecting the [ight of a desired polarized |ight
directi enef peasthe ratbaeied, | &gbi gn&r eppoabtyind méies dhs@s aynpanel

i nspection nmethod of the present |nvent|on the illum nating neans
irradi akegnaykt 5§V50b§5r5§¥§y0$ftPEgM@VEJeSQ%Ithef’@rQeM of¢upder, and the
i magi ng means mainly captures ultraviolet rays of wavel ength of 360 nm

or _undet Ergherabhy, b0 Lhe displ axcRansh, LNgpegt Lon 1Pthod of ot hs, o
PErdust & w’%?ﬂgﬁ

pr esent 'R ion, ‘inequall are Ssatisfied, the “reésolution

of the i n . he, h of the gr ooves ich are formed
of partpgagﬁ%mfgow RS MR R M RS %k&tilram% &2l enper
2005 - 7 Preferably, in the displ panel inspection nethod of the

pr esent PRA¥eHBEVBROTIthECE] gaah Eh@%@ggrnbyn%aﬂgl%@lE@?aﬁé@n%hepe@h¥en3|ty of
the inspection light incident on a substrate from the illum nating neans
based oantlhmessgnakstbbt appédchyichevolume of 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




of the inspection light in the inspection of a next substrate becones the
preset target value with reference to the obtained intemsssdpyenstfer 2DGS

i nspection light. 6 Septenber 2005 - 8 A mask having an aperture only in a
part with phosphor to be inspected présent therein may be installed on an
i nspection surface of a substrate. According to another aspect, there is

provided a dpgplrayappaneknmepdf actyl b popaet hodhsphdet tgh nge eh sl SPF ayhanel
i nspection nethod as above, wherein an i nspecting means for inspecting the

appl i cat. [ ¢ - o) c i | Aai ste
o L aPrPRcKE SRt bhUOLASCE bnd BYEESCBOPL A the it "ERML R A0P D9 o) °P
manuf act ur.ing.net hod, . coppri Si t he, lyin step of applyin osphor on
the subSPESEELENAOT NE G yIRRCSEBR" bF IBhotPREISTPret of Abrgs TTH T ne Qi spl ay
panel nagufai%urlng met hod of the present ipvention, the fall ow ng

i nequal FtFed 6B BALIRY| REPRE, PARBHOM FREt REIPRI HMPALRHE Parth®ion walls

formng the groove, and H is the surface height of phosphor. 0.6 < Hg/H <

0.9 6 Sépe@ibermeeDs, -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.



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 $@tehistestos
interval between the partition walls in the display panel manufacturing
method with the same kind of phosphor8applied to the plurality of grooves
havi ng the sanme groove width. Preferably, in the display panel
manuf acturi ng method of the present invention, an inspecting neans for
i nspecting the application volune of the fluorescent |layer is the
i nspection mehhed ag¢ehgi BE hpebkak® dn1@nthi ASPEEt SwatRapholPhdhich the
fluorescent |layer emts the light at | east when a substrate is built in by
a panel ,cPrakgEabLY, pi-Bsbhe dhapLay pﬁﬁg' b@fHé@&iE?&“@n”&ﬁhJ‘?ﬂs o SEPSEDer
2005 - 11 of "the present invention, a fluorescent [ayer repairing neans -
IS provggggacgng thesabgggg% ent layer is repaired based on the result of
the i nspectron OF fhé Irnspecting neans. Preferably, in the display panel
nanufacturin% met hod of the present invention, an inspecting neans for
i nspecting tfEC°Y bPECEPi6H°§8PEH@SBFCFhet??ﬁ%ré%c%ﬁ?v%%?%raisd%$EQaY
i nspection _nethod according to Claim1, and when defects occur the
appl yi ng28eéprarefacbppéagandthpdubleslpfintea appsniayg Beeplare repaired.
Preferably, in the display panel nmanufacturing nmethod of

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



t he present invention, an inspecting nmeans for inspecting the application
vol une of the fluorescent layer is the inspection nethod according to
Caiml, the applying step is a nozzle applying method, ESwhtemiepzede is
changed when defects occur. Preferably, in the display panel manufacturing
met hod of the present invention, an~i®specting neans for inspecting the
application volune of the fluorescent |ayer is the inspection nethod
accor di tiget @i &baaym panéhemappk ¥yt bgr sh@présShad nozaheri appd yilng ams haihg and
when defects occur the clogged nozzle is identified, and clogged thing of
the nozztepi 611 &pPYLInYphbepNbPr 3hi BRe shiBsBL50E danger Mé t firpi Adi b @spect
of the invention, there is provided a display panel manufacturing for
inspectbggpgO ﬁgﬁ£grn formed on the substrate, 6 Septenber 2005 - 12
conprising a f ght irradiating neans for irradiating the light on the

pattern, an Lnmgin ans_f receiving the light _from.the ttern_and
Sutput {1 ng | RGeS STERAI 01" al HBVIGP [BRNRTTGH 7Y S FORF { AguF e Hes
substrate to the inpgi ng peans, a noving, speed nmeasuring neans for
neasuriFBetREQE%%Et%%Y%antheth?nﬁ@%%@wh%ﬁn%?eﬁﬁﬂlété?@nélaﬁﬁocessing
means for correcting the inmage signals by the obtained relative speed and
conpari datipbledorveredt fagehsi gaaykt wi hthe ppedet bi ¢ nedll +of &pEheg

val ue, and determ ning acceptance/ rejection of the pattern based on the
di f f er enbe/ goooce demcd Ay aind iiteh suhef aef dresinge: &l yshosphor.

0.6 < Hy/H < 0.9



According to yet another aspect, there is provided a display panel

manuf acturing nmethod, including a display panel inspection nethod of the
first aspect, wherein an inspecting step for inspectingsgtdipteatRl 2o i on
vol une of |iquid phosphor between an applying step and a drying step is
provided in the display panel nanufa&ﬁﬁring met hod, conprising the
applying step of applying a plurality of sets of |iquid phosphor with

pr edet er m ne@riefeeadlys an the diubpleagt paand theudeyingisyepedhoddoyi ng
l'i quid phosphor to formfluorescent |ayers. Brief Description of the

Drawi ngshki grebent anseh€ABhi, CaChH0E8aseeyi aRarvboWst Rasknpty18hew tibe
configuration of a back plate of a PDP. Fig. 2 is a flowhart show ng an

exanpl e19h4an ¢ JeBLEEPREa2A05and1BhoEblor315SaBpi¢RAMBLEEELE yal Lati on of

a substrate having. grooves. Fig. 41s a schenaFlc_lIIustratlon_of a

substrate haying ng%éeégolh%hr?ﬁeg ”QEESEVQiOBéﬁw%%QtPh Fbgrt§t&8na

schemati ¢ I'l I'Ust Pati-on of a suBstrate avi Nng grooves W EhPET
schematic,illustrati uid

Fig 6 is n of Li .phosphor . a i to a
Eubst a8 hsnihe Brodyse 18y Paaeananpractu ehaoaRron APBhL Ehen Rl ness

si gnal waveform obtai ned by an inspection nethod of the present invention.

Fig. 7 #kdrgd séhehasrbor| PeBLigdi bA 6heaPfrgalésyenf 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

ansverse ribs.




obt ai ned by an inspection direction of the present invention. Fig. 8 is a
schematic illustration indicating the relationship betwgegptdithepdodrce

shape (application volune) of liquid phosphor and the intensity of the
reflected light. Fig. 9 is a schemati ¢lilHustration 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 3
when the application volune thereof is V1. Fig. 11 is a schematic

I11ustragi pReOhrLhensULfach: 1 Share AlLsF-aPRLE CRLLOP Al auid phoasphor
when the application volune thereof 1s V2. 6 Septenber 2005 = 14 -Fig. 12

is a sc@ggg%ggiaéa'ﬂgﬁgﬁﬁte{ﬁg Plubbessurfare,  shape 2 gffe@ggigg%rgg‘u?é

liquid p r applrication vo ere S isS a
schematic il]ustration indicating_ the effect by the lifting the diffusion
ratio oFe?Hltiﬂ pgh?ibﬂSp??Bh?? %¥g€h?4l?§p%9§%%%ﬁ%??%siIIustration

indicating the effect by the lifting an aperture ratio of an imaging
means. Fi g. PIsfesahlEchepatie #17n58Y apronl i haneht¢rgringunatpedsphor
-applied to a substrate having grooves so that the

' 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,



surface shape is recessed, and the brightness signal waveform obtained by
the inspection nethod of the present invention. Fig. 16 is a schematic
ilTustration indicating liquid phosphor applied to a subgsicp@hben2yisng
grooves of three kinds of groove width so that the surface shape is
recessed, and the brightness signal™ Wed/ef orm obtai ned by the inspection
nmet hod of the present invention. Fig. 17 is a schematic illustration

i ndi cati ngnbheésistjabel dfht hérrefiiecied heghs fefl| ectadiaviag amgul sght
aperture froma groove bottom surface at the angle of light

inciden@@/tﬁélpgtk@@n8'athﬁagiB?ieean§CB@ﬁaié@ei+iM@ttnéipﬂgm@dfﬁ@ﬁing t he
state of the reflected light reflected in an angular aperture fromthe

surfacegt bhq%EQnPQHéPBQEpé£tRHS_éﬂQ&Q Qigﬁaf@PF§WR§§1§$Q§eané5fo£ith
incidence/reflection O'. Fig. 197is a schematic illustration indicating the

curt ace SR hETgY OB E Ba: Pk SEPEREREE P, BRe T Bho PR IR "

Fig. 20 is schematic illustration indicati the state of the reflected
St T et B P R AR aBBNar FobBEr BNE R ORI EhEuSTT TEs b Fifui d phasphor

at the angle of . . i
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



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

for blocking the reflected Iight from grooves which need not be

inspected. Fig. 22 is a schematic illustration of |iquidgppepner2003pplied
to a substrate having grooves with transverse ribs, and brightness signal
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 |ight.
Fig. 25 is a schematic illustration indicating the principle of the

i nspection of a fluorescent |ayer by fluorescent photogenesis. 6 Septenber
2005 - 16F1€i g3 de fsSaheenbhdt idlppluatiani of #nditbatragethe rel ationship
bet ween .t he amount of phosphor applied to grooves and the intensity of
fIugﬁ§§&8ﬂ19§98ﬁﬁﬁenesis. Fig. 27 is a schematic illustration of an

inspectioE. deyi ce for real'zing ﬁhe i nspectign nethod of the present
invention.lgFié.l§83i§C%e?? WEhAH UEREM MG afl eRafiPPELBRLBOr rect i on

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 illustratdprnitRebeeding a
step of correcting defects in the fluorescent layer in a rmanufacturing

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 |
| ayer 105: green fluorescent Iaye{ 106: blue fluorescent |ayer 6 |
Sept enber 2005 - 17 107: display electrode 108: dielectric layer 109:
protective layer 110: plasma 111: transverse rib 115: groove of groove |
width L forned by partition walls ,

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



116: groove of groove width LI fornmed by partition walls 117: groove of

groove width L2 fornmed by partition walls 118: groove of groove width L3
fornmed by partition walls 119: groove of groove width L gfQmmthedoos
partition walls and transverse ribs 120: cell 210: step of cleaning and
drying a glass substrate 220: step of formng a straight pattern el ectrode
230: step of formng a dielectric film240: step of formng partition walls
250: step of forming a fluorescent |ayer between partition walls 251: step
of applying |iquid phosphor betweepspartition walls 252: phosphor

i nspection step (1) 253: liquid phosphor drying step 6 Septenber 2005 - 18
254:. phosphor inspection step (Il1) 260: step 260 of repairing defect

porti.on of phosphor  261: defect repairing step (I) 622 defect repairing
tep'k%Q§ é%ﬁﬂ%ﬁ? IEHAAMEG 'gr ooves _

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.



310: "substrate having grooves of three kinds of groove w dth 320:
substrate having grooves with transverse ribs 330: substrate having defect
in liquid phosphor 331: substrate having defect in fluokespamniberayey 600,
602, 1500, 1502, 1600, 1602, 2100, 2102: liquid phosphor normall'y applied
to each groove 601, 1501, 1601, 2101: |iquid phosphor having portion not
applied to grooves 603, 1503, 1603, 2103: liquid phosphor which shoul d

have been applied to grooves, but not applied thereto 610, 612, 1510, 1512,
1610, 1612, 2110, 2112: reflected i ght brightness peak fromthe-surface
~of liquid phosphor 611, 1511, 1611, 2111: reflected |ight brightness peak
fromthe surface of |iquid phosphor having portion not applied to grooves
613, 1513, 1613, 2113: reflected Iight brightness peak from non-applied

i qui d ph&d$ghoR 6626, a720hefb20¢c 1620s5t2420onbindhtatssygsihnal wavef orm

630, 632: extracted value of reflected |light brightness 6 Septenber 2005 -
19 pedie ficmbitie binegre thie lainguind pHoshleeprhesdl appltiedctted val ue of
reflected |ight brightness peak fromthe surface of |iquid phosphor having
por t i BiPa¥sEs QHﬂﬂﬁhédlpﬁe@ﬁé§WE§f fluorescent photogenesis.

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: PDP

11: back plate of PDP

12: front plate of PDP

100: glass substrate

101: address electrode

| 102: dielectric laYer

103: partition wali

164:'red,fluorescent lavyer

iOS: green fluorescént layer

106: blue fluorescent layer




| i qui d phosphor

640, 740: brightness peak waveform 650, 750, 1630, 1631:

t hreshol d 660: graph showi ng brightness change at the pogigehRihef 20dshe
dotted line s 670: graph showi ng brightness peak extracted from
bright ness change at the position of the dotted line s 700, 702:

fluorescent |ayer

formed in the

20 730, 732
‘0

photogene%P
of quorefﬁgnt

110:

111:

115:

116:
walls

117:
walls

118:
lwalls

119:

anount | ess than

i1t ELeh

protective layer

plasma

transverse rib

groove of

groove of
groove of
groove of

groove of

and transverse ribs

120:
210:
220:
230:
240:
250:
partition
251:

walls

252: phosphor inspection step (I}

2531

cell

groove

groove

groove

groove

groove

normally fornmed in each groove 701. fluorescent |ayer

t he standard value 703:. fluorescent |ayer
whi ch shoul d have been forned in igrooves, but not forned 710, 712:

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

bri ght ness peak of fluorescent photogenesis of fluorescent |ayer formed in
t he anouni %9s§.thgn th standard val ue 713: brightness peak of

f 1 uorescenf ’ phot BGEREsFSEGFEOHBN- f or med fl uorescent |ayer 6 Septenber 2005

width

width

width

width

width

val ue of brightness peak of fluorescent
tYFhyer 731: extracted val ue of brightness peak

L formed by partition walls

L1 formed by partition
L2 formed by partition
1.3 formed by partition

L formed of partition walls

step of cleaning and drying a glass substrate

step of forming a straight pattern électrode

step of forming a dielectric film

step of forming partition‘walls

step of forming a fluorescent layer between

walls

step of applying liquid phosphor between partition

liquid phosphor drying step



phot ogenesi s of fluorescent |ayer formed in the anount less than the
standard value 733: extracted value of brightness peak of fluorescent
phot ogenesi s of non-formed fluorescent |ayer 760: graph %ﬁ&b&ﬁﬂkﬁg@05
bri ght ness change at the position of the dotted line t 770: graph
i ndi cating brightness peak extracted from brightness change at the
position of the dotted Iine 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;_%§gtjon of |iquid phosphor of concave -
~surface 1001: part capable of reflecting the reflected light wthin
angul ar aperture of |iquid phosphor of concave surface 1100: section of
l'iquid phosphor of flat surface 1101: part capable of reflecting the
refl ect ed2PfighPhobphpn angoeatiapestepe(dI)|iquid phosphor of flat surface
1200: section of liquid phosphor of convex surface 1201: part capabl e of
refl ecti ng®Phestep| éefedf| reheivinai Acbaghl aprapent aferbpsphgui d phosphor
of convex_.surface. 1300, 1401, 1402, 1403:. parallel light 6 Septenber
2005 - 21293309etegborerapsing; fFaBed )i ght 1301', 1302', 1303', 1401', .
1402' , 1489': refl ected . . _
2: defect repairing step (I1}
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 phosphor.
611, 1511, 1611, 2111: reflected light brightness peak
from the surface of liquid phosphor having portion not
applied to grooves
613, 1513, 1613, 2113: reflected light brightness peak
from non-applied liquid phosphdr.
620, 720, 1520, 1620, 2120: brightness signal waveform

630, 632: extracted value of reflected light brightness




i ght 1310: light diffusing neans 1320: inmaging neans 1330, 1430:
conpletely flat surface with respect to substrate surface 1331, 1431: area
including a part of conpletely flat surface and non-fl ats Sadase 2005 h
respect to substrate surface 1420: snall inmagi ng angul ar aperture 1421:

| arge i magi ng angul ar aperture 1550: graph indicating brightness change at
the position of the dotted line u 1610, 1612': reflected |ight brightness
peak from 1iquid phosphor surface after optinzing 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 tgglseirdfce wdi dénmédr etiosehiogn of |ight 1614': reflected

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

angl e of incidence/reflection of . .
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



i ght 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 B Sdric &fe SHIRSEAYpIIaEE to cel | 6 Septenber 2005

- 23
731: extracted value of brightness peak of fluorescent

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




2203: liquid phosphor of convex surface applied to cell 2250: graph

i ndi cating brightness change at the positions of the dotted lines x and x'
2260: graph indicating brightness change obtained by aversagiphgnisdrgoed s for
width y between the dotted lines x and x' 2210: reflected |light brightness
peak fromthe surface of liquid phosphor of concave surface 2210':
reflected Iight brightness peak fromthe surface of |iquid phosphor of
flat surface 2211: reflected light brightness peak fromthe surface of
l1iquid phosphor obtained by averagiing signals 2220: bri ghtness signal
wavef orm obtai ned fromliquid phosphor of concave surface shape 2220':

bri ght ness signal waveform obtained fromliquid phosphor of flat surface

shape 222 es gn vef or m opt ai ned by averagi ng brightness
si gnal by}prg ?2621 iﬁéaﬁ hfgaﬁﬁd L Bﬁtness si gnal wavef or m when the
substrate (ry spegd ks ¢ fness_peak interval 2302:
appar ent %rl?htngggzpeaggontérggﬁg Oggg%rigL% ss ek ht@rval when the

substk 5 3he carrying speed is changed 2304: period in which the substrate
carrying speed is 6 Septenber 2005

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
:pOSlthH of the dotted line u
1610, 1612': reflected light brightness peak from
.1iquid phosphor sufface after optimizing the angle of
1nc1dence/reflect10n of light |
1611': reflected llght brlghtness peak from the surface
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



- 24 changed . 2310: defect point 2320: substrate carrying speed waveform
2350: graph indicating brightness signal waveformwhen the substrate
carrying speed is changed 2360: graph indicating substratgesgasming ngospeed
wavef orm 2400: fluorescent |layer with the amount of phosphor | ess than the
standard val ue 2401: fluorescent |layer with the standard anount of

phosphor 2402: fluorescent |ayer with, the amount of phosphor nore than

t he standard val ue 2410: hem of fluorescent |layer 2420: incom ng |ight
2430, 2431, 2432, 2460: scattering4ight 2440: inmaging neans 2450:
dielectric layer 2521: |ight of wavel ength of 260 nm or under 2540, 2541,
2542: fluorescent photogenesis 2701: incomng light 2702: reflected |ight

2703: fluorescent photogenesis 2710: illum nating neans 2711: |ight source
partvalue after optimizing the angle of incidence/reflection 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



6 Septenber 2005 - 25 2712: |ight transnission'part 2713: Iight ej ection

port 2714: light diffusing neans 2715, 2723: light polarizing direction
sel ecting neans 2720: imaging neans 2721: light receivi igSdpddnhber 2082

| i ght converging part 2724: received light intensity attenuating
2725: imagi ng wavel ength sel ecti ng neans 2731: signal processing

neans
nmeans

2732: signal transmitting means 2741: noving neans 2742: substrate

carrying means 2743.: angle adjusting nmechani sm 2751: substrate

advancenent sensing neans 2752:_ supstrate noving speed measuring neans
2800: target light requirement setting stage 2810: inspection starting
Stage 2820: waiting stage 2830: inmage capturing stage 2840: signal

processing stage 2850: inspection result outputting stage 2860:
fini shing %Pége128v1d PhgrPhpsceft FoRvatEqabriiageseageéied to cell

2250: graph indicating brightness change at the
posifions 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
!

2210: reflected light briqhtness'peak from the surface
of liquid phqsphor of concave surface

2210°": reflectedrlight brightness peak from the surface
of liquid phosphor of flat éurface

2211: reflected light brightness peak from the surface
of liquid phosphor obtained by averaging signals

2220: brightness signal waveforn obtained fromrliquid
phosphor of concave surface shape

-2220‘:'brightness signal waveform obtained from liquid
phosphor of flat surface shape

2221: brightness signal waveform obtained by averaglng
brlghtness 51gnal by predetermined width

2300: brightness signal waveform when the substrate
carrying speéd-i$ changed |

2301: brightness peak interval

2302: appateﬁt brightness peak interval

2303? brightness peak interval when the substrate .
carrying épeed is changed

2304: period in which the substrate carrying speed is

i nspection



2872: illunminating neans control calculating stage 6 Septenber 2005 - 26 -
2873: light quantity adjusting stage 2901, 2902, 3001, 3002: (part of)
defect: 3003: repaired defect 2910, 3010: nozzle for requgégghﬂggbggg
2920, 3020: liquid phosphor E, F; G I, J, K M N partition wall H
hei ght of partition wall HP: surface height of phosphor L, L1, L2, L3:
predeterm ned groove width Lp: groove width for three colors of RG PO:
bri ghtness of reflected |ight obtained without any application of phosphor
P1: brightness of reflected |ight t ai ned when application volune of
l'i quid phosphor is V1 P2: brightness of reflected |ight obtained when
application volume of |iquid phosphor is V2 P3: brightness of reflected
| i ght obtained when application volune of liquid phosphor is V3 Q R
cur vehiamdiesht i ng the rel ati onshi p between surface shape (application
vol une) of 1iquid phosphor and the intensity of reflected light U curve
i ndi cati ng3t&Re defgctorshnp bet ween anopunt of phosphor and the intensity
of reflected |ight
. . 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




VO, VI, V2, V3: application volunme of liquid phosphor (V0=0<V1i<V2<V3) 6
Sept enber 2005 - 27 X curve indicating the rel ationship between anount of
phosphor and the intensity of fluorescent photogenesis 616§bt&mmggogg f, 9

h, i, j, k, 1. groove of groove w dth L formed of partltlon wal | s
g', J': groove of groove width L3 fornmed of partition walls b’ e', W,
k': groove of groove width LI forned of partition walls c¢c', f', ity 1

~groove of groove width L2 forned of partition walls in, n, o, p: constant
s, t, u, v, w, x, Xx': position of f@talnlng bri ght ness signal waveform
from substrate to be inspected y: ‘imtegrated width of brightness signal
Best Mode for Carrying Qut the Invention The enbodi nents of the present
invention will be described with a back plate of a PDP as an exanple with
ref erence2/d2théidhawkngssnksréohyparhe basic configuration of the PDP will
be briefly described using Fig. 1. Fig. 1 is a schematic cross-sectional
viem/sinp?élﬁndﬂéabanj@ﬁélebnppgﬁrat|on of the back plate of the PDP. A

PDP 10 congrlses a back plate
: 2714 light diffusing means

2715, 2723: light polarizing direction selecting means
2720: imaging means

2721: light receiving part

2722: light converging part

2724; received.liqht intensity attenuating means
2725: inaging wavelength selecting means
2731: signal processing means

2732: signal transmitting means

2741: moving'meaﬁs

2742: substrate carrying means

2743: angle adjﬁsting mechanism

2751: substrate advancement sensing means
2752: substrate moving speed measuring means
2800: target light requirement setting stage
2810: inspection starting sﬁage

2820: waiting stage

2830 image capturing stage

2840: signal procéssing stage

2850+ inspection result outputting stage
2860: inspection finishing stage

2871: light reception acquiring‘stage

2872 illuminating means control calculating stage




of the PDP 11 on a back gl ass substrate 100 in which a partition wall 103
is-disposed on a dielectric |ayer 102 6 Septenber 2005 - 28 wth an
address el ectrode 101 di sposed thereon, and RGB fl uor escesdptdmteeneos04,
105, 106 are coated therebetween, and a front glass substrate 12 with a
dielectric layer 108 wth display electrodes 107 (displayed in a
rotational manner by 90) and a protective |ayer 109 interposed therein.
Here, the principle of em ssion of a plasma display will be described

bel ow. Plasma 110 is generated by ?ﬁaLing m xture gas which consists of
neon or xenon in a space between e display electrode 107 and the address
el ectrode 101, and applying the voltage thereto, a phosphor at the

sel ected position emts |ight thereby, and a desired color is displayed by
t he conbi rdtion gfght gitardnitssiach Wit igack tpigesphor . Next, a manufact uring
met hod of a flat display panel. will be described with reference to Fig. 2
with a badébl-at?®0%f IHE.POPOZs dpasstamflledeffiegt 2 is a flowchart sinply

showi ng a ufacturing step of the back plate of the PDP. The
nanufactwéaﬁ}Tm%%EHl@ﬂJQﬁg%%kk plate of the PDP. conprises a step 210 of

cl eani ng dryj a glass substrate form ng a base of the back plate of
"t he PDP, ?]ﬂsq’ p"Jogg’O 6‘%zf i & B idilget 94ecérn el ectrode of a .

conducflvggg&he@d@oﬁ %fﬁﬁ?%_%ﬂ%g%&é&of”‘ng a dielectric film

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)



on the glass substrate, a step 240 of forming partition .walls, a step 250
of formng a fluorescent |ayer between the respective partition walls, and
a step 260 of repairing a 6 September 2005 - 29 defectivesdmtenood a
phosphor. The.step 250 of formng the fluorescent |ayer between the
partition walls will be described belowin detail. This step 250 conpri ses
a step 251 of applying liquid phosphor between the partition walls, a
first step 252 of inspecting a formng state of a phosphor (hereinafter,
referred to as phosphor inspection §t§p (l)), a step 253 of drying liquid
phosphor to formthe fluorescent ?ayer, and a second step 254 of
i nspecting a phosphor formng state (hereinafter, referred to as phosphor
i nspection step (I1)). The step 260 of repairing the defective portion of
t he phospBor owirivie heddestriingedhieelrewaitnondetiai bet¥iries siepntonyri ses a step
261 of repairing a defect discovered in the phosphor inspection step (1)
(her edtrfberr, ared diveedintteresl by def ddtampaianihglsttemgiddis and a step 262
of repairing a defect discovered in the phosphor inspection step (I1)
(herei naf fer Pir 6feflre@ t §-as-ah défedt Kepairr gmgoFeepf( BEPPYel n additi on
in order to realize desired color display in the PDP by using three kinds
of REBHI dr IbsHemarfittiqns widdessary to formthe fluorescent |ayer of
.three color,s of RGB as shown in Fig. 1, and the step. 250 of forming the
a', d', g", J3': groove of groove width L3 formed 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



fluorescent |ayer between the partition walls is repeated three tines. In
particular, the present invention relates to the phosphor inspection step
(1) 252 and the phosphor inspection 6 September 2005 - 3@ scpt@fbet bbds 254.
The present invention is characterized in that the optimumopti cal
condition for the optical inspection of the phosphor is determ ned
according to the structural characteristic of the substrate which is an
object for inspection, the determ ned condition is reflected on an

i nspection apparatus to carry out 28he i nspection with excellent accuracy,
causes of abnormalities in the step are estimated by information on
defects if any defective substrate is generated, the step is i mredi atel y

cort ggLRdah0qRLEYENL 1 BRY, 0GLeEhE hishBECh! UREESGRNtah@YRES and (he yield

is ensured by raprdly repairring the ective substrate. Next, the
SUbS%ﬂﬁFQeE%EHttTQEEEQOEQ§CEQBB|ai@% QképeéggedtBﬁé?@@e@kéénbe descri bed

erence to Figs , d 5. is a schematic illustration of

the sHbshratenhayhngs guegveareFig. wﬂthsaad56m883£i§ ih{ustragion of the
substrate having grooves of three kinds of groove w dt and Fig. 5is a

SCheW&EthhEbQ§§ré&b@ﬂr@ﬁe%h@03UQ&EE@l@yaavhﬂgagf@QXESon§BCt|Oned f or
predeterm ned space in the longitudinal direction by the partition walls,
respaghhvel by b0 °Fi gndB.a draubsiviate 1300y | Sesepgieab stisubrsin at e
| Here, the principle 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



100, a plurality of straight pattern electrodes 101, a dielectric film

102, and a plurality of partition walls 103. On the substrate 300, a space

between the. partition walls held by, for exanple, a partgdd wabbofE and a
s 6

partition wall F out.of the plurality of partition walls 103 i

"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 substrate 100, a plurality
of straight pattern el ectrodes }8% a dielectric film102, and a plurality
of partition walls 103. On the s dtTate 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, defsyHcersatondsiorpart ia idrmsphedd.s Méled stppt BéOpartt ifiirarineal | | and a
partition wall J out of the plurality of partition walls 103 is defined as
a grddve flupreguend dpase bettvesesm gdre ipsred el sraldlsd Wiyl 1t e partition
wal | J and a partition wall K out of the plurality of partition walls 103
i s défastadhes Pefryovd Bedaidespddtiisveiter PHIOs copimd selvate tsieee ki nds  of
116, 117 and 118 are constituted orderly on the substrate 400

t he grooves | / 0
'S0 t%a"il tHe FHolid dnildi ighiahsisrde 1 he twieeguaihiet Pag téft iom wieddis3. The ki nd

of t%e ﬂrros%vessteips Z%r2efoetr %?!s%eaétfnegasaf 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



two, but not Iimted to three as shown in Fig. 4. In Fig. 5 a substrate
320 conprises a glass substrate 100, a plurality of straight pattern

el ectrodes 101, a dielectric film102, a plurality of p& $ddidngier 2063 S
103,. and another partition wall 111 (hereinafter, referred to as
"transverse rib") forned 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 out of the plurality of
partition walls 103 is defined as 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

pl ur &3585 OFDkidfs: of ThE GURSSH MR Sieewd S whRirg.cler imed Ha accept abl e.
Next, the substrate with |iquid phosphor is applled thereto by perform ng
t he s’%ké”pt ed?ptalﬁ‘ﬂw‘“yl%btlqu%m@n derpdhree®tgaali tion walls on the

"~ substrate 300 in Wr}é@;ih a fluorescent |ayer shown in Flgtgjs is forned will

be deETHePaL art aﬁﬁﬂ%m% s éﬂfeéaeefﬁe@etdo alfacgrdemgp

oo Lo el o bhe g d presgher sl o tre

Step<ﬁdfeéﬁ §J¥3fH§§§%91on, éﬂglég%ermlned 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. b5 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



"~ subst

As described above, in order to realize desired col or display'by usi ng

three kinds of RGB color developnent in the PDP, it is necessary to form
RGB fluorescent layers in a predeternmned repeated orders $égémberaupse, :
BRGBRG ) as shown in Fig. 1. Thus, if attention is nmade to a certain
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 1liquid phosphor applied
to the desired grooves, solvent _cgyponent 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
anot HBfHed i ot r@foo‘c%l]ofr%- hdte Hossiiy &f redtisdeen Fommdd tdue to the
schedule of the step. As a still another exanple, the substrate with the
f1 uordscBOTey At oitte Tt a7 ifidbllord ko riddieheéte dih s ulsdiad@n ng the step
250 o% iorning the fluorescent |ayer between the partition walls on the
%e 300 with the fluorescent | ayer shown in Fig. 3 fornmed thereon

will be q§§ jjbe%_mh:h reference Fig 7. Fig 7.is aschemtic
i|lustration |ﬁh|cat|h§ Fﬁésﬁlﬁgﬁe§ggnfgﬁﬁgéﬁeﬁfaagééﬁﬁaln col or formed on
the gglﬁ%’@rﬂy ]i[(ﬂ?, ba[ipglh}&eﬁlstficgpegtraight 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



wavef or m obt ai ned by the phosphof inspection step (I1) of the present-

i nvention. As described above, the fluorescent |ayers 700, 701, 702 and
703 must be formed orderly on the grooves b, e, h and k egdp@ssbek ¥005
grooves. In Fig. 7, due to an abnormality in the step, the anmount of
phosphor on the fluorescent layer 701 is smaller than the standard val ue,
and any fluorescent layer is not fornmed in the groove k in which the
fluorescent |ayer should be present. By 6 Septenber 2005 - 34 performng
the step 250 of formng the fluorescent |layer for .two other colors, the
RGB fluorescent layers will be forffed in a predetermnined repeated order
(for exanple,: BRGBRG ) One of especially inportant factors for determ ning
| um nous brightness in PDP includes the anount of phosphor in the

f | uorresddritidrayerll THer.e i &heermigraiyrdte tivat, thearr ihghitnéss is |ower if
t he amount of phosphor is small while the brightness is higher if the
anourflorofexgmpsighore i dtartgen wald M argl phespticrt iios apglli édouto | i ght

em ssion occurs as a matter of course.- In addition, if grooves of the

| ar g@f Shealnluged iy sfomatr toft ighosfpHdrs drls preeslerdtinied @sniaxed nmanner in
one substrate, these grooves cause irregularities in _|umnous brightness
of tKREPHE IHat heaing esivisdig s wikdefadd i @agitodeetd onTivy Wdest cause of
t he phegﬁggnonh%agédithe amount of phosphor of the fluorescent |ayer is not

consPetért- 4! | ‘Gt ik Hon HHAGHE ifospifor! tdppri gatliiged 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 perfofmihg 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
- schematic illustration indicating the liquid phosphor
applied to the groove aﬁd brightness signal wéveform
obtained by the phosphor inspection step (I) of the present
invention. |
As deécribed above, in order to realize desired color
'display by using threQ.kinds of RGB color development in the
PﬁP,'it is necessary to form RGB fluoreScent'layers in a |
predetermined repeated ordér (for example,: BRGBRG:) as
shown in Fig. 1. Thus, 1f attention is made to a certain
color of RGEB, the'certain color must be applied orderly

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



when |iquid phosphor is"applied to grooves. Cenerally known nethods of
applying liquid phosphor to desired grooves include screen printing,

phot o-1ithographic processing, and nozzle application. Bﬁkgﬂﬁﬁkfgmgje
occurs in application of |iquid phosphor by these nethods, a part w thout
any application of |iquid phosphor is generated as shown as 601 in Fig. 6,
or a groove to which liquid phosphor is not conpletely applied as in 603
is generated. If any substrate having troubles in such a state of
application of 6 Septenber 2005 - _liquid phosphor is subjected to the
step 253 of formng the fluorescent |ayer by drying |liquid phosphor, a
defective substrate having a fluorescent |ayer of different anount of
phosphor on one substrate is nmanufactured. In addition, causes of

gener®d &Y ofpirddéegultar ithicegrioevegppl.i eat boanby kt ke &Bove 6.i qdind phosphor
appl yi.ng net hod _includes clogging of .a screen and defective adjustnent of
a pﬁd§bﬁ6&F&%@Fﬁ@ét@Ppﬂﬁe@hécs@@@eﬁeﬁﬂﬁﬁ@iﬁgpoﬂéﬁecﬁpﬁgenédjustnent of the

phosphor applicator and adhesion of A foreign matters to a photo nask in the

~ phot GMPOREGapii € SMET6Ee 81 RET TaFE e dien§ o o ZH® Rotes aald

MO YRl QL ok AMBlCa Lo pressure caveed by sbnorml {12 of 2 e
oceur once, LHGY¢YAL! GRUBELCORLT PHQUS:, GBLECLS ! P LG IRLEL gupstrates.
been formed on the grooves a,ic, d, £, g, i, jJ 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



An inspection nmethod of a display panel of the present invention inproves
the yield of products by rapidly detecting continuous defects wi th high
accuracy in order to prevent continuous shipnment of the ghQuendefeeds ve
substrates to subsequent steps in the phosphor inspection Step (I) 252 and
t he phosphor inspection step (I1) 254, estimating the causes of
abnormalities in the steps from information on defects, correcting the
step immediately to prevent any defects of irregularities in brightness
generated in the fluorescent layer, and rapidly repairing 6 Septenber 2005
- 36 any defective substrates. hg%rder to inspect the phosphor form ng
state, the above conventi onal technology can be used. This neans that the
phosphor form ng state is inspected by the change in the obtained inmaging
bri gipterearntiyicaltdhenwistgert S d icghtfdrmilbey tihrcifdentr eaetnite lphespltor at a
predeterm ned angle of incidence, and receiving the reflected Iight from

t he thosytharr ato la rpr,edédtee R vanglsecoft rlefdeect vod.l Hewdwemed i f t he

obj ect for inspection such as the back plate of the PDP has a conplicated
st r udturaalpretertagrdmiest ixepeaicd sulsicact(ddt @ xandlar,ge BREGARE: ) of

manuf acturing steps, the manufacturing condition of the object is changed
and the Q&?t@ﬁne§ﬁ§§éaﬂéﬁnﬂﬁ§0?ﬁéﬂ§uﬁﬁ&é@rﬁsf@ﬁaﬁgéér@ﬁpe§§ adj usting the

optical conditiagns such as the angle of
luminous brightness in PDP 1ncludes 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
:preceseing, 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
-isrnqt completely applied as iﬁ 603;15 generated. If any

substrate having troubles in such a state of application of




i nci dence, the angle of'reflection, t he wavel ength, the intensity, the

scattering and the polarizing direction of the inspection |ight
considering the structural characteristic of the object g§%}&ﬂ§%99650n,
and probl-ems occur in that the inspection accuracy is conS|éera Iy
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 sane. Description will be nmade bel ow on the detail ed
probl ens of the conventi onal teghgglggy and the solution of problenms in
the inspection nethod of the prese invention while 6 Septenber 2005 - 37
conparing themw th each other. Firstly, description will be nade on a case
of carrying out the inspection in the phosphor inspection step (1) 254.

At t Helquime mifosdie phics phorj éaispkctd orhstepe 125254 foqhdsphdathanhi ch is an
obj ect of inspectionis applied in liquid to a groove conprising partition
wal | stlsrprarcerdublstyen Y Merwing eflgetd avhafphidie refdetad vd ght at t he
angl e of incidence of the incoming light is defined as the regular

ref | BTt aihdFeimec doluqrgicatli chryer reyuliaf ferentefdusstdd dfs defined as
the regularly reflected light, and the light reflected in the angul ar

aper t(RIFSRIREN A Predstermafed dhdumifapeiiade for capturing the |ight

captures %% g%%g .the re uIarI% refl ected Ii%bt i s defined
_ _ _ o

ition, calses of generation 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 application 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 products by rapidly
'1detéctiﬁg continuous defects with high accuracy in order.to
prevent continuous shipment of the above defective
substrates té subsequent steps in the phosphor inspection
;étep (13-252 and the phosphor inspection stép (1I1) é54,
‘:estiméting the causes of abnormalities in the sfeps frém
infOrmation on defects, correcting the step immediately to

pfevent any defects of irregularities in brightness

generatéd in the fluocrescent layef, and rapidly repairing



as the reflected light in the angul ar aperture, respectively, and they are
used bel ow. Here, the principle and problens of the inspection of the
application state of |iquid phosphor applied to the subsfgakgniy 2bhe

conventional technology, in particular, the optical inspection technol ogy
for capturing the regularly reflected |ight are successively described with

-reference to Figs. 6, 8 9, 10, 11 and 12. Fig. 8 is a schematic

illustration indicating the relationship between the surface shape :
(application volune) of liquid phosghor and the intensity of the reflected
light (hereinafter, referred to " at® "surface shape - brightness
correlation"). Figs. 9, 10, 6 Septenber 2005 - 38 11 and 12 are schematic
illustrations indicating the relationship between the |iquid phosphor

app! iacat idef evdligre sudnad rtshessur f ace shape after application thereof.
Firstly, the relationship between the application state of |iquid phosphor
and t he obrabmddrbtbghtapsstofthehphosphbectfedmihghstate] bResuccessively
described with reference to Figs. 8, 9, 10, 11 and 12. For easy
undee$rardiosgveat ismede ttechinedd dap plainc & osedvol e sVaeiasisdéhiated as a

‘reference. The surface shape of [|iquid phosphor in this case is flat

( par &ifeePhogphgirt Hormdggesttate tilve igwpsatarde byuthacehasgshéwn thy the i quid

- phosphor (1100 .in Fig. /11. Wth the application volune V1

obtained i1maging 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



(<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
l'iquid phosphor 1000 in Fig. 10. On the other hand, Wtk dhemaRpbo@ation
volume V3 (>V2) which is larger than the reference, the surface shape of

| i qui d phosphor is convex with respect to the substrate surface as shown by
the liquid phosphor 1200 in Fig.12. In addition, with the application

vol une VO = 0(<V2) when non-application occurs in which any |liquid phosphor
is not applied conpletely, no Iiggid phosphor is present in the groove as
shown by 900 in Fig. 9, and the s face shape is of concave shape '
constituted by the partition walls and the dielectric layer. | 6 Septenber
2005 - 39 As described above, when the reflected light reflected by the
sur f @espefr ilnigyuihetmp sphes dhs othpirur ed, the surface is flat in the
reference |iquid phosphor 1100, and the regularly reflected Iight from
every are&its0lyef deherlipgipd wsliif heemadn be gsaptbeedf andrt/hagobt ai ned
brightness signal wll be maxinum On the other hand, on the liquid

phos dér theod nspegdion dapaiblee pbp spéblredtispgctthenr eftlegct(@d 12i5ght in t he
angul ar aperture becones an area 1001 shown in Fig. 10 since the surface
i s coicdie TG e thist Ribesohor ¢hispess ishgnakp (I) 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,



becones smaller than that by the |iquid phosphor surface 1100. In _
addition, this effect becones nore remarkable as the application volune V
becones snaller, i.e., as the surface shape of |iquid phosphatber 8005

consi derably nore concave than the flat shape. Further, in‘the liquid
phosphor 1200, the surface shape is convex, the part capable of reflecting
the reflected light in the angul ar aperture becones an area 1201 shown in
Fig. 12, and the obtained brightness signal beconmes snaller than that of
the Iiquid phosphor 1100. In addition, this effect beconmes nore renmarkable
as the application volunme V become3®larger, i.e., as the surface shape of

| iquid phosphor is considerably nore convex than the flat shape. In the
non-application state 900, the reflecting surface is flat, and regul ar

refl ect iom e@sidde Qg tiG: Sapkardert 2000 rndiadioevale Since a bottom
part of a reflecting surface is |lower than a part wth |iquid phosphor

appl i sl 4 thiesrediop tthetwdeaf et ad dd ightpHdsder angul ida @aRef twdiemless easily
bl ocked by the partition walls, the part capable of reflecting the
ref | ecticd-Hd ghirfiavd hehargu Bre apgdiire fiomecregrarfea 901 shown in Fig. 9,
and the obtained brightness signal is smaller than that of the liquid
~phosphor Fi@GL1The thwr velQtiipnBhdp Beitsre@ngrthph appdiicatiing thate

rel ati onship between the |iquid phosphor application vol une,

of liquid phosphor 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 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)

Qhen 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‘shépe is

of concave shape constituted by the partition walls arnd the

dielectric layer.



the liquid phosphor surface shape, and the obtained brightness with the
brightness in Y-axis and with the liquid phosphor application volune or
the Iiquid phosphor surface shape in X-axis. This nmeans gt Hi€2005

bri ght ness beconmes .. maxi num when the surface of |iquid pho or Is flat,
and the obtained brightness becones smaller when the surface shape is
convex or concave or non-application of |iquid phosphor. 1In the inspection
of the application state of liquid phosphor by applying the conventional
technol ogy using an optical systemcapturing the regularly reflected
light, the 1iquid phosphor applicafion volune is neasured by using the
rel ati onship between the |iquid phosphor application volune, the liquid
phosphor surface shape and the intensity of the obtained brightness, and
det er m ni pg dercdebeet hvever wHeheehvecpreduels 1iAnRr ehlrearwielih the
conventional technol ogy includes 6 Septenber 2005 - 41 that the

corr edattiten shetfwen dhd isyfifaeosang and dha uddd ghtmessidia st eeply

. changed in the vicinity of a flat surface shape as indicated by the curve
Q in i flad, iandtHehe diffdrghideess qis & hangethdesisi 6t lumet here sur f ace shape.
This means that the conventional technology has the inspection
sensidagiltar lonlne filrec emarlrighitr dngen efverhe st dde Ishape he( dppldicht i on

vol une) around a part of flat surface shape of |iquid phosphor. In other
Wwor dss,unﬁ@qqqe:amm@amred, and the obtained brightness signal

fe
p

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. In 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.



utilizing the relationship of the curve Q determnation is only available
for whether or not the surface shape of |iquid phosphor is fl.at. In order
to measure the surface shape of |iquid phosphor, i.e., tdi€adr2ads on
volunme with high accuracy in a wide range of surface shape (application
volume) from non-application to flat surface shape, the correlation

bet ween the surface shape and the brightness nust be substantially
proportional as a curve Rin Fig. 8 1n the conventional technol ogy, the
reason why the correlation between the surface shape and the brightness is
expressed like the curve Qis that%8n~imaging means is strongly apt to
capture only the reflected light fromthe surface conpletely flat with
respect to the substrate surface in the conventional technology. To solve

the mpowblrem &heceo nadatdwnpdet ween ther savf ace shapgands the bright ness
shown by the curve R can be obtained if. constituting an optical system

for chpteritign he peft ecitad 6idepd eflspl200Sapp ¥idad lHighte dd OMlan area

i ncluding the surface conpletely flat wth respect to the substrate

sur f acef ket ¢dhel oytet par ttlof ampz¥datasartface. isThassilin Bhelkaspeet i on

met hod of the present invention, it is devised that the diffusivity of the
i nspelcte gt hhton sva o eaded, pand chmbimget captiwd ianguites  aperture of
the imagi ng neans is extended. These devises wll be described with

refer g Jgisghtlgiraria]el@ngular aperture forms an area 901

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 Or 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



Firstly, the effect of the increase in diffusivity of the inspection |ight
wi Il be described with reference to Fig. 13. Wen any |ight diffusing
means 1310 is not installed, the parallel |ight 1300 is‘égﬁﬁéﬁmgzgggthe

| i qui d phosphor surface as the incomng |light 1301 while. Dbeing parallel,
and only the reflected light 1301' is incident on an inmging mneans 1320.
This neans that, in this case, the i mging neans 1320 captures only the
.reflected. light froma surface 1330 conpletely flat with respect to the
substrate surface. On the other h@gd, when the light diffusing neans 1301
is installed, the parallel light 00 is diffused by the light diffusing
means 1310, and incident on. the |iquid phosphor surface as diffused

i ghts 1301, 1302 and 1303 incident on the |iquid phosphor, surface at

var i ditsatanglees;orand dtfien refdwectredhd ghitr£ak830Ehapk3@2id ame 1303' are
incident on the imaging neans 1320. This neans,. in this case, the inmaging
mean$ rii30:reapEt ure s tHelwe Inefdheatged! liinghthef momian tar e B33 L ati ncl udi ng t he
surface conpletely flat with-respect to the 6 Septenber 2005 - 43
substsatfecurstage ard imdiaatesf hdhsurfuaoe Qotinf [Fal -t Wer ettel thiFhus, the
correl ation between the surface shape and the brightness gets closer to

t he durhghtmgss jifccdagiang thess aiiftfusitiary s falge isheypect | dRis ght . Next .
the effect of the increase in the imge capture angular aperture of the

i magiMRAHedie thilhe wergesdriied Wiadhnology 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



reference to Fig.. 14. Wen an image is captured by the image capture
angul ar aperture 1420, the parallel lights 1401, 1402 and 1403 are

“incident on the liquid phosphor surface, and only the refd&edad:bbet

1401' is reflected in the inmage capture angul ar aperture 1420. This neans
that, in this case, the inmage capture neans captures only the reflected
light fromthe surface 1430 conpletely flat with respect to the substrate
surface. On the other hand, when an inmage is captured by the inmage capture
angul ar aperture 1421, the parallel lights 1401, 1402 and 1403 inci dent on
the |iquid phosphor surface are 7€ ect ed by the liquid phosphor surface,
respectively to formthe reflected light 1401, 1402' and 1403', and al
of themare reflected in the image capture angul ar aperture 1421. This
meand itghet friom athhiayeGadecitd ngmagenguirgans ecappueeslhelnefl ected |ight
froman area 1431 including the surface conpletely flat with "respect to
t he subst naEtspesur frac &handud spaat-eob utrife ceunhalc e hrobnkl ghrthefet o. Thus, the
correl ati on between the surface shape and the brightness gets close to the
cur va&oR fhpte s8efieewber T2065 -ind4hei noseasitngnt ke thodge fcapeur e angul ar
aperture of the imaging neans. Generally speaking, if the inmage capture
angulPdeseggenfyiea lilon, nditedsedievitbedi hhefisithy dfi ffheiviight oifnthdent in the
i maging nmeans is also increased. If the light of the
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



intensity not less than the capacity of a light receiving elenent of the
i magi ng neans is incident, neasurenent of high accuracy cannot be

prospected. Thus, the imaging neans is preferably provigqgﬁ%%{ - ggsecei ved
t hat

light intensity attenuating nmeans. It is also understoo refl ectance
is high on the |iquid phosphor surface, and a |ight polarizing direction
sel ecting neans nay be provided on an illum nating neans, an imaging

nmeans, in order to inprove the contrast of inage. In the above description,

one liquid phosphor is taken as an exanple for easy understandi ng.
However, in practice, a plurality*df |iquid phosphors nust be inspected.
To carry out the inspection on every |iquid phosphor applied on the
substrate, the brightness may be nmeasured while relatively noving the

posi tshudd tafa ih e mubsid aligl t0 ghe INCoRNTsht Bite hdt thEadi fi06LE0H. across
the groove fornmed in the substrate. Detailed configuration of the

appartatiss whd doe rdasariideethe theledw.thie ssitdfcel Bhipe eadvehki ona
technol ogy, the inspection on liquid phosphor is carried out on every
| i quikdipfidspser & tSeptlemser t20@he dAdrveapplbived nomretbéngulibr at e as
descri bed above. As shown in Fig. 6, the brightness signal waveform 620
cor r eéggdndiing tyo o ft Hédwes unfesgee tdloapd. iigid].udi ng t he surface shape of liquid
phosphor as shown in a graph 660 at, for exanple, the
Next, the effect 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



position of the dotted line s can be obtained. It is denonstrated that
this brightness signal waveform 620 can be applied normally if
corresponding to the surface shape of the substrate, |ag3g RLiFPIGRSS
signal and. small brightness signal can be obtained fromthe grooves b and
h including the Iiquid phosphor 600 and 602 with flat surface shape, and
t he grooves e and k including liquid phosphor 601 and 603 which are not
applied normal |y, respectively, and brightness equivalent to that of the
grooves e and k can be obtained_ fyyom the grooves a, ¢, d, f, g, i, j and 1
wi thout any |iquid phosphor applied thereto, where the brightness peak of
the part corresponding to the grooves to which liquid phosphor is applied,
and the grogves to which liquid phosphor should be_a glied i s denoted as
610, 1BFrea6129akBe61B298nE2REREP NAT TR ?rr@P%FF%Het%faE Ehe™@81ght ness
peak”. In the PDP, liquid phosphor is applied at the predeterm ned
i nt ef$&>1:p, and the obtai ned brightness peaks 610, 611, 612 and 613 of
t he brightness i;gnal vef or at ur al ear at_t a{)redeterm'ned

; 0

ly a

peri odi caPePRERIVEI SPHEPEH  thnsPantya¢or rapordi MY t6™t he applicati on
interval . of Liquid phaosphor,. Thus, _t I o] .Q | gbtness, peak from6
SeptéﬁﬁgFufﬁo%S-1£§rgﬁf8§rdtBﬁo%BﬁSPSég§|¥gdﬂﬁ8 %5 htgroove on the
S”bSEBQE%eP%%agﬁﬁgoﬁ%ﬁhge sb¥1§ét&§8%bagehhe_9%‘9ﬂ&“§§§hEeé% ghet e poi nt
apart from the h bri ghtness peak by the distance nLp as

intensity not less than the capacity of a light receiving

-element 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
liguid phosphor surface, 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



the (N+l)th brightness peak to the brightness waveform 620, and repeating

this operation for every brightness peak. These values of the brightness
peak are defined as the representative brightness for egcdepgaRy8goend the
bri ght ness peak waveform 640 can be obtai ned by successively arranging

t hese val ues. The respective values 630, 631, 632 and 633 constituting the
bri ght ness peak waveform 640 correspond to the |Iiquid phosphor application
volume for each groove, and the position of the groove and the
application vol une of quuid.phosphgr applied to the groove are specified
by the brightness peak wavef or m 64907 Tn .addition, by setting an
appropriate threshold 650 to the brightness peak waveform 640, the

bri ght ness peaks 631 and 633 bel ow the threshold 650 are extracted, and the
gr oovaxsp 1 ted raxs pdrdi st tord the 4oy | dpt veidse pedksr«631 Ands1633 arre specified to
determ ne that the application volume of liquid phosphor applied to the

gr oovigsd ar e othe dfr idie regg es ofnd hevaretetrerdd e vad aondiris teeans whet her
or not the application volunme of the applied liquid phosphor is in the

.. r angte ofuk Fecordtmerimmet g ueh¢ ssumspectedtino of parquisf  the grooves
to which every liquid phosphor is applied over the whole length in the.

| ongi RRRFRRPT AT t9W8h 6F & tﬁéf@tse@&grﬂ:ibr gosxamyle sudstrate, and NG (No

Good) is, determned to the substrate having the grooves out of the range
of t%ﬁgﬁﬁ%ﬁﬁﬂeéggghﬁidotted line s can be obtained. It is g

‘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



val ue. The method for carrying out the inspection of liquid phosphor to
every liquid phosphor applied on the substrate wusing the conventi onal
technol ogy is as described above. However, when actual | y BpHireboss ng
substrates, |liquid phosphor may be fornmed not with the application vol une
V2 for the flat surface, but with the application volune VI for concave
surface shape, or with the application volunme V2 for convex surface shape.
For exanple, when substrate is formed wth the application volunme V1,
troubl es when carrying out. the ingﬁecti on of the application state of
| i qui d phosphor by the above convehtional technology will be described
wth reference to Figs. 9, 10 and 15. Fig. 15 is a schematic illustration
showi ng |iquid phosphor applied to the grooves and the brightness, signal
wav eflorquiabtigiamthdyy ddpel i ddisipeatacn qeidied of die qanesenttd reention. As
shown in Fig. 10, if the surface shape is concave, a part capable of
ref | dot iolgatheed dfyt ectiechdtiight tilee thhel glangd arpagerdturtehd ooimarrow, and t he
brightness of the reflected Iight obtained fromliquid phosphor is apt to
be iamawasadn Ghe Re gt Heridlant;ss paedie y ddwe dictttaomepanttp asi t hout any
l'i quid phosphor applied thereto, the reflected I|ight in the angular
aper tithe (0% 18481 I8 inhdaless Beaheio 618 e svaves® rop&ad, i on wal | s.
However, the reflecting surface is flat,
. and repeating this operation 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, and 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
caddition, by setting an appropriate threshold 650 to the
-brightness peak waveform 640,.the brightness peaks 631 and
633 below the threshold 650 are extraeted, and the grooves
corresbonding to the brightness peaks 631 and 633 are
specified to determine that the application volume of liquid
_ phosphor - applied to the grooves are out of the range of the
predetermined value. This means whether or not the
application volume of the applied liquid phosphor is in the
-range of the predetermined value is inspected to a part of

f_the grobves'to which every liquid phosphor is applied over

the whole length in the longitudinal direction of the



and the reflectance is high as shown in Fig. 9, and the brightness of a
certain degree can be obtained. As a result, no definite difference is
present in the intensity of the reflected light froma Iggupdhirposenor
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
bri ghtness signals 1510, 1511, 1512 and 1513 fromthe |iquid phosphor part
to be inspected. This nmeans that the brightness peak waveform cannot be
obtained easily. In addition, this phenonenon raises a serious problem
when inspecting the application Et%fe“of i quid phosphor to the substrate
conprising the grooves of at |east two kinds of wdth as showmn in Fig. 4.
This problemw ||l be described by using Fig. 16. Fig. 16 is a schematic

i1l ustubattirerte i RAiCald Ngid icdda) phospheirapRld ed et kengreaves and the

bri ght ness signal waveform obtai ned by the inspection nethod of the

pr es éntv-iinay éftid @rodvers exanmplfe, thal tdigyes Wistimat @ rél@ teirmiwiach three ki nds
of grooves with the groove depth satisfying the inequalities LI<L2<L3 are
constiatluteed orderly when inspecting the application state-of liquid
phosphor applied to the grooves b', e, h' and k' of the narrowest width L1

-wi th the &ppl me&hipdn fool orersmmbl entt the tthepestandaod Vabuéd the intensity

of the reflected light in the angular aperture fromthe liquid phosphor to
be i RbpEPheEF dosepteaivberl g5 phagphor 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



‘difficult to extract the brightne$

wi || be considerably weakened due to the concave surface shape and the

narrow groove wdth. On the other hand, the reflected light in the angul ar
aperture frombottons of the grooves a', d', g and j' ofgehRgpd s@st W dth
L3 is less easily blocked by the partition walls due to the [arge groove
wi dth, and the obtained intensity will be considerably increased. As a
result, the reflected light brightness signal fromliquid phosphor to be
inspected is covered by the reflected light brightness signal fromthe
groove bottom part as shown by the graph 1650 in Fig. 16. Thus, it is
Signals 1610, 1611, 1612 and 1613 from
the liquid phosphor part to be inspected, and accurate neasurenent is
i'mpossible. Here, the reflected light in the angul ar aperture brightness

si gngdardfriamdrherdiiigui d hesphor e be fnspeciedudis defingd as a signal
(hereinafter, referred to as "S"), and the reflected light in the angul ar
aper tance thid ghimessarsiegnal Hipmddeignaovie: batd.om, paidd wWhech need not, be

i nspected is defined as the noise (hereinafter, referred to as "N!), and
t he ®/MNgtdtriend o ital cudwit®eih dagtée caonvendtbonbhed echnsl agyestihe, S/N ratio
is considerably decreased when the substrate manufacturing conditions such
as t he |defliird tphosigifemr ey iicatdmssard] une,thehd rgreomid wicdt Hhe and t he
partition wall height are changed, the inspection 6 Septenber 2005
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



50 cannot be carried out. This problem simlarly occurs when

manuf acturing the substrate with the application volunme V3 though there is
a difference between concave and convex surface shapes @fgdnicied2dpsphor.
The above problens are included in the conventional technology, and
description will be nmade bel ow on the inspection nethod of the present
invention in order to solve these problens. In order to increase the above
S/IN ratio, two nethods, i.e., (1) to increase S and (2) to decrease N,
are general, and the main point is placed in (2) to decrease Nin the

i nspection method of the present” if%ention. In the inspection nethod of
the application state of liquid phosphor of the present invention, N neans
the reflected light in the angul ar aperture brightness signal fromthe

gr oove 1hoblotopaniiewiicaly RRet PRl bRid RePedledonaver @ef-fhee decrease this,
the reflected Iight in the angular aperture fromthe groove bottom part

my BeapaphudedheAnkirtrsiv gfrlbesld wa dret.hod for obtaining the above effect
i ncludes the inspection at the angle of light incidence/reflection at

whi ch t hecnethecbedeli ghhdj nthbere@angukad apehtuia thematbhelgroove bottom
part is conpletely blocked by the partition walls. The rel ationship
bet weer r$uaied fidomn bbltiterisn siie tthico gy roetvieed ali,| Id'be cSueceissi'velty descri bed
with reference to Figs. 17, 18, 19 and 20. Here,

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



6 Septenber 2005 - 51 Figs. 17, 18, 19 and 20 are schematic illustrations
~showing the state of the reflected light reflected fromthe groove bottom
surface or the liquid phosphor surface at the angle of |6 $dptember 2005
i nci dence/reflection O or 0O'. As already described above, when the |ight
is captured, a light capturing neans 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 light incidencelrgflection 0 as shown in Fig. 18, the
reflected light Sin the angular aperture is reflected at the part of 1800
in the range of the angul ar aperture Ck. However, as shown in Fig. 17, at
the angle of light incidence/reflection 0', the reflected light Nin the
“angul G e ture FrigA thet gr cBvies hotalokepas inilz00l wiadcute wreove wi dth
L3(>LI) which need not be inspected can be captured. This nmeans that a
phend?%ﬁbﬁ?‘%tﬁﬂﬁ%%ytft%eswategr%h i therj app i eeleias, vahesS/ B ratio i s
conshgfrﬁgly decreased,. and the inspection with high accuracy is
i mposS i BIE: Theh& 1 et i DG oM SH 11 Beesmdeo s Thendhspattdon at the angl e
of Iisqlhrt i nci dence/re Ie.ctLihjgcg ql Tr}i}s method is .characterized in that
thi s AHgIS oS 1485Ht 9 nch dEHe/PHGE ¥t ion 0 is determined so that the

angul ar a@%%tg%%v%kproblems 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,



at which the reflected light Nin the angul ar aperture from6 Septenber
2005 - 52 the groove bottom part 1900 is captured is conpletely bl ocked
by the partition wall K by the angul ar aperture Ck, and & Supt@abdri200Hn wal |
hei ght H and the groove width L3 which are design values constituting the
groove which need not be inspected. This means that the reflected light N
in the angul ar aperture fromthe groove bottompart 1900 which need not
be inspected is not captured at the angle of light incidence/reflection O
as shown in Fig. 19, and only the g{eflected light S in 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 from
the ITgid oép@vorliuﬁ&%c?é) 3 e GHidete d 1 s Yk Bhawargpartiti on
wal | ,,.and % S/%I ratio is .decreased. Thus, the inspection nethod of the
preseit® SRt oS efdtest i et FeinRchak B o 9nagite

incidence/reflection O is deternned sq that the angul ar aperture Ok for

capt Sorolrkcr%mf e st T e led 1S g"rﬁquéra rPeiHFéﬁ‘%g'iH AChetlt U a8 he i qui d
hos rss e..2000. i ot .hl ocked by, ,the partition |1 1. by the

gnguﬁ%? lépdg{r ?%eCl%gﬁ%C%{rsFae’ﬂheé:tplé’ﬂ :ﬁ[a ioorn-)éwal | A%eiaéﬁteaﬁ,y gﬁé‘?@%‘?&@. width L1,

~and the,surfags, hﬁl@[ﬁ%igh’ﬂ: of5 I(jag)olg%eeo&osaolpirgt{to Cbaei)talp[pllﬂgeqnemggsch are design

val ues constituting the groove
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
graph 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



i nspected as shown in Fig. 20. The above concept is expressed by the
formula 7 below. 6 Septenber 2005 - 53 [Angle at which S is not blocked by
partition wall] < 0 < [angle at which N is blocked by pa&Sdptdnatieraeds ] As

shown in Figs. 19 and 20 as exanples, the reflected I|ight Nin the angul ar
aperture fromthe groove bottom part which need not be inspected is
bl ocked by the partition wall by carrying out the inspection at the angle

of light incidence/reflection O determined by the forrmula 7, and the
reflected light S in the angul ar“agfrgure fromthe liquid phosphor surface
to be inspected is received in theTange of angular aperture OR Thus, the
bri ght ness signal waveform 1620' as shown in the graph 1650" in Fig. 16
can be obtained, and the SINratio sufficient for carrying out the

i nspedtd grragiteh v iglvmageurtadyp (dan heagiittaiaredis lqomgriddretyo i dentify a
defect fromthe graph 1650' obtained fromthe above devi ses, an

appr dprachas iy dthe tardshiclon 1630 ks tsettHeranche dor iagiemees: dkgnal wavef orm
1620" as descri bed above, and the brightness peak 1611' and 1613" bel ow

t he t3KEsHE Pakdyl Werdetaddt &¢idhi tthenskdipt evrdayveFivgidtds L defect in that
the application anount of |iquid phosphor is snmaller than the

pr edé@gﬁﬂ fef VRS yalvasysanatdd utdiw ithe grsioste pasigitbinead j dentify a

def ect | t.hat the | icati on ambunt of |iquid phosphor is |arger
notl%e inspec emﬁppTh%s means éﬁat the ;Lfleé%ed[iight N in.g

the angular aperture from the groove bottom ?art 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.



than the predeterm ned val ue. Wien the application anount of liquid
phosphor is larger than the predeterm ned value, the surface shape of

| i qui d phosphor gets close to the flat 6 Septenber 2005 65&$&mﬂhﬁ9905and.
t he brightness signal obtained froma defective part is.larger than the

bri ghtness signal obtained froma normal part as described in Fig. 8.

‘Thus, by setting an appropriate second threshold 1631, and detecting the
bri ght ness peak 1614' above this threshold, the defect that the
application amount of |iquid phosphor_is larger than the predeternined

val ue can be identified. Description has been nmade above on the application
state of liquid phosphor applied to the substrate with at |east two kinds
of groove width are orderly constituted as shown in Figs. 4 and 16, and

si m | arlfgidisctateafiisd Sxpectnadt Hlorckdsh baulpsntaitte cgonetlitiuted wit h equal
groove wwdth as shown in Figs. 3, 5 6 and 15. Re%arding t he i nspection of

the diptdi@tdtorvtdicht & dfs hlagkead pho ol tHespt ived & |
ds of groove width orderly constituted as specifically
OF8, 1'h&14Agl & 2o git A EraBREEFr efthEc SR SOtSFL | num f or
ctian i determned by the formula 2 bel ow, where His the height
e(ﬂﬁ:all\k tﬁ‘e\/\/é’lnlguflcf'rrmaﬁge T Sr ,Ehgp Groqiife Rl @atei ght  of

| east two_ Ki
in Figs. &%f
"~ the ins

of

tH it o

phos%olrch 'ﬁeé‘c? I{[OIEe b\@ q%}%poefcéergs i%r %()_[Voeclge(%{ rgeyd t?'re partition wall

by carrying out the inspection at the angle of light
incidence/reflection o determinéd 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 détected. In the exXample
in Fig. 16, a defect in that the application amount 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

0 the substrate with at

shown



the groove forned of the partition walls w thout any phosphor applied
thereto. Here, as an exanple,. calculation is perfornmed anSépuemiss206Pti on
that the angul ar 6 Septenber 2005 - 55 aperture Ok is 0 by stopping the
di aphragm on the inage capture side to the last. 2(HH tan < 9 < _ tan
2H Lo By carrying out the inspection at the thus-obtained angle of Iight
i ncidence/reflection 0, the SSNratio sufficient for carrying out the
i nspection with high accuracy q@qyfq’obtained as descri bed above. Further,
as described above, in the calculation of the fornula 2, assunption is
made that the angul ar aperture Gk is O, but in reality, the predeterm ned
angul ar aperture Ok capable of capturing the light without fail is
pr esehiapeThasd ithet be ighirhkisei engnsiNobatiiaelds febtakned fieattike act ual
i nspection, the magnitude of the angular aperture Ck can be considered in
t he Perfulig 2arpgeraddieni dhe bheégbécend methed ebtedtiedeffrom decreasing N
~in order to inprove the SINratio includes limtation of the wavel ength of
t he PRIPEdt PeH Tl ghdessrbbegisdnniiior findefhusAsbdesetitbed above, the cause
of generating Nin the _
appropriate second 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 signal is the incidence of the reflected light fromthe groove
bott om part which need not be inspected, i.e., fromthe dielectric |ayer on
the i magi ng neans. The dielectric |layer contains nuch gl@Setanbg@ient as
contents, 6 Septenber 2005 - 56 and glass has the optical characteristic .
of easily absorbing the light having the wavel ength of 360 nm or under.
Thus, by using the light having the wavel ength of 360 nmor under in the
i nspection, the reflected light S fromliquid ‘phosphor can be obtained in
“an. equival ent manner to that of_ EE,?e_ conventional technol ogy while the
reflected light Nfrom the dielectric |ayer is decreased, and as a result,
the SSN ratio is inproved. The third nethod effective for decreasing N in
order to inprove the SINratio includes installation of the mask 2130

f or nexbpaaftwmardtieriizal0 ‘ofb i ewdppginty ekl edtsaheedm onhéhgr doves:  whi ch need
not be inspected as shown in Fig. 21. As described above, the cause of
genercaping N ¢ irle Heo itspelatston signal is the incidence of the reflected.
light fromthe groove bottom part which need not be inspected on the

i magi ng neans, Thus, by coveri ng the area for reflecting this reflected
light N by the magk,2. héﬁ{lectance only the reflected lights S
2110, 2111, 2xi2! k39<ftﬁr0 he |iquid phosphor 2100, 2101, 2102 and
2103 can be captured. with high €ensitivity, and the measurement signal

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 addition, 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, -



wavef orm 2120 of high S/N ratio can be obtained. The fourth nethod
effective for decreasing Nin order to inprove the SIN ratio includes
manuf acture of the substrate to be inspected so as to faeBéptemabe 2066

i nspection of liquid phosphor. Mre specifically, the substrate is 6

Sept enber 2005 - 57 manufactured so as to satisfy the inequalities 6 given
below, where His the height of the partition walls form ng the groove,
and HP is the surface height of |iquid phosphor. 0.6 < H,/H < 0.9 By
satisfying the inequalities 6, thecgeflected light S fromliquid phosphor
to be inspected is incident on the i magi ng neans even when the angul ar '
aperture of the imaging neans is sufficiently wide so as to inprove the

i nspection sensitivity, the reflected light N fromthe groove bottom part
© whi ch2Rge@l#df hesiHapeereicit Phacketebisthe pareasin.absmithsngand t he
angle of light incidence/reflection O at which the light is not incident
on t heRE bl Bewhsd clite peavekanaih sef . 366 pridvt iwrder { tTeusei ght H of

t he pﬁrtition maILs is equal to the surface height H of |iquid phosphor,
the i WWeVEtty beet htohbrhartay fhymasiengih  ofii 40 HHus phorunder be
inspecteg%becones too high b e grincjple of the inspection nethod of
the prseht TRVRREHOH de ?i%%%{% R, Lidghhd ¥ et ghtaw¥d the intensity

?ﬁ;é?ﬁ%gﬁ%éﬁﬁ §§£3§étgb§£iﬁéﬁfiAiéH“e&£§§£f%£%’é%éﬁ%?“té”éﬁggﬁ9f°“-the
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



incident on the light receiving el enent, and nmeasurenent of high accuracy
cannot be expected. The. fifth nmethod effective for decreasing N in order
to inprove the SINratio includes coating of a fluoresceriSétSeipdredder 2005
- 58 layer successively fromthe w dest groove when manufacturing the
substrate 310 constituted of the grooves of at least two kinds of the
wdth as shown in Figs. 4 and 16. As described above, a problemin that
the SSNratio in the inspection is degraded considerably occurs when the
reflected light from the dielectrgc dayer of the groove of |arge groove
width is incident on the inmagi ng means when i nspecting |liquid phosphor
applied to the groove of the small groove mﬁdth in the substrate 310

constituted of the grooves of at_|east two nds of_the mngéh Thus, the
f | uorEIRHRC nuaa;féir 5% a9 st Saldatfell If tHEPBOVE ST § HE TS g2 G %ove wi dt h,
and if I hosphar ected, .the refl fron1 l'iquid
phos Rﬁ?bgﬁ?@@tlgf % ed@ﬁfté lPﬁe |&§ '% mﬁﬁllg fhe reflected

ligh f b dth whi ch need
ot 158 né"Z‘Catnéﬁ 228 Pudeeu? ByBnbeBapt Fof % 25*98%%%9%; angl e of I ght

|nC|dence/reerct|on 0 which is not incident on the imging neans can be
easily set: In addition, when carrying out the inspection of liquid
phosphor appligdgto ﬁqq{qupgﬁ of the .small groove depth, the dried
fluorescent |ayer is ‘already _ '

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 aberture 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 E 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 inépected 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



coated on the groove of the |large groove width, and since this fluorescent
| ayer is lower in reflectance than the dielectric layer, the reflected
light Nfromthe groove which need not be inspected is deSspaastad 20den
i nspecting |iquid phosphor, and the SINratio is inproved. 6 Septenber
2005 - 59 In addition, the inspection nethod of the present invention is
characterized in that the imaging neans has a plurality of light receiving
el enents arrayed in a one- dinensional manner, this light receiving el enent
is disposed in the direction orthgganal to the direction of relative
novenent 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
light fromliquid phosphor is captured with the predeterm ned w dth, and
the tAVEAsSECessdNglyYi §ragedbpnvidestngpeeYeonlier FraEFachHbsPor as two-
di mensi onal inaﬁé'infornation. In addition, the signal groce sing neans in
the tREpEEPLESRaTEt KO8 6PNERetPF8LeRt LPRVERPPYBRSI ST cAhr ACREF Z¥E in t hat
bri ght.ness infornmati for a plurality of i hﬁ receiving el nts is
added06S Rdgd enVéP%ﬁtFSnSBBWEiﬁBd%B9gthé ?ﬂgg'ﬁg ngﬁn ?gﬁﬁagggveraged in
the arranging direction ﬁ]%h | i g receiving, ., el enents..apd.{he average
brigﬁ%ﬁggé §i§ﬁ8kﬁﬁgvéPo?.a aﬁhﬁegb_bfggﬁadlﬁytﬁgiﬁBSPﬁgtéSgréée val ue. By
| repl 389 L 2.ALEHAYELRY! 9RLIESS wikaNakMRYRI QLMY 15 ght £rom
~ the dielectric layer of the groove of large groove width is

incident on the imaging means when inspecting liquid

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 large groove width, and if
" 1liquid phosphor is inspected, the reflected light S from

liquid 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

inspection of liquid phosphor applied to the 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 layer is lbwer in reflectance than the

dielectric layer, the reflected light N from the groove

which need not be inspected is decreased when inspecting

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



t he above brightness signal waveform 660, etc. and performng simlar
processing thereafter, the application volune of |iquid phosphor applied to
the substrate shown in Fig. 5 can be nmeasured w th hi gh @ggias 20081 s
processing wll be described with reference to Figs. 5 and 22. As

descri bed above, the substrate 320 shown in Fig. 5 6 Septenber 2005 - 60
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 % ansverse ribs, liquid phosphor 2201,
2202, 2203 and 2204 is applied w different .application volunme 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

si gnal wavef acaiitd cobt aihred napecpdphngeahbeanbifomhktoperlynane pi xel in the
light receiving elenment of the imaging neans i mediately after applying

i quiihphosiohori s tdieimguarsitaedfin itglett cagt uredying tdearld ghits ar ecei vi ng

el enent becones the representative value indicating the application volune
of | iRfieR 1 Whosphdridpplicediving e egrepdvie dravvegl timassverese ribs, and the
application volume of the total |iquid phosphor cannot be neasured

cor r éd¥msnG ¥ongli gepnrEH; s g datBy tiseeiving ied emsritedtsediisrogied from t he

l'i qui pq?sphpr 2204 applied so that, for exanple,, the surface shape of
one hP&eﬁ e fl i Qdh qithogonal to the direction of relative

movement 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



~incidentally concave is captured at the position of the dotted line x, the
bri ght ness signal waveform 2220 indicated by the graph 2250 is obtained to
determ ne that. the total application volume of the appl§ sehtbhBet 205
phosphor is small, and if the reflected light fromthe |Iiquid phosphor
2201 applied so that, for exanple, the surface shape of one pixel in
question is incidentally flat is captured at the position 6 Septenber 2005
- 61 of the dotted line x', the total application volune of the applied
l'i quid phosphor is the value for_exgctly filling a space between the part
walls. To prevent this, and to nore correctly neasure the total
application volunme of |iquid phosphor applied to the groove 119 having
transverse ribs, the reflected light from the applied |liquid phosphor is
capt Ured FRe FuP9Vei bRt 15aving derangirrsofridet ) syhiarid ishe bri ght ness
thereof nmay be averaged to obtain the representative value indicating the
appl i SatFoiFERol TRt o e natkgipra el | 3 QUi anghbkhHgrowvbie FiggeciFical |y,
brightqﬁs iq&gr tionk%or a plurality of light receiving elements is
added® ‘?he ?lg‘??g}%l iRRRIRRAT ot amRlisGHC rdreidkaryeldifent s for i mage
i nformation . obtai ned by. the jnmagi means, and averaged for the width y
bet weah’ Phe %‘?I%Sé‘ﬁelﬁ%e‘gl%’x'i%%?%fpg?hﬁh%d??&]oc&%&wg F4¥3 a1t ai ning the
aver agge i SoPRes Al JBVALALI AR5 LIS B S ARD 2260 b

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



be perforned. In addition, this nethod can. naturally be wused in the
measur enent of the application volune of liquid phosphor, applied to the
grooves 115, 116, 117 and. 118 having no transverse ribssSédflembéroabove
description, it is assuned that each of a part of every liquid phosphor
applied to the grooves on the substrate is inspected in the direction
across the grooves forned in the substrate as the representative for each
6 Septenber 2005 - 62 groove which is the object to be inspected. However,
liquid phosphor is preferably igsg cted over the entire surface of the
substrate by using nethods such as ?1) of increasing the viewfield of the
i magi ng means, (2) of increasing the nunber of inmaging nmeans, and (3) of
-carrying out a plurality of inspections while changing the view field of
“the ivfading doklend tinone' subst riatteal cael iawpient edhlume additttieon, t he

i nspecting nmeans of the present invention has a neans of neasuring the
movi mPbeed bidiie phadishonties Hml Vaslwhafactetddtdd ifil itihatg tehe
application volunme of each |iquid phosphor can be neasured with high -
accurR3F iR porreheiyy ol uﬁl]cqle“d by the variance in the substrate noving
speed. The quyid phosphor application volunme can be neasured correctly
even by usih@EvE8 tatihiélry 2t &opdirgiov € oddissitriat degdgiegi h§eneans with

varl atnocteai nagp icasi%)c% rva'c;leuncl:earc:)ryl Pigqt?jpc?epqu%;;[kpoormap%sllirzagd ai':rz)y tei'i(epenSI ve

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



substrate carrying neans capable of carrying the substrate at the
predeterm ned speed by neasuring the substrate noving speed, and
refl ecting the obtained result in the neasurenment of thes $éfiethiserpbosphor
-application volunme for each groove. .Further, the neans for neasuring the
- substrate noving speed .of the present invention does not require any
special facility, but is capable of neasuring the substrate noving speed
by the brightness signal obtained to nmeasure the |iquid phosphor
~application volune, resulting in_nﬁ%mgste of 6 Septenber 2005 - 63 the
cost. Troubl es when the substrate ving speed. is fluctuated and specific
~renedies therefore will be described with reference to Fig. 23. As -
descri bed above, in the PDP, the fluorescent layer is forned at the
pr edetmmsratienedhiait ersydlhd pbildct Sassunedpdrdres .t hatowdve rsulisitonatde carryi ng
speed is constant. The brightness peak of the obtained brightness signal
wav efrdrafAPhndt vrslpse Bppddns latspdawt qubrdwdi dhentearbiade ey fame const ant)
corresponding to the space of |iquid phosphor. If assumng that the
substi WA ity had s wedthaskhstumit a2 hid) oy iigivmeess nedfeof t he
obt ai ned bright ness signal waveform agyears_at the interval different from
the it VEICH Pk d-ha H@GHESs vigansy of2)l icfuildgFisesmer thef t he above

operatign is.considered in thec{everse direction, it is _understood
n er of 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



that the substrate noving speed can be neasured by nmeasuring the interval
of the brightness peaks. In addition, it is concluded that, if the
interval of the brightness peaks is constant, the subst ra$etaara 200% speed
is also constant, and if the interval of the brightness peaks is in

vari ance, the substrate carrying speed is also in variance. A case wll be
considered below in that troubles occur .in the nmeans for applying liquid
phosphor to the grooves, for exanmple, no liquid phosphor is applied to a
certain groove, or |iquid phosphor_ of the anount bel ow the 6 Septenber
2005 - 64 predeternmned value i's Q%pTied, but the intensity of the
reflected light is low. In such a case, the reflected light fromliquid
phosphor is not extracted as the brightness peak, and the interval of the
bri ghtessogqpeaks is different from the predetermned interval nmip simlar
to the above case in which the substrate carrying speed is changed. As
descri bed Taloowd esi whiehe thet sabtsiton tef mbhénhr sghtdess fpeaksatkHe bri ght ness
peak at the point apart fromthe N-th brightness peak by the distance nip
for taved o eghit ies s engaliafsorohe ree faxta acitldd bes ddse (ikbel) «wtiktor i ght ness peak,
and these operations are repeated for all brightness peaks. Thus, if the
di st aiffee patcedip ta -brd3ht ness peaks is not nLp, the (N+l)-th brightness

peak cannot be recognized. Two kinds of determ nation are considered in
this Caseﬁsoﬁgspglbed above, in the PDP, the fluorescent 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
thé 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



that the appearing position of the brightness peak is deviated because the
substrate noving speed is changed, and the other one is that the

bri ght ness peak cannot be extracted because no |iquid phospepmembes 28ppl i ed
or the 1liquid phosphor application volunme is small. The latter is
attributable of defects of the substrate which is an object to be

i nspected, and NG nust be determ ned naturally. However, in the forner, no
defective parts are present in the substrate itself, and it will be a

m staken detection if NGis detergjyned here. This nmeans that, when the
interval of the brightness peaks 1s different fromthe predeterm ned 6
Septenber 2005 - 65 interval nmLp, it is necessary to correctly determ ne
whether or not the difference is attributable of any defect of the
substR R tgmingsl wariudes igprHedubstir dte dartepisidg vspdedhe For this

pur pose,. the substrate carryi nIg speed is nmeasured, and defects of the
subst’?edﬁ]ee‘?ﬁffblelgd‘é% il i 11 HaIGo A fpsespdde irefdscterandedt or no

def ec S of ].'Ehe_ ubstrate npy be determined if the substrate nmoving speed
is chéa’ﬁd‘édl q%lrci,pqﬁ?ﬁg’éﬁﬁ MRt heut Fart ertadtr Fhgy PREJRUBSST apeakcarrying
Cinder ot Rt E it e U BE S e A i add tFSPhUSEaR ed, e. g.
Changel SRR SR A B o Al S dRohPS 506 P Raibat ed by the
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

wéveform,is extraéted as the (N+1)-th brightness peak, and

these operations are repeated for all brightness peaks.

Thus, if the distance between the brightness peaks is 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



graph 2350 in Fig. 23 as shown by 2303,. and a plurality of brightness
peaks are continuously influenced (n, o and p: constant). On the other
hand, when no liquid phosphor is applied, or when the brd $gpesiss 208k for
t he groove cannot be extracted because the application volune is snal

the apparent brightness peak interval 2302 becones integral nultiple of
the predetermned interval nmLp. By utilizing these two different
characteristics, whether or not any defective part is actually present
when the interval between the brightness peaks is other than nlLp. This
means that there is a defective part 2310 if the brightness peak interval
is integral multiple, the substrate is determ ned 6 Septenber 2005 - 66 NG
regar di n 'é£ﬁ acceptance/rejection thereof. On the other hand, if at |east

one of AR obls thdteFeRS Y it redsr e ek detiasividie ivhaidien nt egr al
nultl | e of that the intervals of the pIurallt of brightness
peaks %rré %oﬁﬁ)rﬂb’{}%ﬁf‘?‘?ﬁ | erfdd Ftedi 9 s gy, dafqd d%eft éffi ned that no
def ec

resent_in the s strate though the substr(ie carrying

spee uc? ui’ﬂr tbef.tr‘f‘;‘hrglatrf't% i‘th nt r oduci ng
th th / b d f t b '

ole'tZrESn‘%‘”He'\ﬁl L TR RS ﬁcn%:te%e‘z’alsfts?ggtcﬁf %O CarIiTH Epeed. For
the cOmyQ@Ge: ofr i ARSGHLRL O AGRCTIRLON et TG n'nt/mnogr the case

in which the substrate carrying spe
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
r'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 peak 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
'appareht 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 betheen
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



suddenly reduced, but this nethod is also applicable even when the
substrate carrying speed is suddenly increased. As described above, the
met hod for calculating the substrate carrying speed by ttheemsergeal200bt ai ned
for measuring the |iquid phosphor application volume as a neans - for
measuring the substrate carrying speed for realizing an inexpensive
device. As a matter of course, an exclusive facility for neasuring the
substrate carrying speed. is installed for the substrate noving speed
measuring means, and the obtainedggubstrate carrying speed information is
input in the signal processing neans so as to be reflected in the
measurenent of the |liquid phosphor application volune. for each groove. In
this case, when the distance between 6 Septenber 2005 - 67 the brightness
peak NG sEHANA LRI} mEGatternes/ mpectien Sibsraht e Garths mspeed

informatjon, as indicated by the graph 2360 in Fig. 23 obtained by the
substkiaﬂ%' iah'ign]sepae%ﬂ O RluriRy FRIMASE QT efiert dda drighinssovi ng speed

i n R pRTE e 1 i STHA e Mout Ho e jeedtiiy, clthgets as Tshown by
2304 el Do, SSUSL TGS LAY o pelictive gart o present in fhe
PheStAT AN OISR IR SPORLLED [RO8 Ol Lo
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

in the measurement of the liquid phosphor application volume.

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



illum nating neans and the imgi ng neans, and the substrate to be
inspected. |If variance in speed is present in the noving neans for each of
~them the above speed corrective nethod will be an effedt SapteneaA805
Description is made above on the inspection nethod in the phosphor

i nspection step (1) 252 of the present invention. Description will be nade
bel ow on the inspection nethod in the phosphor inspection step (11) 25.4
with reference to Figs. 24, 25 and 26. At the tinme of. the phosphor
inspection step (l1) 254, a driedgfluorescent |ayer (hereinafter, referred
to as "fluorescent layer") is forned on the groove constituted of the
partition walls. The fluorescent layer is fornmed of fine particles mainly
consisting of fluorescent material in 6 Septenber 2005 - 68 a coagul ated

mannéfe &id 94 tngsge PRaMse i sofo Hiede tivey depdintervade Mgy médteon t he surface
of the layer. Wen the state of this fluorescent |layer is inspected by the
convEHPESRATe CEChIdPggyPeee infeomatdan gift 1242atedabvoléé to be
11 Sen oD A AN fleayy changes o Lhe Soun of ganosphor a5
' ggatE%F%§EQ%§QP%§%QZ&%?%%ge FQ%ﬁégiiu@i%zggﬁgx$£§££%$§£%ﬁ§%$%@kgghghomn in
Fig'ch%%ge%ﬂdi&hqsdhkkg&%ﬁ%%d Qhe&!qg&ﬁ%%%éc%i%%ﬁ%%r%?%@%%ni%he
‘present‘in 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



scattering light 2431 incident on the inmaging neans 2440 fromthe
fl.uorescent |ayer 2401 with the standard anmount of phosphor, the
scattering light 2430 incident on the imgi ng neans 2440 $eptemben @005

- fluorescent |ayer 2400 with the anobunt of phosphor |ess than the standard
val ue, and the scattering I|ight 2432 incident on the imgi ng neans 2440
fromthe fluorescent |ayer 2402 with the anmount of phosphor | arger than
t he standard val ue. Further,. when any fluorescent |ayer is not forned due
to defects, the incomng light is ggeflected by the dielectric |ayer 2450.
The dielectric layer. is fornmed of fine particles nmainly consisting of

gl ass pomder in a coagul ated manner, a |arge nunber of uneven parts are
formed on e surface thereof S|nllar to.the fluorescent |ayer, and the

li ght? scéﬁgl W't HEVE IRy, Larged b ede st ity Unegten P&66Si s i nci dent
on the i t enmber_ 2005 - ﬁg&f means 2440 This neans that, in the
convéntd aﬁmpt glqt?gygurqa}%e G |]1‘i°‘5fferfe i d%‘p‘?t #@%r i°dht ness i s

smal | ot chan n t he shape_of escen ayer as indicated by
the diFde DURER T hdbygh lrFedsrtﬁpeerFe it i ENERAR L s difficult. As

descdfé&qloai% tthtéel 2{%00 %dc ) 2tohe PDP i s )%CI g? ed to emt |ight by

irradiating raV|o ensit SSI ¥ is influenced by

the arRUHel orPHOSAOG a}dd“%% thSUR) o8 %9; 10 7l Akl Oh il 17 avi of et

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



rays and hi gher as the amount of phosphor is larger, and the intensity of
em ssion is |lower as the anount of phosphor is smaller. The inspection
met hod of the present invention utilizes this principle.cftahiumoon Fig.
25, when the fluorescent layer is irradiated with the light 2521 of the
wavel ength of = 260 nm or under for pronoting the fluorescence as shown in
Fig. 25, the intensity of the fluorescent photogenesis is different
according to the amount of phosphor.. Thus, the brightness of fluorescent
phot ogenesi s 2540, 2541, and 2542  §ncident on the inmaging neans 2440 is
hi gher as the anmobunt of. phosphor is larger, and | ower as the anount of
phosphor is smaller as indicated by the curve X in Fig. 26. Wen no
.fluorescent |ayer is formed due to any defects, no fluorescent

phot dtEEs| 514 Q. geRlefatBgananthehe inmghecapnuestipnpghtaebsobegvmes much
| ower. This means that,-in the 6 Septenber 2005 - 70 inspection nethod of
the griseitendRett it ohe tPOammiuet Pphdsprns iis mswddr 6@ Byreutilizi ng the
rel ationship, bet wee t he ampunt_of phosphor. and the intensity of

f | uord¥tEft 1hHdto % St R TRS G- defesst idre i e

Pl o Bee ™Yoy Er 8% o i 14 i RGUTHE Y dSibm AU RCaHED0 each of her
! J 0 each ot her

- as an exgnpl e for easy understanding.

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 fluofescent 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-



Fbmever, in practice, a plurality of fluorescent |ayers nust be inspected.

In order to carry out the inspection of all phosphors fornmed on the

substrate, the brightness of the fluorescent photogenesiGSepwmixe 206asur ed
while relatively noving the position of the substrate with respect to the
incomng light in the direction across the grooves forned on the
substrate. Detailed configuration of the device will be described bel ow
As descri bed above, the inspection of the fluorescent ‘layer is carried out
for every fluorescent |ayer applieggon the substrate to obtain.the

bri ght ness signal waveform 720 corresponding to the amount of phosphor of
fluorescent layer .as indicated by the graph in Fig. 7. This brightness

signal__waveform 720 is rmed normally if corresponded tq the part of the
f1 uorese ?ﬁt¥%§é?eE)oétﬁ£ tREﬁﬁégﬁPﬁPW%ﬂﬁﬁ?n*bﬁﬁﬁhfﬂﬁ§§ﬂsF@%al and the

smal | ' e (gnal are bt.ai ned fromthe grooves nd h including .

t he ilﬁ%%%g%fgﬁi%p@%e (}ab?y L2 qhaeyerrers]L A i%nf lﬁ%f%\ﬁeﬂ? tPF strandar;:l
anoungy, ,]aﬂg r-QQVes. . [ udin e uor escen
!ayersfgfﬁg_aﬂgngéé) .éh‘é?ﬁh%o%“%dﬁﬁﬁﬁFvﬁa§§1.e }ﬂﬁgfﬁﬁ%ﬁively, cand it
s shabrdfate fui ual St AANRERSI QM LNe L 9. 5 fan be obtained from
the grooves a, ¢, d, f, g, I, J and 1 aving no uorescent | ayer forned

t her gowsdldder€. in the bDbrightness signal waveform 720, the peak of the

bri ght ness :

In the above, description is made on a sﬁbstrate 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



.of a part corresponding to the position of the groove in which the
fluorescent layer is formed or should be forned are referred to as 710,
711, 712 and 713, respectively, and hereinafter, referraiSdpteniser 2005
"brightness peak™”. No fluorescent |layer is forned on the grooves a, c, d,
f, g, i, J and 1, yet. But in some cases, the fluorescent |ayer with

anot her color or other two colors thereon have already been forned due to
t he conveni ence of the step. In such cases, in order to carry out the

i nspection by paying attention to4enLy a certain color to be inspected, a
captured i mage wavel ength selecting neans is provided on the inmaging
means, and the inspection is carried out for the color to be inspected.
Accept ancel/r 'gction of the substrate to be inspected can be determ ned by
perfo ?ﬁ%ﬁstﬁ@ stfhal Oprivtes sty stamiard 2wewHatobfrhherhrwef@rdn obt ai ned
by the inspection nethod in the phosphor inspection step (1) 252 of the
preseﬁfm}ln Nt FORCYD® the? ¥ 6 sl Y1 gt Hes st ki conl et ayed® Sept enber
2005 - t he above inspection nethod. In addition, the

2. 0obt ai ned.
met hojc'ioio?mge%@%t“i%ﬁlgaﬁn@r%e’?%ﬁ%owgl‘ Li PP kel eSSBS sY oY, t he above
subst. €; L& I ed_can_al sp be .applied. An_inspection device for
SUDSt Ll o1 LS YL PRSEL: ca Al o 00 BPRLLEG., Aoyl epeet  on devi e fo
presenin | Y e O o M %Joxpetfggsé:f&p@gs V\é,t hc,r e&,erﬁncge, tJ(.), Fjl géng7l
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



Fig. 27 is a schematic illustration of the inspection device for realizing
the inspection nethod of the present invention. The inspection device of
the present invention basically conprises an illum nati ngSepbautser 2009 f or
allowng the incomng 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 neans 2720 for capturing the reflected |ight 2702
or the fluorescent photogenesis 2703 fromthe |iquid phosphor surface by a
predet erm ned angul ar aperture, angh a.signal processing neans 2731 for
processing the intensity signal of the reflected |light 27.02 or the

fl uorescent photogenesis 2703 obtained by the i mging neans, and the

i1l um nat.i ng, nean 2710 and the.imgi ng nmeans 2720 are fixed by an angle
adj u r{r?g‘“r‘?g’cr?é’nitzﬁ R ¢ dpah s o g t HE @dlghid e, IGhght

Lhe FETE T Blata e e TS a ™ e ety ok hadrgr tho
t i ti i i ed.out | t he- ph h i ti t I 252,
P &, AR st O M S R R el AR T o 0" py & er o] y
tisfi th Jl 2| H i.s t hei ght f th titi
val |5 con2Pi trPRETERE BeBSv8 el Feliiz B PRec ThEPHRE St he phosphor.
L. i seteh@ dMagidh 1ofe Tr[{é%lﬂ?ra%\(%iﬁﬁﬂ"%étth%tde% ©Ofnd rb%e%%rnttl L wglls with the

phosphor applied thereto, an
' 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 éﬁd ﬁhe.imaqing means 2720 are fixed by an angie
adjﬁsting méchanism 2743 capable of changing the angle of
light incidence/reflection 0 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



is the width of the groove constituted of the partition walls with the
phosphor not applied thereto. In addition, when the inspection nethod of
the present invention is carried out in the phosphor i nspegi¢mbergfep (11)
254, the angle of incidence O of the light and the installation angle 01
of the light receiving part 2721 need not be sanme. 2(HH tan' L " < B <_
tan' 2 La LR In addition, the phosphor form ng state for each groove over
the whole length in the substrate noving direction can be inspected for
the substrate 300 (or 310 and 320)7dHy noving at | east one of the

illum nating means 2710 and the inmaging neans 2720, or the substrate 300
(or 310 and 320) to continuously picking up the imge of the reflected

l i ght 702 rn th fluor scen enesi s 2703 t he | |n neans
27gOaQQ1 dg nn&%”t @9ﬁ}ﬁ§ﬁhﬁé$ﬁ€'ﬁegﬁ?ffffgxﬁh&aFﬁé eﬁgglng nmeans

avai 14k SR IR 2743@835&5 $R TR0 (GF ddtdols 310 and

220 A ST R I RIS T2 St hen R L EORRIAE LI oo
i nt engid piRl:padlr,OfL.t B8 ERE Rehed 5kgiaheogkabesdchsw@uted of

the partition 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



i magi ng neans 2720 is input in the signal probesSing means 2731 as imge
information through the signal transmtting neans 2732, and the signal
processing neans 2731 processes the signal, measures the Sdposiiee2065r m ng

state, and further determines non-defective products or defective

products. In addition, description will be made in detail on the
illum nating neans 2710 and the imagi ng neans 2720 of the inspection
device of the present invention. Firstly, the illumnating neans 2710

‘basically conmprises a |light sourceygpart 2711, a light ejection port 2713,

and a light transm ssion: part 2712 for connecting these conponents to
each other. In particular, regarding an exiting port 2713, the size of the

vt GO GRor ! @nhudnbrt Toft ] RO ica THGHESEURSD e shape
| ongi A GG 1Y 10 J608 i PRI BREFdia8 JLorRuA g |t he s! i
w857 T e SRR R R RE TReRBeeon i< carried
and R B AR Sl A AR sl DTRES abi y 't 1 east.

10 misg@ndifal éi@%m%%&%@e%ﬂ@éte%fgé%e doginRbed @ sufficiently

‘uni form manneér in order to carry out

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



i nspection with high accuracy. The light source part 2711 of the
illumnating neans 2710 includes a halogen |ight source, a netal halide
light source, a black |light source, a high-voltage nercu Septanier 2805

| ow-vol tage mercury |anp, and an exciner lanp, a light transm ssion part
2712 includes optical fiber, an exiting port 2713 includes a light guide
and a slit plate having an aperture in a material of |ow |ight
-transmittance ratio which are capabl e of disposing one side end of the :
optical fiber in the line and exitgng the light in the line. If the 1ight
source part 2711 and the light ejection port 2713 cannot be separated from
each other according to the kind of the |light source, the |ight

transm ssion part 2712 is not used, but the |ight ejection port 2713 may
be i rist2rdee HiFRetIIGe tHe FhyHte st cephritheALLt Jepddyiin on, eit her
of or_both of gqgjghf i ffusing . neans_ 2714 for brin the correlation'

bet wedtt t Hedt SR tHe Byrg s ad &seélstgfi)n]’?q]éf%r%porti onal
| at,i hi,p by diffusi th iti ljght. and the light. | ari zi
i r ection S5 dF1 Y SHEINS BP0 G901 1 BEETHGAIRS M ght i n the desired
| arg, zi i i.gn out of_ th iti 6 .Sept enb 0 - 76 light
P dars FEE SRR CE W il Blarelfr P R0 BRI OIS (he 11 gnt i1 the

gi?i{%E%%ﬁ#%qéékggjgkgﬁﬁ{iégb&fhc§he i nspection nmay be fitted to the

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



light diffusing nmeans 2714 includes a light diffusing sheet, and the |ight
pol arizing direction selecting neans 2715 includes a polarizing plate.
Next, a light receiving part 2721 of an imagi ng neans 27®Beptontmri2é@s | i ght
receiving el ements disposed in a one- dinensional manner, and includes a

- CCD line sensor canera and a photomal. In addition, the light receiving

part 2721 has a light converging part 2722 for focusing the image on the

| ight receiving elenment, and the |ight converging part 2722 has an i mage

capture angul ar aperture adjustingjygechani sm capabl e of adjusting the inage

capture angul ar aperture so as to satisfy the inequalities 4 below. A |ight

converging part 2722 includes an optical |ens, and the upper and | ower

l'imt. values ig@éhe ine,ualitieﬁlindicate the possible values realized in
Ot the' WPt |

a st o]pl ‘chhi : Efe]ﬁ%a‘?eprcad’éﬁb’%ealc%lﬁrﬁo%t_e.bﬂ nthe
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and the light polarizing direction 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 upper
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.



direction out . of the reflected light may be fitted to the |ight receiving

part 2721 in order to inprove the imge capture contrast by using only the
light in the desired polarizing direction in the inspecté Septenitee 200§ht

pol ari zing direction selecting means 2725 includes a polarizing plate I'n
addition, a received light intensity attenuating neans 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 |ight
receiving part 2721. The received kyght intensity attenuating nmeans 2724
may include an extinction filter, and the upper and | ower values in the
inequalities 5 are set so as to carry out the inspection with high

‘accuracy mh@Q<5pe:%@age capture angul ar aperture is in a range of the above
~inequalities 4.

OD520 A captured i nage wavel ength sel ecti ng neans 2725
for selecting the wavel ength of the light to be captured may be fitted to
the light receiving part 2721. The captured i mage 6 Septenber 2005 - 78
wavel engt s eldetitding, mans ght2pdinglivdesy eftdeealidi Idars-tigch as a col or
glass filter and a vapor deposition filter. Wen the above |ight receiving
part 1@¥is WAk al feadye bsct impgeh« aptgiie Wavelengtd sed esding fmchani sm the
i mge capture wavel ength sel ecting neans 2725 need not be provided.

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 set so

as to carry out the inspection with high,accuracy when the

‘image capture aﬁgular aperture'is in'a”range of 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 light receiving part 2721 having the inmage capture wavel ength sel ecting
mechani sm may i nclude a three-plate type CCD color |ine sensor canera. \Wen
i nspecting the phosphor formng state by the inspection asdphathepR00he
present invention, if the resolution in the direction orthogonal to the
arranging direction of the light receiving elenent of the inmaging neans
is too large for the wwdth of the phosphor which is the object to be

i nspected, sufficient brightness information cannot be obtained for the

i nspection. On the other hand, 4 f7ghe resolution is too small, brightness
"information obtained in the inspection of one substrate is too nuch, and
t he signal processing is burdened. Thus, at |east one of the scan rate of

the i [ .th f.relati t 3 310 320

i £ nPEehER TR ) SR IND! PERPRAETAq eSS EPLOPME NG (L AS8 ng means 2720

[ bl j ust ed t tisfy the follow [ liti 1,

wher BURP 65 MOPABET HRroR GF IERS PRSEny “FHafeCRMt LR (6 AR wi dih of the
' [ f L I ~th h hor .

0 SolPalineritoohe v T3ongs rebeluhRs Bl 20 Bl 4S8 A e advanconent

:58:%@%?%‘3%?"3&%1“& A AYEAMRLH eV SERING e ddangerent of the
capture wavelength selecting means 2725 need not‘be provided;
The light feceiving part 2721 having the image capture
wavelength selecting mechanism may include a three-plate
type CCD color line seﬁsor camera.

When inspecting the phosphor forming state by the
inspection method of the present invention, iflthe |
resolufion 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 bfightness
information cannot be obtained fer the inspection. On the
other hand, if the resolution is too small, brightness
information obtained in the inspection of one substrate is
.toe'much, and the signal processing is burdened. Thus, at
least one of the scan_rete of the imaging means and the
speed of relative movemeet 300 (or 310 or 320} with respect
to fhe illuminating means 2710 and the imaging_means 2720, is
'preferablyfa@justed 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.



and starting the image capture at good timng nmay be fitted to the

i nspection device of the present invention. The substrate advancenent
sensi ng neans 2751 nmay include a photoelectric sensor. $StSdplenhberd@y, a
substrate novi ng speed neasuring nmeans 2752 for neasuring the substrate
carrying speed and inproving the accuracy of the inspection my be fitted
to the inspection device of the present invention. The substrate noving
speed neasuring neans 2752 may include a contact type speed indicator and
a | aser Doppler type speed indicatgr. Next, description will be nmade on a
manuf acturing nethod of a display panel 'using the inspection net’hod of the
‘present invention with the back plate of the PDP as an exanple. In the
manuf act uri ng nmet hod of the present invention, at |east one of inspection
steps. of inspecting the formng state of |liquid phosphor or the

fl uorescents 4 ayerngby using the inspection nethod i mediately after a step
251 of 6 Septdéhber 2005 - 80 applying liquid phosphor between the
partition walls, or imediately after a step 253 for drying liquid
phosphor and forning the fluorescent |ayer. The object to be inspected by

the inspectio nethod of the present invention is not continuously
manuf act u Bda Lion, a substrate advancement sensing means 2751

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 edvancement 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 in&icator 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 en |
example. | |
In the manufacturing method,of 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



plastic film but separately manufactured for each individual |ike the
"back plate of the PDP. Thus, to keep the consistent inspection sensitivity
for each individual is to ensure the quality of every préosigémin2bodi gh
accuracy by the inspection nethod of the present invention. Here, the

el ement nost inportant for keeping the consistent inspection sensitivity
for each individual is the quantity of light for the inspection. For
exanple, if the substrate is inspected by the light of 50%the quantity of
the light used in the inspection gf the substrate inmediately before the
previous substrates, for exanple, within the manufacture lot, brightness
i nformati on obtained by the imaging neans is also about 50% of _ bri ght ness
information on the inspection obtained imediately before the previous

i nsp&HH oAt nIrhusTui deieriteorPofwede iepeett bhiwensitivityris a cl ear
byt PR hie 3T Eect i1 et haker | MEHaat GH OERPITT (Rt i ng
F?an%kﬂﬁﬁﬁﬁ?qﬁg?slQﬁﬁg%gf %effqgtion_characterispic of the inspection
i ght™1°s i cordt g'4% %t he i ndi vi dual difference, |ot nunber, 6
Septerber #0051 A1 Wkl RS Sleoly bhe qubsiraLe Lo be Lspected:
o der o sl L ey rio) o1 and 00431 A L e, ARS) 81 SRl L ASPer LT
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,



the quantity of light of the inspection light emtted by the illum nating
means nust be controlled. Quantity-of-light correction of the inspection
light will be described with reference to Fig. 28. Fig. @8eptanber 200®wchart
for showi ng the inspection nethod of the present invention and an exanple
of a quantity-of-light correcting nethod of the inspection light. To
q y- rg . . ) S
performthe quantity-of- |light correction, the target |ight receiving
uantity which is the target for quantity-of-light correction is
quantity ( . : . ! .
registered in the inspection devi (2820) in advance before starting the
reg ; P devl @9 |~ ; ;
i nspection (2810). After starting the inspection (2810)., inage of the
substrate'to be inspected is captured through the waiting state (2820)
after rtln the [ ectjon 2810). The obtained image signal is
6y, SEntinoa bbsera
proce§§3 S( 2846y, °AniP=attRptLALe BP pej dapPertefl. t heighbserate to be
i nspe det er m ned (585?% Ln addition, when processing the signal,
|nfor%%??gﬁagﬁothgbf%bﬂ?d ¥eFUEndMaaARYI RG2B6t AP n8d IERTERE-i ndPecti on of
the sybstra q 2 g % tro% quant i t of the illum nating
means 1§ ca gu%8%9§ ggiasp 8§ B a?ﬂg ﬂggabﬁn PFyCBPSF? RBtcl oser to the
targef,Li g@gloﬁeggh Pg. fpant it gg s f| in the inspection of
6 Septen% 2005 %5 vﬂ 9ne§t¥gu gt?g gtfﬁ gﬁleﬁgeFFFﬁnlnatlng
meansghs q&Qx@Ei@%'@ﬁ {288) o TRACCORSHABET ¥ CONG, B! D3PS
sensitivity can be obta?%ed by this quan %n ?8bﬁ %?ltk aPBY* LRE
~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 of the present
invention and an example of a quantity—of—light correcting
method of the,inspection light. To perform the quantity-of-
light correction, the. target light receiving quantity which
is the target for quantity-~of-light correction is 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 through
.the walting state (2820) after starting the inspection
{(2810) . The obtained image,signal is precessed (2840), and
acceptance or rejection of the substrate to be 1nspected is
determined {2850) In additlon, when processing the signal,
information on the light receiving quantity obtained in the
‘1nspectlon of the substrate is acqu1red (2871), the control
_quantity of the illuminating means is calculated s0 as to

obtain the quantity of light closer to the target light ‘

rece1v1ng quantity which is firstly sét in the 1nspect10n of



correcting nmethod irrespective of degradation of the illum nating neans,
-individual difference of the substrates to be inspected, |ot nunber, and
kind. Further, one of the large characteristics of the igSdpasibepnofet hod
of the present invention is that any groove and/or part with abnormality
in the phosphor formng state generated therein can be identified. Wen
any abnormality occurs in the phosphor formng state, the cause of
generation lies in the step 251 of applying liquid phosphor to the
grooves. In this step 251, three_kigads of nmeans for applying liquid
phosphor are well known as described above, and when any defective
application of |[|iquid phosphor occurs, the cause for defective application
lies in the position of ?enerating defective application and a part
corre%%%nﬂ?%g THeF BEDLE n (R LEH ki Madofhaehhsuminat heg meovoveiand part at
whi ch t he aPnornaIit in the phosphor formng state occurs can be
i dent PR EEC }?diéz%%%brst%%% copgtaphbycannaifbenfeherperhiorhe defective
application.is__ present in the |iquid phosphor applying nmeans and the part
| corre%%%%b?ﬁ%ﬂ?%e?%?g?ea%%t?ﬁ%e%aﬁ¥et?g? fiHenH&F¥cet vel9hppl i cati on can be
elimpated imediately.. This neans that, if the cause for generating the 6
Sept o e’fe%b%g-m%‘%“o%e%lé]é‘??l?/%c‘éb%?i%gt AeHradAbbt  be i Haft 1 ed in the
L1 qui gy 3 BRERPOLS 5 ARPLYL NY; NEADFaud Peat FERLOROL Lor gl Ml Nating Lhe

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



cause for defective application nmust be taken for all liquid phosphor
~application nmeans, and in the manufacturing nethod of the present
invention, the place in which the cause for generating tégepighiesR0os
application is present can be identified, and the treatnent for
elimnating the defective application my be taken to the identified part
of the |iquid phosphor applying nmeans. The treatnment for elimnating the
cause for defective application includes the rapid change of a nozzle, and
el imnation of nozzle stuffing bygan_ultrasonic cleaning machine if, for
exanple, the |iquid phosphor applying neans is a nozzl e applying method.
In addition, in the manufacturing nmethod of the present invention, the

groove and part_at which any abnormal ity in the phosphor formng state in
t he djgef%cﬁqﬁ/"ee SR dr Canifinthe i kEnbhii ehel Hdiect} valistibst rat e s

repair,ed, .and reconditioned as a non-defective product. Description wll
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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 i5 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



| ayer. In the defect repairing step (1) 261, defect position information
of the substrate 330 is obtained from the inspection device, the defect
repairing nozzle 2910 is noved to the position of the def ggted@@2008nd t he
liquid phosphor 2920 is applied to the defective position. This operation
is repeated until all defects present in the substrate 330 are repaired,
and when all defects are repaired, the substrate 330 is carried out to the
step 253 of drying liquid phosphor to formthe fluorescent |ayer.
Description will be nade on the defect repairing nethod when any defective
substrate is discovered in the phosphor inspection step (I1l1) 254 with
reference to Fig. 30. Wien ‘the inspection device of the present invention

det ecétSﬁ%Bd%ftﬁgﬁy&tg%e l}g Osth{ %)tg% Ssﬁljoxj Q%I Lf%itjﬂ,lg ade;‘_;;L (é)tljr]evsec farts 3001 and

3002 'wi e phos ond color coat ereon is carried in

t he C!Lgr%:eocxt r %ait'hiengi %.Ie (Ljelg)ai%g.%'sq Is.r%e%jhgg)' %%fleCtderM ring step (I1)

262, i rmati on on t he defect ositio t he dubstrate 331 is obtained

fromg e d NHPeGiih-49WC & e dehect tepaiyy NG Az 3018 dys moved- to
the position of the defect 3001, and the |iquid phosphor 3020 1s applied to

t he defectn RRIItIRN dethick ,0RAHAR S reiRReatRM nitdlle aldidefects present
in the substrate 331 are repaired,. and when all defects are repaired, the

substricateel t33kHeS peAfirdieth @t the e sitep 253 ehdrmtad ddquiui d phosphor 6
Sept enber 2005 - 85 : ' '
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



to formthe fluorescent |layer. |If phosphor for coating is still left, it
may be carried out to the step 251 of applying |iquid phosphor between the
partition walls. As described above, the, object of the premiembargfhtion
is to provide a manufacturing nethod in which the phosphor formng state
is inspected with high accuracy by using the inspection nmethod of the
present invention, troubles in the steps are rapidly repaired if defects
are continuously generated, the yield is inproved with degrading the yield
rate by repairing defective substrsdétes and reconditioning. themto

non-def ective products, and the substrate of high quality and high
reliability is manufactured. Enbodinent Details of the present i nventi on

VL 5 SR bR 508 APV 13k oTDRd FRBLBRAN e Lt eTodi fent of

t he presen inven a ba ate of was manufactured by

perf%ﬁﬁhﬂgl%%ky 1Ehﬁa&hg%pgg rlgﬁpgﬁk'gg $heP sl oW1t hgut performng the

phosphor i nspection s inthe step showmn in Fig. 2. A substrate

haV'Q&mhﬂﬁn%fQQﬁﬁidOEhb@?HNrd%che%howmel@aE&gilonsmaﬁjand 15 was used for
the objective substrate to be manufactured. A nozzle applying method was

used in the akepriBed ahodppl YhaJobijgdtdophesphpietenthengeaeies, and the
i nspection device shown in Fig.. 27 was used in the phosphor inspection
step ild o pﬂ@vﬁ@@t%nb@muZQQ&urlng 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 applylng method was used in the step
251 of applying liquid phosphor to- the grOQVes, and the
inspection device shown in Fig. 27 was used in the phosphor

inspection step (I).



- 8 In particular, the inspection device of the liquid phosphor formng
state will be described belowin detail. A halogen |light source was used
for the |ight source part 2711 of the illum nating means® XplgnbarB80%i ght

is led tothe light ejection port of the width of 0.5 mmx the | ength of
100 mm t hrough optical fibers, a diffusion plate and a polarizing plate
are provided on the light ejection port, the CCD I|ine sensor canera with
the light receiving elenments of 2042 pixels arrayed in the |ight receiving
part 2721 of the imaging nmeans 2780 in a one-directional manner was used,
a general purpose collective lens was used for the light converging part
2722, and the F nunber was determned to be set to 1.2 by a stop nechani sm

of the coli.egtdme diense, r@géaric}'ig}gagﬁﬁ)ﬂ -&@p&yrﬁﬁgpy&ﬁd aperture Ck.

Further, by maxim zing the stop of the collective e light of the

| nt enphb¥pRot FOWRIng haba ey caPast tyeof r1H8q! hONb.T ehely|0g; el egent of the
i magi ng neans is incident, and thus, the received Iight Intensity

at t ennaloggn neagst 2¢2dris hastabdedrhel one 1hgneokbeetiveal-gns7i9 attenuate
the intensity of the incomng light. A general purpose extinction filter

of ODpE Ohé hbumsesdtfng mdens eZPivedchéi ghghintensblyrat tgpuating neans
2724, In addition, regarding the angle of Ii1ght incidence/reflection O of
t he i htalnt ngd ¢¢ghon 2704t and tie wieth ested. bight x 2702 usegtinothe '
i nspection, the optinmm

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 capacity of

the light receiﬁing element of the imaging means isrincident,

and thus, the received light intensity attenuatiﬁg 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



6 Septenber 2005 - 87 angle of light .incidence/reflection O for the

i nspection was <calculated fromthe back plate design value and the inmage
capture angul ar aperture Ok, and the value was refl ected ¢ Tdpégueticn 2005
general purpose imge processor was used for the signal processing neans
2731 to process brightness information obtained by the inmaging nmeans 2720.
The detailed processing content includes the neasurenent of the
application volune of |iquid phosphor applied to the grooves wth al

| i qui d phosphor applied thereto frgm the brightness peak waveform obtai ned
fromthe CCD |line sensor canera, the setting first and second threshol ds
appropriate for the brightness peak waveform and the inspection that the
11 qui plication state of the grooves indicated by the

bri ghgﬁ%ggogggﬁ%lggoﬁ??h‘%e?%/s¥e?%@‘é’éiﬁfé‘ll & ofox heheringReriskon peak above the
second ihrfseold is defective. Further, in .order to carry out the
i nspettioh oF fha"ehis rrecuinataat edesive Sybderare Yoo WaJfoved, and a
i 1 AR E o R e T odie W o e OBt 14 TRBKTSATHY di rocti on of
U R T Rt T A CUTAG T Sl RS aae Sahd BT | Gt hetar | HFor mat i on
o der 1 > oy SAT 5 ‘oF § N I PEREEeT ot FutlB0S, can be obtained. in
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 camefa, 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 abdve the second thpeshold 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‘scanl
ratg was adjusted so that the sufficient inspection accuracy
is maintained,iand brighthess-infdrmation not to impose a.
burden on the signal processing méans can‘be‘obtainéd..
In order £o prevent. degradation of the inspecgion

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



accuracy attributable to the change in the substrate 6 Septenber 2005 - 88
carrying speed, a nethod was enployed, in which the substrate carrying
speed is calculated fromthe brightness peak interval oft Sdpéenirer gddness
signal obtained in the inspection. by the waveform signal processing nmeans
2731, and acceptance or rejection of the substrate 300 to be inspected is
~determined with reference to the obtained result. In order to inspect a
plurality of substrates at the consistent sensitivity, a nethod was
enpl oyed, in which the quantity-ofglight value is calculated frominmage
information obtained for each inspection of one substrate, the control
quantity of the illumnating neans is cal cul ated based thereon, and the
quantit%?of light |s corrected. In addition, when a defect occurs, the
YHe S(Lbf‘eef

cause~? ct? iNCRgs gap isdEhqYeed, it ihistteghis repaired, the
epai 1 e 0T S SN SRR (ot 40 S b o0 VO B Tat e, AS
oo e U PSR A LB O R L AT
o o L TS RS A A R S DL e L,
easy aé&éﬁg&s‘ir{d&%f %j‘gctti%% YOS stlﬂ)sttq:a{{g%’%ﬁ)t et% fbreor?r{sr]peected

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

grooves. which need not be inspected. Liquid phosphor was

applied so that the surface shape is céncave. The



grooves whi ch neéd not be inspected. Liquid phoSphor was applied so that

the surface shape is concave. The 6 Septenber 2005 - 89 correlation

bet ween the surface shape and the brightness is substantdiSdptegmber 2@ t i onal
by diffusing the incomng light, and increasing the inmge capture angul ar
aperture of the canera, and the inspection sensitivity could be inproved
even under the condition of small application volune. In the step of
applying liquid phosphor to the grooves of the substrate 300, coagul ate of
t he conposition of |iquid phospDOégmgs stuffed in one hole of the nozzle
for applying |iquid phosphor and defective application of |iquid phosphor
occurred, and this was detected by the above inspecting neans. Further, by
identifying the position of the defective part, the nozzle need not be

det ackeEdr Yo @n bedpplarcdthor fwrfaneerdisape drehrtitrey brainghttrhessstisf f ed hol-e of

the nozzle was ul trasonic-cleaned while the nozzle being fitted to the
appl i BEtDranghl he mmnerftdd redadut atief fwsing dimy ddycamichocdeigtrience of
continuous defects could be avoided in the mninmmdefect occurrence

freq VI3 G Hd S imaffm Gaadovie iy Ulork apRie wief exft ithee substrat e was
subjected to th efect repairing step (l), and reconditioned as a
non-o‘?ﬁ“é%’f%ea%fﬁ § At PaGt 1Y, E i headtleh kst iagpiapasy | qui d

POSAY b Q2YSR S N DY 23,200, 2, apngrml ¢ occurred i

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
ﬁeans. 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
removed, and occurrence of continuous defects could be
avoided in the minimum defect occurrence frequency and in

__the minimum recovering work. The defective substrate was
sﬁbjected to the defect repairing step (I), and

‘ fec0nditioned as a non-defective substrate.

In addition, in the step of applying liquid phosphor ﬁo
fthe,grooves of the substrate 300, an abnormality occurred iﬁ :
~ the set value of a pressurizing device of ‘the nozzlé
-applicator for épplying liquid phosphor, and defective

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



.the set value of a pressurizing device of the nozzle applicator for
applying liquid phosphor, and defective application occurred in that

| i qui d phosphor of the anpbunt 6 Septenber 2005 - 90 nor & Sdpaamlicdn 2005
specified value was applied, and this was detected by the above inspecting
means. Cccurrence of continuous defects could be avoided in a m ni mum
defect occurrence frequency and in a mninmumrecovering work by
identifying the position of defective parts and the application volune to
estimate the appropriate set val ueggf_ the pressurizing device, and
reflecting the estimation to the device. The defective substrate was
subjected to the defect repairing step (I), and reconditi oned as a non-
defective substrate. Variance in the substrate feedi ng speed of about +-
50% BRtSet'®y e eehtisdivslyr womtrnliansand the Mg er. carrying
machi ne_occurred duri t he, i nspection for a plurality of sets of liquid
phospAor SChTt R he P hsHERTT ol SRSt NSt T i e GHEMHHGE Migh accur acy .

bl B AP PELL0 IR LA LS Prompler o defect s, Lnthe
3 RO LI, P, VAR OL R D Lopled 07 Vel
carrigdootf ef0lg thee RIMALIdY Of suPstyale, Al SURStantd ally

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 operatién 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 plurélity Qf‘substrates at substantially
EcOnsistent sénsitivity.' |

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



.consistent sensitivity. The substrate to be manufactured was changed to
the substrate of different groove width by RGB |ike the substrate 310
shown in Fig. 4. Simlar to the above, the 6 Septenber 2@&eptenttikr 2005

i nspection was carried out at the angle of light incidence/reflection O
calculated fromthe back plate design value and the inmage capture angul ar
aperture 8k and optimum for the inspection, and high S/Nratio was
obtained, leading to easy classification of the grooves to be inspected
from the grooves which need not be.inspected. Simlar to the above,
defective application of |iquid phoSphor occurred, and was detected to
renove the cause for the defects, and the defective substrate was
reconditioned to a non-defective substrate. Next, for the second
enbodi-FERECBIORheapr egeniedi auentiobhe t egbubsfratghB820 havi ng the groove
with transverse ribs shown in Figs. 5 and. 22 was nmanufactured by the
manuf ABELAERGE ABE Rbachéenr @i pylcwlated ffren Enbddicemlatd madiwi case, a
bl ack I'ght for irradiating the light of the wavelength of mainly 360 rim
was ugéh foPREnENE| §REISOGREEUT pathypyan aperhere | §lumnhtomigimpans 2710,

and a_sli late was used for the |ight ejection port 2713, respectively,
and fhE %Pghfn?PﬁﬁEﬁ?gsi6%dp%¥?h2$ﬁ§ Wkl by et taneddi teahinda | aser

DOpplgg éXQ? éfgggikggéggégroﬁaghéng%@é&SQ Egrbéhfﬁspected 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 lasef Doppler type speed indicator was installed for the
substrate mbving speed measuring means 2752,
| Further, in this case, in order tolimprove the
inspection adcuracy, a method fbf determining acceptance or
rejection of the substrate was enployed, in which the signai

processing means integiates=brightness data for a plurality



substrate novi ng speed neasuring nmeans 2752. Further, in this case, in
order to inprove the inspection accuracy, a nethod for determ ning
~acceptance or rejection of the substrate was enpl oyed, i6rSeptunetier 20@5 si gna
processi ng neans integrates:brightness data for a plurality 6 Septenber
2005 - 92 of light receiving elements to obtain the average brightness
waveform As a result, the |iquid phosphor application volunme for the
substrate 320 was different for each cell held by transverse ribs, and it
was confirmed that defective partsg,can be detected with high accuracy by
averagi ng brightness information ?or 200 pixels of the light receiving
elements of the canera. It is also confirnmed that the S/INratio is. higher
t han t aL.bg t he i pspecti on net hod accordiﬁgito the first enbodi nent by
hel¥ih

usi ng® hf €61 Y Hed vt htofoBlenin e mthdamdpaiathitomsHere, in
the step of applying liquid phosphor to the grooves of the substrate 320,
tmentvaﬁ%fggmof the nozzle for applying liquid phosphor were
applicati g ¥ dRPedte d R EhERECs Qe BRBSBROPIC darT ed, and
ot or FY Bet T Tat S Ehate T1 (R HHaTE 160 T defi e TKbdtior at i on of the
step £hafsebeani pg,al | 0ol &s. And. ) e rned that defective 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%



“the nozzle could be changed. Further, the step could be stabilized by
changi ng liquid phosphor containing nuch inpurities with that of another
lot. I'n addition,, the defective substrate was subj ect ed Septetber d@fsect
repairing step (1), and reconditioned as a non-defective substrate.
Variance in the substrate feeding speed of about 50% 6 Septenber 2005 - 93
caused by the eccentricity of a notor shaft of the roller carrying nmachine
occurred during the inspection for a plurality of sets of I|iquid phosphor,

but the inspection could be carri out with high accuracy w thout

m stakenly detecting normal |iquid phosphor as defects with reference to
the substrate carrying speed information fromthe | aser Doppler speed

i ndicator. Next, as the third enbodi nent of the present invention, liquid

‘phospFotsf@RsLappte edrdentihie iy stf manuftact whafy ofetthed rod temt t he surface
hei ght of |iquid phosphor is 85% of the height of the partition walls
constFHEEY WP tichoveecusgred rByuing Ghte vigssresrfionngdrt kat the intensity
of the reflected |light S incident on the canera fromthe surface of

| i quikEPHOSPhOro GsS el ot dctauis mhasrtisdot dtnddie dowsieddriatl v i ncr eased,
and the SIN ratio was higher on the whole than that by the inspection

ot OB the S17SHE0 diiodi HRh i Mo U & HBHE TOMSGARAAT | of ¢ he

pres%ﬁétéé%%ﬁgiﬁgkmal liquid phosphor as defects with 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



the substrate of different width for RGB |ike the substrate 310 shown in
Fig. 4 was manufactured in the first manufacturing nethod. Liquid phosphor
was applied successively fromthe color of |iquid phospgeptsntes2e@pl i ed
to the w dest groove, ending by the color of liquid phosphor applied to
the narrowest groove. As a result, in the inspection of liquid phosphor 6
Sept enber 2005 - 94 applied to the narrowest groove, it was confirned that
the reflected light Nreflected fromthe w dest groove and incident on
the canera was consi derably reduced,in quantity, and the S/Nratio was

hi gher on the whole than that by thé inspection nethod of the first

enbodi nent. Next, as the fifth enbodi nent of the present invention, the
grooves whi ch need not be inspected in the first mnufacturing nmethod were
coverdPlied B chhomamionskt et yhed s ovashatordri raper tiireee itheopened onl y
for the roovg to be inspected was installed on the substrate to be

i nspet B CYRA ol 3N | re flemised oI gtk thiatetthenosfdeectred | ght N
reflected fromt h@}%r oove whi ch need not be inspected and incident on the
camer B Ro it det ABTANG et R GGl resdechd ns/aNandtiity was hi gher

0 A LIENLIE b Uhe Lhspection, el of he (1755, enbod ent.
inspection method of the first embodiment.

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



t he phosphor inspection step (I) was not perfornmed in the step shown in
Fig. 2, but only the phosphor inspection step (Il) was perforned to

manuf acture the back plate of the PDP. The substrate havig®eptditbegroo@ves of
the sane width L showmn in Figs. 3 and 7 was used for the substrate to be
manuf act ured. The nozzl e applying nethod 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
(I'1). Description will be made belgw in detail on the inspection device
of, in particular, the fluorescent |layer applying state. An exciner |anp
was used for the light source part 2711 of the illum nating nmeans 2710,
~and the,  light ejecti port 2713 and the light transm ssion part 2712
ver e detiached %Fqigﬂ¥)receiving el enents 2042 pixels were arrayed in a

e ST e A A S R AR N
oo T P R kot e teed R TRt T dRvrgi ng part
2722 2 PG Lok Lhoncrghe i, LGOI 0, dhe hncquigq LTont 2701
of t heniwegig-eans, for Sﬁﬁnﬂﬂﬂdﬂlnating 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



the light was set to be 30. A general purpose inmage processor was used for
the signal processing neans 2731 for processing brightness information
obt ai ned by the imagi ng neans 2720. The content of the sigBuptentfc@Co6Si Ng
and the substrate noving nethod are simlar to those in the first

enbodi nent of the present invention. In addition, in order to inspect the
fluorescent |ayer over the entire surface of the substrate to be

i nspected,. six canmeras were disposed continuously in the same direction 6
Sept ember 2005 - 96 as the groove el the substrate, and inmage information
.obtained fromeach canera was processed by each exclusive inage
processor. As a result, it was confirned that the phosphor formng state
can be inspected with high accuracy in the range of the whole anmount of
phosporilg tdiceavéreion tilnf |udnded ey tdnel dowadiet iiofocomatthenf | uor escent | ayer
application volume in nmanufacturing the substrate. Here, in the step of
appl yaep 1nefli B Ph oxpHorcans tehaasgraoes sefd e esgbsexattesioe, bubbl es
contained in liquid phosphor before application were discharged from one
hol e Y299 HE*HOFFIY for appl ying |iqui d phosphor, and the defect of
non-application of about 10 mnmin the sane direction as that of the
grooves olcud &S frhé tpHeSpRerIigngd kigtwhee abpeerbesd BYrIhBdi nspecting

means., Remai ni bubbl es wer e, . : : :
Stg%e can pe lnspectg§3w1th high accuracy in the range of

the whole amount of phosphor withéut 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.



forcibly discharged fromthe nozzle with the nozzle fitted to the
applicator, the subsequent steps could be stabilized wth a m ninm
restoring work, and the defective substrate was subj ect egkdpeenitite 2065 ect
repairing step (Il1) and reconditioned as a non-defective substrate. As a
matter of course, in order to control the quality of the products with

hi gher accuracy, both the phosphor inspection step (1) and the phosphor

i nspection step (I1) may be performed in the manufacturing nethod of the
present invention. 6 Septenber 2005 - 97 Fromthe above results, it is
confirmed that the present invention contributes nmuch to the inprovenent
of the vyield in manufacturing the back plate of the PDP. As descri bed
above, it is denonstrated that, in the mnmanufacture of, in particular, the
back pl at &€rofe the PDPye rheuilhspedti on pethodnaddtihhe tlmspecti on devi ce,
and the manufacturing nethod of the present invention are effective, and
t hes@r@serd] dorveflaom werity ibing erpamufcac ttor ¢hof ippoduemsntwbtfhthepattern
formed on the substrate represented by, for exanple, an LCD color filter
and &€ 1SRRG Wubsr dhe. backdideticab AR €BBI-1ity According to the
i nspection nethod, the manufacturin met hod and.the nmanufacturing device
of the préSeRESCR¥ERL aﬁ?vemltthéSngﬁmpaétﬁaFﬁ@ §haps ofnatkeread di spl ay

panegﬁ%ﬁ%%é¥%re 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.



the back plate of the PDP, the yield can be inproved w thout degrading the
yield rate, and the substrate of high quality and high reliability can be
manuf actured by inspecting the form ng state of a pl ural igSeptdmise60Df
phosphor formed in the predeterm ned grooves with high accuracy, rapidly
repairing troubles of the step whem ¢&dhti nuous defects occur, repairing
the defective substrate, and reconditioning the defective substrate into a
non- def ecti ve substrate. 6 Septenber 2005 - 98 Cains: 1. A display panel

i nspect canimethod for inspecting a plurality of fluorescent |ayers applied
to a substrate with predeterm ned intervals, the nethod conprising the
steps of: illumnating the plurality of fluorescent layers by illumnating
means, imaging the plurality of fluorescent |layers with imging neans,

noving a.subsHiapeaQrl phheli L hupteal bAOnEERNS EHE 1hSpcbPBghNg nMeans in a
direction across the plurality of florescent |ayers, neasuring bright and

dark signakg10tyf bHOFesELaicéAY el Syer AP i 84903 2 PEQSSSSLIAY FBANS, during
the noving step  neasuring an application volume for each fluorescent |ayer

from t hg aBasHLRdnSL IRt S1vATE, "BASURLPEo& NEohSE ALING SRECd: Obs the:
substrate to the
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.



i magi ng nmeans by a noving speed neasuring neans; wherein the signals
obt ai ned by the inmaging neans are corrected using the neasurenents from

t he nmoving speed neasuring nmeans, and the application vl Sspeniber 26@Lh
fluorescent layer is neasured based on the corrected signals. 2. A display
panel inspection nmethod according to%d a m1, wherein a roller is used in
t he above novenent. 6 Septenber 2005 - 99 3. A display panel inspection
met hod according to aim1, wherein the illumnating neans irradiates
ultraviolet rays of the wavelength of 260 nm or under on fl uorescent

| ayers, and the fluorescence photogenesis fromthe fluorescent |ayers is

captured by nhaikpREiNgafBaNSnshects &h SR @YoRaNE o+ ASRECEH o Bt hod
according to Caim1, wherein the noving speed neasuring means cal cul at es

the spe%ﬂerfeaarrthaelwhﬁmghﬁg ﬁ@&né'i‘ﬂa@&f%s'@l@fév%’i@ﬁ ned, by, # he

i magi ng means. 5. A display panel inspection method according to Caiml,

wher el nchbugLgReEnLchayer 568! fim) LALLM - o ﬁiégféycgﬁ@eia éassoecgfﬂcgn met hod

according to daim1, “wherein the inmagi ng neans mai nl tures the |ight

refl ect ege %guarégéépéthgﬁ%l ¥aSAOE: 8ne aé?éhflgﬁgége lt'fg feg, of - the

incomng |ight out o Ifradiated from i ng nmeans on

the f1upggsgent |ayers %ﬂggisglﬁgggg. ther eby.

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.



6 Septenber 2005 - 100 7. A display panel inspection nmethod according to

Claiml, whereinthe illumnating nmeans has a light diffusing neans for
diffusing the ejection light. 8. A display panel inspectigSepi@htedd005
according to Caim1, wherein the illum nating neans has a |ight

pol arizing direction selecting neans0for selecting the light of a desired
polarized |light direction anong ejection light. 9. A display panel

i nspection nethod according to Claim1l, wherein the shape of an ejection
port of the illum nating mneans for ejecting the light of the illum nating
means is slit-shaped. 10. A display panel inspection nethod according to

G aim9y, Whﬁr@hﬁphﬁﬁ wadeh ohsphersbht mb8hBd3aAPbeAiAY L aRT ) M or
under, and the |l ength of the slit is 10 mmor over and 1000 nm or under. 6

Sept enbgre2005 théo?tn%lnAt%ap}a@anaﬂsls bnwgﬁ%'aﬂf ]E-, AE&REding to
Caim1l1l, wherein the inmaging neans has a plurality o I ght receiving

el ement $5,.13 A, di; SB KPR %Et gﬁp hLen nethod according to Caim1l,
wherein ?ﬁe %naagnggneaﬁs urt Eﬁg ?he light receiving elenents arrayed

‘in a one-dinensional manner. 13. A di spl ay panel inspection nethod

according to Claim11,
8. A display 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 a signal processing neans adds signals of a plurality of |ight
receiving el enments of the inagi ng neans and averages them obtains a

si gnal peak for each phosphor fromthe averaged signal wavSdpdniber bR Ns
t he signal peak waveform for each phosphor by linking the signal peaks,
and neasures the application voluneldt each fluorescent |ayer fromthe
si gnal peak waveform 14. A display panel inspection nethod according to
Claim1, wherein the imging nmeans has a |ight polarizing direction
selecting neans for selecting the light of a desired polarized |ight
direction fromthe reflected light. 6 Septenber 2005 - 102 15. A display

panel inspechi @nspeLHOPanELol HiPpact 9ol Abfhdd a%@f@iﬁ?t@@ ¢ldum nating
nmeans irradiates ultraviolet rays of the wavel ength of 360 nm or under,

and t heyhgRgi At ABANSA Hﬁai\%aaﬁépﬁ%% ?iﬁféﬂ@ ?&frﬁi’ﬁh@cré@@i\‘f‘ﬁy&' engt h
of 360 nm or under. 16. di spl ay panel inspeciion nethod according to
Caimlgipbhgrein inequalities 1 are satisfied, where Ris the resolution
of the imaging neans, and L. is the width of the grooves which are forned
of partition walls with phosphor applied thereto. 3< L <10 R 17. A

di spl ay panel inspection nethod according to Claiml1,

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.



wherein the signal processing neans calculates the intensity of the

i nspection light incident on a substrate fromthe illum nating neans based
on the signals obtained by the inaging neans, and cor r e Septdgber 2005
illumnating means so that the intensity of the i nspection light in the

i nspection of a next substrate beeoiB8 the preset target value with
reference to the obtained intensity of the inspection light. 6 Septenber
2005 - 103 18. A display panel inspection nmethod according to C aim 6,
wherein a mask having an aperture only in a part with phosphor to be

i nspected present therein is installed on an inspection surface of a

substrate., 18. dAsgugg BY¥nPanehspBAYE B8Rt HELRIaMBERGE i hgctydingia 1di splay
panel inspection nmethod according to claim1, wherein ~an |nspect|ng nmeans

for '”SQ%EEEH the %@@hﬁﬁat%gmégf@ Qf_»raaw@é@%@@&ab%%@ 9999@@'
bet ween an appl yi ng step and drying step Is provided in the display

panel f h C S he p. n o} | yi ng
phosphgﬁﬁﬁn%ﬁfﬁ%b%ﬁ%{‘?& 2%@# T p‘ﬁ%%{% of . 0. A

di spl ay u rdin i
follomnﬁggﬁg qua F??gé g¥gggg?F2% ggg§heFeQ |Sg¥ghghﬁelg o?gtﬁ%
partitign g@é%§ formng the groove, and Hpo is the surface height of
phosphor. <'H/H < 0.9 6 Septenber 2005

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.



- 104 21. A display panel manufacturing nmethod according to Claim 19,
wherein a plurality of grooves have at |east two kinds of groove w dth,
and phosphor is applied successively fromthe groove of ¢ HMhse2b05
interval between the partition walls in the display panel manufacturing
met hod with the same kind of phosphd®3applied to the plurality of grooves
havi ng the same groove width. 22. A display panel nmanufacturing nethod
according to Claim 19, wherein an inspecting nmeans for inspecting the

appl i catiBon molupplel phgel! upepseendn! ayefnb8 4BE-HASRGCES OO a1t H0d
according to Claim1l, and inspects a part in which the fluorescent |ayer

emts thiekbght adhabRaBhvangubst 5BbethiSe OMIVtihNabyas: PRNEh. 23. A display
panel manufacturing nethod according to Claim 19, wherein a fluorescent

| ayer rgRakphBYg ABaBS ifs éeyégegreséﬂg the £l Horescent o1 BYQrof Sy epai red
based on the result of the inspection of the iInspecting nmeans. 6 Septenber

2005 - 1Q3pedtioA disphay pangl spBRpfacturing nmethod according to Caim

19, wherein an inspecting neans for 1nspecting the application volune of
the fluorescent layer is the inspection nethod according to Claim1, and
when defects occur the applying step are stopped and troubles in the

applyingggteg d%gﬁlgﬁpsgﬁgg'manufacturing method, including a

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



25. A display panel manufacturing nmethod according to Caim 19, wherein an
i nspecting neans for inspecting the application volunme of the fluorescent
layer is the inspection method according to Caimil, thes aqpinbér@0nsep is
a nozzle applying nmethod, and a nozzle is changed when defects occur. .
A di spl ay panel manufacturing nethedl@écerding to Claim 19, wherein an

i nspecting neans for inspecting the application volune of the fluorescent .
| ayer is the inspection nmethod according to Caim1l, and when defects
occur the «clogged nozzle is identified, and clogged thing of the nozzle

is removed by the vibration. 6 Septenber 2005 - 106 27. A display panel

manuf actur.i na devpeayf pankNspaatFAgt ariRgt h@tnoa%assr@ﬂn@ heo subsimat e
conprising a |ight |rrad|at|ng means for irradiating the light on the

pattern,;ig, aphkraghng g@aﬁ%glﬁeg HECEL¥LDEst HEvhi ght 1E690 £ pRLEST Hrand
outputtlng i mge signals, a nbving nmeans for relatively noving the

subst r at@ hQet e MBILAY FRAASHCR Hgvgﬁgl§eaeguc€§§§%éﬂgaf§&ﬂstﬂgr.

measuring the substfate to the imaging = nmeans asig processi ng

means f Fco%%r 8¢t 'tﬂ% Uiae‘s@a%te?{zgﬂ% Q¥ehhgh8b¢>3£19§ 1581 gLiyg gpeed and

conpari corrected inmage signals mnt a predeterm ned reference val ue,

and det C celrej I.OF a S n e

i 1 f er eﬁi%‘/ R I R T
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.



- 107 28. A display panel manufacturing nethod, including a display panel
I nspection nmethod according to claim1, wherein an inspecting steps for
i nspecting the application volunme of [|iquid phosphor betg@gferdber2p0$yi ng
step-and a drying step is provided, in the display panel nmanufacturing
met hod conprising the applying steplob applying a plurality of sets of
liquid phosphor with predeterm ned intervals on the substrate and the
drying step of drying liquid phosphor to formfluorescent |ayers.

24. 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, and when defects occur the

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.





