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

i nspection nmethod for carrying out inspection of a pattern fornmed, in
particular, on a substrate with high accuracy in a flat display panel
represented by a liquid crystal display panel (hereinafter, referred to as
"LCD") and a plasma display panel (hereinafter, referred to as "PDP").
Background Art In recent years, increase of the size of screens and
decrease of the size of pixels of a gpread display such as ~an LCD and a
PDP havé 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 p i nsuring the yield by including
i nspections and repairs in a naﬁ%%ggggF?hgestep of the flat display panel

to recondirsenag BRiRE! 'magp@@&ngaﬁE%Hagngp%ﬁ)@&}fgﬁe AR g#ggg%gi cular, in

order to inspect the application, “stat ﬁhosph ed to a

back plate of the PDP, ghgsi aenokQoychss! pn, for exanple, Japanese
Unexam ned Patent Application Publication No. 2000-131226 is applicable.

In this technology, the structure of a mneasurenent surface can be
i nspected by allowi ng the |ight
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, referred to.as “LCD") aﬁd a plasma display

' panel (hereinafter, referred to as "PDP").

Background Aft

In recent ﬁears; increase of the size of sereens 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 practice of ensuring the yield by including

inspections and repairs in a manufacturing step of 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 ﬁlate of the PDP,

the technology disclosed in, for example, Japanese



to be incident on the neasurenent surface of an object to be inspected by
| ight, capturing the reflected |light thereby, and neasuring the change in
intensity of the obtained reflected |ight.. Wien carrying out the above
inspection using the light, various optical conditions nust be optim zed
according to the structural characteristic of the object in order to

i ncrease the accuracy of the inspection. Specific optical conditions

i nclude the angl e of incidence, the angle of reflection, the wavel ength,
the intensity, the scattering, and phe polarizing direction of the |ight.
However, in the above conventional technology, any nethod for optim zing
the optical conditions according to the structural characteristic of the
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structural characteristic of the-object to be inspected,

and measuring the change in intensity of the obtained
_ reflected light. |

When carrying out the above inspection using the light,
various optical conditions must be optimized according to
the structural 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.

However, in the above conventional technology, any
method for optimizing the optical conditions according to
the structural characteristic of the ebject has not been
demonstfafed, 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
becomes 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



reflecting the determ ned condition in an inspection device to carry. out
the inspection wth high accuracy, inproving the yield w thout degrading
.the yield rate, and manufacturing a substrate of high quality and high
reliability. Di'sclosure of Invention In order to achi eve the above objects,
an inspection nethod, and inspection device and a manufacturing nethod of
a display panel of the present invention have the configuration described
bel ow. An inspection nmethod of a display panel of the present invention is
characterized in that an illum natin@ weans, an imaging neans, and a

si gnal processing neans are provided, bright and dark signals of
fluorescent |ayers are neasured while noving a substrate or the
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nmeasuring the relative speed of the substrate to the | maging neans.
reflecting the determined condition in an inspection device
to carry.out the inspection with high accuracy, improving

the yield without degrading the yield rate, and

manufacturing a substrate of high quality and high

reliability.

Disclosure of Invention

In order to achieve the above objects, an inspection
method, and inspection device andla manufacturing method of
a display panel of the present invention have the
configuration described below.

An inspection method of a display panel of the present
invention is characterized in that an illuminating means, an
imaging means, and a signal processing means are provided,
bright and dark signals of fluorescent layers are measured
while moving a substrate or the illuminating means and the
imaging means in the direction across a plurality of
fluorescent layers applied to the substrate with
predetermined intervals, and application volume for each
fluorescent layer is measured from the obtained signals.

Preferably, in the display panel inspection method of



Preferably, in the display panel inspection nethod of the present
invention, the illumnating neans irradiates wultraviolet rays of the

wavel engt h of 260 nm or under on fluorescent |ayers, and the fluorescence
phot ogenesis from the fluorescent layers is captured by the inaging neans.
~Preferably, in the display panel inspection nmethod of the present

i nvention, the signals obtained by the inaging neans are corrected by the
rel ative speed obtai ned by the noving speed neasuring neans, and the
application volune for each fluoresgent |ayer is neasured by the corrected
.signals. Preferably, in the display panel inspection nethod of the present
i nvention, the noving speed neasuring neans calculates the speed fromthe

interv 0 f res cent |Layer,§ obt ai ned by the i i ng means.
Pr ef er?ftfl Tprte%% o, 13 &fnﬁaﬁ‘e N ﬁr?ﬁeg?%ﬁen@%ﬁﬁ‘dl& hé%BF’ésent
i nventi emg orescent Iayers are liquid. Preferably, in the display panel

i nspection nethod of the present invention, the inmagi ng means mainly
captures th i €R k8ar d nt i al | a ngl e as the
angl e of |ngf§g%ggﬁépbtﬁg F§80§§%§£%§ ﬁ?ﬁ%ﬂ ngg%ﬁgio?lg%Fﬁ?geﬁgiated from
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Preferably, in the display panel i nspéection net d the resen
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diffusing the ejection light. Preferably, in the display panel |nspect|on

nmet hod thle imaging means.

Preferably, in the display panel inspection method of
the present invention, the illuminating means irradiates
ultraviolet rays of the wavelength of 260 nm or under on
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 signals obtained by the imaging
nmeans are corrected by the relative speed obtained by the
moving speed measuring means, and the application volume for
each fluorescent léyer is measured by the corrected signals.

Preferably, in the display panel inspecfion 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 metﬁod of
the present invention, fluorescent layers are liquid.

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 as



the present invention, the illum nating neans has a |light polarizing
direction selecting neans for selecting the light of a desired polarized
light direction anong ejection light. Preferably, in the display panel

i nspection nmethod of the present invention, the shape of an ejection port
of the illumnating neans for ejecting the light is slit-shaped
Preferably, in the display panel inspection nmethod of the present
invention, the width of the slit is 0.3 mmor over and 10 mm or under, and
the length of the slit is 10 nm of ®ver and 1000 nmor under. Preferably,
in the display panel inspection nethod of the present invention, the

i magi ng neans has a plurality of |ight receiving elenents. Preferably, in
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panel inspection method of
- diffusing means for diffusing the ejection light.

Preferably, in the display panel inspection method of
the present invention, the illuminating means has a light
polarizing direction selecting means for selecting the iight
of a desired polarized light direction 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 disélay 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 ovef and 1000 mm or under.

Preferably, in the display panél inspection method of
the'present_invention, the imaging means has a plurality of
light receiving elements.

Prgferably, in the display panel inspection method of
the present invention, the imaging means further has the
light feceiving elements arrayed in a one-dimensional manner.

Preferably, in the display panel inspection method of

the present invention, a signal processing means adds the



the present invention, the inmaging neans has a light polarizing direction
sel ecting neans for selecting the [ight of a desired polarized |ight
direction fromthe reflected light. Preferably, in the display panel

i nspection nethod of the present invention, the illum nating neans
irradiates wultraviolet rays of the wavel ength of 360 nm or under, and the
i magi ng neans mainly captures ultraviolet rays of the wavelength of 360 nm
or under. Preferably, in-the display panel inspection nethod of the
present invention, inequalities 1 arg satisfied, where R is the resolution
of .the imaging neans, and L is the wdth of the grooves which are forned
of partition malls mﬁth phosphor applied thereto. 3 < L> < 10 R
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panel inspection method of the present

peaks, and measures the application volume of each

fiuorescent layer from the signal peak waveform.
| Preferably, in the display panel inspection method of

Vthe present invention, the imaging means has a light

“polarizing direction Selecting meahs for selecting the light

of a desired polarized light direction from the reflected

ligﬁt.

Preferably, in the display panel inspection method of
the present invention, the illuminating means irradiates
ultraviclet 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 resolution of the imaging means, and Ly is the width
of the grooves which are formed of partition Walls with

prhosphor applied thereto.
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invention is characterized in that the fluorescent |ayers are formed by
application to a plurality of grooves forned of the partition walls, at

| east the reflected light at the -angle of incidence @out of the |ight
incident on the surface of the fluorescent |ayers at the angle of
incidence o is captured, and the angle of incidence O forns an angle at
which the reflected Iight at the angle of reflection 6 obtained by
allowing the light to be incident on a groove bottompart w thout any
phosphor applied thereto at the anrglie-of incidence O is blocked by the
partition walls. Preferably, in the display panel inspection nethod of the
present invention, the angle of incidence 0 satisfies the follomﬁng

|nequaI|t|e§rg %ggi§falhs Bheﬁ?gb ane ﬁé& t'ﬁﬂ%e ah rmng the

groove, H. F&®su elg osp or f the
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means anGuds i@ T on RS al@%?aﬂn%t@.'ﬁ%’f #ekllsl Hadeldn ohNdhe EAgrishlsum nating
nmeans and the imging means are installed so as to irradiate the 1|ight
.and capbid rdie byrage dhaldied n@kihsgt ahke cat@leetef 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 thé obtained intensity of the
inspection light.

| The display panel inspection method of the present
invention is characterized in that the fluorescent layers
.aré formed by application to a pluiality of grooves formed
of the partition walls, at least the reflected light at the
angle of incidence 6 out of the light incident on the
surface of the fluorescent layers at the angle of incidence
0 is captufed, and the angle of incidence 6 forms an éngle
at which the refiected light at the angle of reflection ©
obtained by éllowing the liéht to‘be incident on a groove
bottom ﬁart without any phosphor applied thereto at the
angle of incidence 0 is blocked by the partition walls.

Preferably, in the display panel inspection method of

the present invention, the angle of incidence-e satisfies
the following inequalities 2, where H is the height of the
partition walls forming the groove, Hp is the surface height

of phosphor, L. is the width of the groove formed of the



light incidence/reflection O at which the reflected light froma groove
bottom part w thout any phosphor applied thereto is bl ocked by the
partition walls. Preferably, in the display panel inspection device of the
present  invention, the angle of incidence 6 satisfies the follow ng
inequalities 3,. where His the height of the partition walls formng the
-groove, H is the surface height of phosphor, L., is the wdth of the
groove forned of the partition walls with phosphor applied thereto, and Lp
is the width of the groove fornmed-o8 the partition walls w thout . any
phosphor applied thereto. 9 2(HHp) 2H tan-' L c O< tan-' a LL
Preferably, in the display panel inspection device of the present
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visible [ight area. < OD < 2.0 The display panel inspection device of the

pr esent
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A display panel inspection device of the present
:inﬁention comprises an illuminating means and an imaging
means,land is characterized in that the illuminating means
and the imaging meaﬁs are installed so as to irradiate the
light and capture the image of the light at the angle of
iight incidence/reflection 6 at which the reflected light
from a groove bottom part without any phosphor applied
thereto is blocked by the partition walls.

Preferably, in the display panel inspection device of
the present invention, the angle of incidence 8 satisfies
~the following inequalities 3, where H is the height of the
partition walls forming the groove, H, is the surface height
of phdsphor, L, is the width of the groove formed of the
partition walls with phoéphor applied thereto, and ILg is the
width of the groove formed of the partition walls without

any phosphor applied thereto.



invention is characterized in that a mask having an aperture only in a
part with phosphor to be inspected present therein is installed on an

i nspection surface of a substrate. .A display panel.mnufacturing method of
the present- invention is characterized in that an inspecting neans for

i nspecting the application volume of fluorescent |ayers between an
applying step and a drying step is provided, in - 10 the display panel
manuf act uri ng nmet hod conprising the applying step of applying phosphor on
the substrate and the drying step-ob phosphor. Preferably, in the display
panel manufacturing nmethod of the present invention, the followng
fnequalities 6 are satisfied, where His the height of the partition walls
formng the groovqiﬁamq yp is thespurface height of phosphor. 0. 6 < Hp/H <
0.9 Preferably&mfﬁ—figrﬁdkﬁpimy4 el manufacturing nmethod of the present
-invention, a plurali of grooves~have at |east two kinds of groove w dth,
and phosphor is applied successively fromthe groove of the w dest

interval between the partition walls in the display panel manufacturing
met hod with_the s ki nd of phosphor applied to the plurality of grooves
havi ng t he §5ﬁ§e5$g§¥e Wrdthe Piapeép¥pPgnel ninpeeghspn agephael of
nanufagﬁuring ne%hod of .the g&gseng i nyention, an.inspecting neans for

i nspectigP ERE hppPVERLI8R v 6PEne Odfohags tnsruaddhicFadePPs t he

satisfied, where F is the F number of the imaging means.
= | 12<F <20

Preferably, in the disblay panel inspecticn device of
the present invention, the received light intensity
'attenuating means is provided, and the following
inequalities 5 are satisfied, where bD is the OD value of

the received light intensity in the visible light area.
03<0D<20

The display‘panel inspection device of the present
invention is characterized in that a mask having an aperture
only in a part with phosphor to be inspected present therein
is installed on an iﬁspection surface of a substrate.

A display panel.manﬁfacturing method of the present
invention is characterized in that an inspecting means for
inspecting the application volume of fluorescent layers

between an applying step and a drying step is provided, in



i nspection nmethod according to Claim1, and inspects a part
fluorescent layer emts the light at | east when a substrate is built

in which the
in by

‘a panel. Preferably, in the display panel nmanufacturing nethod ,of the

pr esent

and the fluorescent layer is repaired based on the result of the

i nspection of the inspecting neans. Preferably, in the display panel

invention, a fluorescent |ayer repairing - 11 neans is provided,

manuf acturi ng method of the present invention, an inspecting neans for
i nspecting the application volunme dfo the fluorescent |ayer is the
i nspection nethod according to aim1l, and when defects occur the

" applying step are stopped and troubles in the
vt Pl aribage sl AkaRRAC IR At AR e kb e P ot o

Ion, an'i1n I Ng neans

appl ying step are repaired.
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of

t he present invention, an 1nspecting nmeans for inspecting the application

vol ume of. theefbgbescent tﬁaeaigﬁlapepaﬁefF@gﬁﬁfgcaﬁﬁbﬂg REERLAI ng to

Claiml, the applying step is a nhozzle applying nethod,  and en defects
occur bifetbkoggedent invention, the following inequélities 6 are
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satisfied, where H is the height of the partition walls

forming the groove, and H, is the surface height of phosphor.

0.6 < Hy/H < 0.9

Preferably, in the display panel manufacturing method
of the present invention, a plurality of grooves have at
least two kinds of groove width, and phosphor is applied
successively from the groove of the widest interval between
thé partition walls in the display panel manufacturing
method with the same kind of phosphor applied to the
piurality of grooves having the same groove width.

Preferably, in the display panel manufacturing method
of the present invention, an inspecting means for inspecting
the application volume of the fluorescent layer is the
inspection ﬁethod 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

,of the present invention, a fluorescent layer repairing



- predet erm ned interval s on the su
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nozzle is identified, and clogged thing of the nozzle is renoved by the
vi bration. A display panel manufacturing device of the present invention
i nspects a pattern fornmed on the substrate, and is characterized in that
thi s manufacturing device conprises a - 12 light irradiating nmeans for
irradiating the light on the pattern, an imaging neans for receiving the
light fromthe pattern and outputting inmage signals, a noving neans for
relatively noving the substrate to the imgi ng neans, a noving speed
measuring neans for neasuring the sulstrate to the inmaging nmeans, and a
signal processing nmeans for correcting the inmage signals by the obtained
relati ve speed and conparing the corrected i mage signals with a

predet erm ned reference val ue,, and.detern ning acceptance/ ., rejection of
t he pa&fgb% ggsg§°3%%ﬁﬁé &i 5P§n%&F85?ﬁ5?Btng@YeFrgﬁ1ﬁFPﬁ1Fﬁg ref erence
val ue. [ ay.,panel n ur i, met hod of e present. _invention is
characpéﬁggzghi%h%hg%sgg%iﬁgggéfiﬁgggFSE%oPon %ngggFPﬁﬁkfﬂg appl i cation
volunem%%ngiquid phosphor between an applying step and a drying step is

provided, in the display panel manufacturing method conprising the
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the application volume of the fluorescent layer is the

inspection method according to Claim 1, and when defects

i

occur the aﬁplying 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 application voluﬁe of the fluorescent layer is the
inspeétion method according to Claim 1, the applying step is
a nozzle applying method, and a nozzle is chénged 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
removed by the vibration.

A display panel manufacturing device of the present
invention inspects a pattern formed on the substrate, and is

characterized in that this manufacturing device comprises a



Fig. 1is a schematic cross-sectional viewto si nply show the configuration
of a back plate of a PDP. Fig- 2 is a flowhart show ng an exanple of an

enbodinent. - 13 Fig. 3 is a schematic illustration of a substrate
havi ng. grooves. Fig. 4 is a schematic illustration of a substrate having
grooves of three kinds of groove wdth. Fig. 5is a schematic illustration

of a substrate having grooves with transverse ribs. Fig. 6 is a schematic
illustration of |iquid phosphor applied to a substrate having grooves so
that a surface shape is flat, and- brd ght ness signal waveform obtai ned by
an inspection nethod of the present invention. Fig. 7 is.a schematic
illustration-of a fluorescent I|ayer fornmed on a substrate having grooves,
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moving speed measuring means for measuring the substrate to
the imaging meéns, 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.
A display panel manufacturing method of the present

" invention is characterized in that an inspecting steps 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
s%ep 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.

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

embodiment.



application volunme thereof is VI. Fig. 11 is a schematic illustration of
the surface shape after application of |iquid phosphor when the

application volune thereof is V2. - 14 Fig. 12 is a schematic illustration
of the surface .shape after application of |iquid 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 imagi®g-neans. Fig. 15 is a schematic
illustration indicating Iiquid phosphor applied to a substrate having
grooves so that the surface shape is recessed, and the brightness signal
wavef or m ob ineg hy the spectlo nethod of the present invention. Fig.
16 is a scheémdti lﬁl&s?Fh@P&ﬁl n&l dHsitRG tirgued spkEdskEatapplied to a
substrg&gﬁ aV|qugIooves of three Kkinds of groove width so that the

surfac é%%ssed and the brightness signal wavef or m obt ai ned by

Tl Tustrati o ndredts N Srhsiasle dioRethon o5 au gt ter acted i n an
angul am, o AREJ tdgcfoxiéso@@ tq{r%%vqclqlo&st U Sd’irooqpee Hadife-angl e of 1ight
Fig. 5 is a schematic illustration of a substrate

having grooves with transverse ribs.,

Fig. 6 is a schematic illuétration of liquid phosphor
applied to a subétrate having grooves s¢ that a surface
shape is flat, .and brightness signal waveform obtained by an
inspection method of the present 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
relationship between the surface shape (application volume)
of liquid phosphor and the intensity of the reflected light.

Fig. 9 is a schematic iilustration the surface shape of

. the groove when any liquid phosphor is not applied.

Fig. 10 is a schematic illustration of the surface
shépe after application of ligquid phosphor when the
application 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.



incidence/reflection A°. Fig. 18 is a schematic illustration indicating the
state of the reflected light reflected in an angular aperture fromthe
surface of liquid phosphor at the angle of -- 15 1ight

i ncidence/reflection. 01. Fig. 19 is a schematic illustration indicating
the state of the reflected light reflected in an angular aperture from
the surface of the groove bottomat the angle of |ight

i ncidence/reflection 0. Fig. 20 is a schematic illustration indicating the
state of the reflected light reflectigddn an angular aperture fromthe
surface of liquid phosphor at the angle of I|ight incidence/reflection O.
Fig. 21 is a schematic illustration of a mask for blocking the reflected

i ght f whi ch d t b i ted. Fig. 22 h t
iI?ustr2??L§rOOV??anhgpﬁgﬁgﬂafgapb$%859?5§§°§U%Et%ﬁ%eS%atgﬁg orooves wi th

t ht t d b t
ransvegse ribs., @ g& ﬁ?gﬁ%|o§| rn1o ﬁgh& y an inspection

di rect Fon of “the pr ©c illustration

i ndi cat, _1E%%105¢5%ﬁ %sghgrgg%wg%nvgrlghtness S|gnal wavef or m obt ai ned

by. the inspection and the Substrate carrying speed. Fig. 24 is a

schemat ¢ Likyot {3l onal B0hGALLRY 10FusPELESLR! EnflchbenbERECt on of @

fluorescent |ayer
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 ratioc of an imaging means.

Fig.A15 is a schematic illustration indicating iiquid
phosphor -applied to a substrate having grooves so that the
surface shape is recessed, and the brightness gignal
waveform obtained by the inspection method of the present
invention. |

Fig. 16 is a schematic illustration indicating liguid
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 invention.

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 0°'.

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



refiected light. Fig. 25 is a schematic illustration indicating the
principle of the inspection of a fluorescent |ayer by fluorescent

phot ogenesis. 16 Fig. 26 is a schematic illustration indicating the
rel ati onshi p between the anmount of phosphor applied to grooves and the
intensity of fluorescent photogenesis. Fig. 27 is a schematic illustration

of an inspection device for realizing the inspection nethod of the present
invention. Fig. 28 is a flowhart showi ng an exanple of correction for the
quantity of light. Fig. 29 is a schamtic illustration indicating a step
of correcting defects in |iquid phosphor in a manufacturing nethod of the
present invention. Fig. 30 is a schematic illustration indicating a step

of corr i defects jin the fluopescent |ayer in a manufacturing nethod
of the1%%%%2%f“ﬁﬁ@@ﬁ?ﬁgﬁfEﬁgFéPQn@e'Nunerals 10: PDP 11: back plate of PDP

Goo Leont PEabe 96 PP 0flenglPe®: PYRSEESE fon' s BURE RSSO0t rode 102
state of the reflected light reflected in an angular |
aperture from the surface of the groove bottom at the angle
of light incidence/reflection 9.

Fig. 20 is a schematic illustration indicating the
state of the reflected lighﬁ reflected in an angular
aperfure from the surface of liquid phosphor at the angle of
light incidence/reflection 6. -

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

Fig. 22 is a schematic illustration of liquid phosphor
applied to a substrate having grobves with transverse ribs,
and brightness sigﬁal waveform obtained by an inspection
direction of the présent invention.

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

Fig. 24 is a schematic illustration indicating the

_pr;nciple 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.



[
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103: partition wall 104: red fluorescent |ayer 105: green fluorescent

| ayer 106: blue fluorescent layer - 17 107: display electrode 108:
dielectric layer 109: protective |layer 110: plasma 111: transverse rib
'115: groove of groove width L formed by partition walls 116: groove of
groove width L1 fornmed by partition walls 117: groove of groove width L2
formed by partition walls 118: groove of groove width L3 fornmed by
partition walls 119: groove of groove width L fornmed of partition walls
and transverse ribs 120: cell 210:16step of cleaning and drying a gl ass
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

'forning a f%¥8f958e9§ éaggﬂe£§%¥§e9118g££é%igg Xﬁ%igﬁting the
| relationship between the amount of-phosﬁhor applied to
grooves and the intensity of 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 quéntity of light. |

-Fig. 29 is a schematic illustration indicating a step
of correcting defects in liguid phosphor in a manufacturing
method of the 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: pPbPp

11: back plate of PDP

12: front plate of PDP

100: glass substrate

101: address electrode

102: dielectric laYer

103: partition wall

164: red fluorescent layer

iOS: green fluorescent layer

106: blue fluorescent layer



251: step of applying liquid phosphor between partition
i nspection step (1)
phosphor inspection step (11) 260:
261: defect
substrate having grooves 310:
wi dt h 320:
substrat e havi ng def ect
| ayer
normal Iy applied to each groove 601, 1501, 1601, 2101:
havi ng portion

phosphor

phosphor
-300:
of .groove

fl uorescent
phosphor
phosphor

wal | s 252:

| i qui d phosphor drying step - 18 - 254:
step 260 of repairing defect portion of
repairing step (1) 622: defect repairing step (I1)
substrate having grooves of three kinds
substrat e- having grooves with transverse ribs 330:
in liquid phosphor 331: substrate having defect in
600, 602, 1500~ 1%02, 1600, 1602, 2100, 2102: liquid
liquid

not applied to grooves 603, 1503, 1603, 2103:

253:

| i qui d phos [ j houl d,. have been applied to grooves, but not applied
thereto.610?8212&@%§26§ ig%EFpiéio, 1612, 2110, 2112: reflected |ight

bri ght ness Kk . Su

reflected I?gﬁf %??g%%ﬁgéé %égég

portion not;o8pPPhiEfeLPiGE0PYESY
110:
111:

. 115:

116:

-

walls

117;

walls

118:

walls

119:

of liquid phosphor 611, 1511, 1611, 2111:
fromthe surface of |iquid phosphor having

plasma -
transversé rib
groove of groove width L formed by partition walis
groove of grdove width L1 formed by partition

groove of groove width L2 formed by partition

width L3 formed by partition

groove of groove

groove of groove width L formed of partition walls

and transverse ribs

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

251:

walls

252:

253:

cell F

step of cleaning and drying a glass substrate

step of forming a straight pattern electrode

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

phosphor inspection step

(1)
liguid phosphor drying step
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613, 1513, 1613, 2113: reflected Iight brightness peak from non-applied
l'i qui d phosphor 620, 720, 1520, 1620, 2120: brightness signal waveform
630, 632: extracted value of reflected |light brightness - 19 peak fromthe
surface of liquid phosphor 631: extracted value of reflected |ight

bri ght ness peak fromthe surface of |iquid phosphor having portion not
applied to grooves 633: extracted value of reflected |ight brightness peak
fromnon-applied |iquid phosphor 640, 740: brightness peak waveform 650,
750, .1630, 1631: -threshold 660: grapk show ng brightness change at the
position of the dotted line s 670: graph show ng brightness peak extracted
from brightness change at the position of the dotted line s 700, 702:

fl uorescent formed in eachg¥ﬂroove 701: fluorescent |ayer

formed in t%%g nﬁ%agéﬂgllf?ﬁ%%Ct%%% ghehd val ue 703: fluorescent | ayer
bri ght ness REk GFoF 260 cebehEPpHEFBBEIREIST RIT T TRrebdeh Ry 711,
bri ght ness pggk 9L rLLbOLESGEPLnghOLGFRER'S Of
'622: defect repairing step (1I)
300: substrate'having grooves
3i0: substrate having grooves of three kinds of groove

width

. :-f'l

320: substrate having grooves with transwverse ribs
336: sﬁbstrate having defect in liquid phosphor
331: substrate having defect in fluorescent layer
600, 602, 1500, 1502, 1600, 1602, 2100, 2102: liquid
phdsphor 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
light brightness peak from the surface of liquid phosphor
611, 1511, 1611, 2111: reflected_light brightness peak
ffom the surfacé of'liquid phoséhor having portion not
applied to grooves
613, 1513, 1613, 2113: reflected light brightness peak
| from non-applied liquid phosphor
620, 720, 1520, 1620, 2120: brightness signal waveform

630, 632: extracted value of reflected light brightness



fluorescent layer fornmed in the amount | ess than the standard value 713:
bri ght ness peak of fluorescent photogenesis of non-forned fluorescent

| ayer - 20 730, 732: extracted value of brightness peak of fluorescent
phot ogenesi s of fluorescent |ayer 731. extracted val ue of brightness peak
of .fluorescent photogenesis of fluorescent |ayer forned in the anount

| ess than the standard val ue 733: extracted val ue of brightness peak of
‘fluorescent photogenesis of non-formed fluorescent |ayer 760: graph
indicating brightness change at the ppsition of the dotted line t 770:
graph indicating brightness peak extracted from brightness change at the
position of the dotted line t 900: groove section w thout any application
of phosphor _ 901: part capable of reflecting the reflected light wthin
angulaP?@ﬁbFFﬂWbt@@ &P65@€e1@6011§@éﬁ|@ﬁ %PFqU|d phosphor of concave
surface 2% par 8 ﬁ reflecting the reflected light wthin
angul ar apePfife eﬁ rFFgﬁ dvp B%pﬂgrrSflESEﬁgvélggﬁrPééghIEQQS Begki on of

| i qui d " phos hor | at rface 01: par capabl e of, reflectlng t he
reflecggﬁq it qﬁ i © dﬁﬁ&ﬁdaﬁ &) %Q|%$% &°%f flat surface

applied to grooves
©33: extracted value of reflected light brightness peak
from non"applied liquid phosphor

640, 740: brightness peak waveform

£ kY

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: fluorescent layer which should have been formed in
" grooves, but not formed
710, 712: brightness peak of fluorescent photogenesis
of fluorescent layer |
711:‘brightne55‘§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 fluorescent layer



1200: section of liquid phosphor of convex surface 1201: part capable of
reflecting the reflected light wthin angular.aperture of |iquid phosphor
of convex surface. 1300, 14011 1402, 1403: parallel light - 21 1301, 1302,
1303: .diffused light 1301', 1302', 1303, 1401', 1402', 1403 : reflected

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-flat surface with
respect to substrate surface 1426: 2gval | imaging angul ar aperture 1421:

| arge i magi ng angul ar aperture 1550: graph indicating brightness. change at
~the position of the dotted Iline u 1610', 1612': reflected |ight brightness

k f hgsph f f tj ni le of
ni dencel r SPRCUTBh BRCPRGRELELIo0 bl PELCBRBSTFGNESBE Bht ness peak from
th tion t
L Fer S eren' BCLARARIY e 19 POBERRPALGREOMH O 0o8a00veS
refl-ected | Lght B&tQQE’E@éSvQE&E SEOBL09REABRLT £8ak 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 filuorescent laver

760: 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: gfoOve section without any épplication of phosphor

901: part capable of_réflecting the reflected light
within angular aperture of groove

1000: section of liquid phosphor of concave surface

1001: part capable of reflecting the reflected light
within angular-aperture of liquid phosphor of concave
surfage

1100: section of liquid phosphor of flat surface

71101: part capable of reflecting the reflected light
within angular aperture of liquid phosphor of flat surface

1200: section of liquid phosphor of convex surface

1201: part capable of reflecting the reflected light
‘within angular aperture of liquid phosphor of convex surface

1300, 1401, 1402, 1403: parallel light



i quid phosphor after optimzing the angle of incidence/reflection of
light 1614': reflected light brightness peak fromthe surface of liquid
phosphor-applied nore in anmount than appropriate - 22 value after

optim zing the angle of incidence/reflection of [|ight 1620': brightness
signal waveform after optimzing the angle of incidence/reflection of

i ght 1650: graph indicating brightness change at the position of the
dotted line v 1650': graph indicating brightness change at the position of
the dotted line v after optim zing the -angl e of incidence/reflection of

| ight 1700: state of incidence/reflection of the light at angle 0 by
groove bottom part 1800: state of incidence/reflection of the |ight at

angle 0 ui (o] SUE tate of incidence/reflection of
the |ight a%gbghg?38% b£98$00§%Eg%§?é p%? 2000: state of

|nC|dence/r?§bfct|9?0§f tf@OP*9h14 apg?gréf Xo%tquLgfggggggor surface

2130: mask forned maf eri a om/flgh ance gr aph
i ndi catijpgebri ght ness change at the position of the dotted Iine w 2200:
| i qui d phosphor applied different in anount for

1310: light diffusing means
- 1320: imaging means
1330, 1430: completely flat surface with respect to

substrate surface

I
\l—vs"

1331, 1431: area including a part of completely flat
surface and non-flat surface with respect to substrate
:surfape

'1420: small imaging angular aperture

1421: large imaging angular aperture'

1550: graph indicating brightness_change at the
position of the dotted line u ’

1610', 1612': reflected light brightness peak from
_liquid phosphor sufface after optimizing the angle of
incidence/reflection of light |

- 1611': reflected light brlghtness peak from the surface
of liquid phosphor having non-applied portion to grooves
after optimizing thé.gngle of inéidence/reflection of light

1613"': reflected light brightness peak from non-applied
ligquid phosphor after optimizing the angle of
‘incidence/reflection of light

1614": reflected light brightness peak from the surface

of liquid phosphor. applied more in amount than appropriate



each cell 2201: liquid phosphor of flat surface applied to cell 2202,

2204: liquid phosphor of concave surface applied to cell - 23 2203:

| i qui d phosphor of convex surface applied to cell 2250: graph indicating
bri ght ness change at the positions of the dotted |ines x and x' 2260: graph
i ndi cating brightness change obtained by averaging signals for width y
between the dotted lines x and X 2210: reflected |ight brightness peak
fromthe surface of |iquid phosphor of concave surface 2210': reflected

l'i ght brightness peak fromthe surfa&= - of |iquid phosphor of flat surface
2211: reflected |light brightness peak fromthe surface of |iquid phosphor
obt ai ned by averagi ng signals 2220: brightness signal waveform obt ai ned

f | ,qui .Of . f h 2220%1: hright [ I
el of B ALY PRS0t T Al eNer OB LAEGHeRar! hed Ehapeodst. O

brightgg%?tsignal wavef or m obt ai ned by averaging brightness signal by
predeterm ned wi dth 2300: brightness signal waveform when the substrate

carrying spegédgis B?@BH@ﬁeg§oéigﬁé&gmﬁggférﬂeéktggtSﬁfﬁﬁiziﬁg the
angle of ihcidence/reflection of light |
1650: Qraph indicating brightness'change at the
position of the dotted line v |
1650": graph indicating bfightness 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 6 by groove bottom part
2000: state of incidence/reflection of the light at
angle 9 by liquid phosphor surface
' 2130: mask formed of material of low light reflectance
2150: graph indicating bfightness change at the
position of the dotted line w
2200:'liquid phosphor applied different in amount for
each cell
| 2201: liquid phosphor of flat surface applied to cell
2202, 2204: liquid phosphor of concave surface épplied
to cell



s

2302: apparent brightness peak interval 2303: brightness peak fnterval when
the substrate carrying speed is changed 2304: period in which the
substrate carrying speed is - 24 changed 2310: defect point 2320:
substrate carrying speed wavef orm 2350: graph indicating brightness signal
wavef orm when the substrate carrying speed is changed 2360: graph
i ndi cating substrate carrying speed waveform 2400: fluorescent |ayer with
t he amount of phosphor |ess than the standard val ue 2401: fl uorescent
| ayer with the standard anmount of - ptgosphor 2402: fluorescent |ayer with
the anount of phosphor nore than the standard val ue 2410: hem of
f | uor escent llayer 2420: incom ng light 2430, 2431, 2432 2460: scattering
i ght 2440. gin S 2450: dpelectric | ayer 2521: ght of velength
of 260 nm or2 M der SR PRoARO! ok SEEF Hhy suEbATe RaTbHRRee? s°°
I ’ncom ng "9950: graph indicating brlghtness change at the

positions of the dotted lines x and x'

2260: graph indicatingrbrightness change obtained by
averaging signals for width y between the dotted lines x and
X'l

2210: reflected light brightness‘peak from the surface-

el

of liquid phosphor of concave surface _

2210"; reflected-light 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 waveform obtained from liquid
phosphof of concave surface shape

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

2221: brightness signal wavefqrm obtained by averaging
brightness signal by predetermined width

2300: brightness signal waveform when the substrate
carrying speed is changed

2301; brightness peak interval

2302: appareﬁt brightness peak interval

2303: brightness peak interval when the substrate
carrying Speed is changed

2304: period in which the substrate carrying speed is



2702: reflected Iight 2703: fluorescent photogenesis 2710: illum nating
means 2711: |ight source part - 2 5 - 2712: light transm ssion part 2713:
light ejection port 2714: light diffusing means 2715, 2723: |ight

pol ari zing direction selecting nmeans 2720: inmaging neans 2721: |ight
receiving part 2722: light converging part 2724: 2725: 2731: 2732:
2741: 2742: 2743.: 2.751: 2752: 2800: 2810: 2820: 2830: 2840:

._24_

éhanged

2310; defect point

2320: substrate carrying speed waveform

2350 graph indicating brightness signal waveform when
the substrate carrying speed'is changed

2360: graph indicating substrate carrying speed
waveform |

2400: fluorescent layer with the amount of phosphor
less than the standard wvalue

'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



2850:- 2860: 2871: 2872: received light intensity attenuating nmeans

i magi ng wavel ength sel ecti ng nmeans signal processing neans signal
transmtting nmeans noving neans substrate carrying neans angle adjusting
" mechani sm substrate advancenent sensing neans substrate noving speed
measuring nmeans target light requirenent setting stage inspection
starting stage waiting stage inmage capturing stage signal processing stage
“inspection result outputting stage inspection finishing stage |ight
reception acquiring stage illum natiag -means control cal cul ating stage - 26
2873: light quantity adjusting stage 2901, 2902, 3001, 3002: (part of)

def ect .

2712: light transmission part
2713: light ejection port
2714: light diffusing means
2715, 2723: light polarizing direction selecting means
2720: imaging means
2721: light receiving part
= 2722: light converging part
g 2724; received‘light intensity éttenuating means
2725: imaging wavelength selecting means
2731: signal processing means
2732: signal transmitting means
2741: moving meaﬁs
2742: substrate carrying means
2743: angle adjusting mechanism
2751: substrate advancement sensing‘means
2752: substrate moving speed measuring means
2800: target light requirement setting stage
2810: inspection starting stage
2820: waiting stage
_2830: image capturing stage
2840: signal processing stage
2850: inspection result outputting stage
2860: inspection finishing stage
2871: light reception acquiring stage

2872: illuminating means control calculating stage



3003: repaired defect 2910, 3010: nozzle for repairing defect 2920, 3020:
i quid phosphor E, F, G i1, J, KK M N partition wall H height of
partition wall H.: surface height of phosphor L, L1, L2, L3: predeternlned
.groove width Lp: groove width for three colors of RG PO: brightness of
reflected |ight obtained w thout any application of phosphor PI1:
brightness of reflected |Iight obtained when application volune of liquid
phosphor is V1 P2: brightness of reflected |ight obtained when application
vol ume of liquid phosphor is V2 P3 Zmightness of reflected |ight obtained
when application volume of liquid phosphor is V3 Q R curve indicating
the rel ationshi p between surface shape (application volune) of liquid

phosphor angaggsmé%ﬁhgnggéﬁtgﬁyrg%g ggglggggﬁu:_curve_indicating t he

rel ati onship or an e-intensity of reflected

2b8hg<¥g<vgévg¥222y§? a??b%ﬁﬁégg?né?%gg?ngE ng?% afrgﬁgﬂfg bet ween anount
of - 3003: repaired defect

2210, 3010: nozzle for repairing defect

2920, 3020: liquid phosphor

E, F, G, I} Jd, K, M, N: partition wall

H: height of partition wall

Hy: 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
application‘volume 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 apd the
intensity of reflected light

U: curve indicating the relationship between amount of
phosphor and the intensity of reflected light

vo, vi, vz, V3:-application volume of liquid phosphor

(VO=0<V1<V2<V3)



phosphor and t he intensity of fluorescent photogenesis a, b, c, d, e, f, g,

h, i, j , k, 1. groove of groove width L fornmed of partition walls at, a'.
g', j': groove of groove-width L3 forned of partition walls b', e', W,
k' : groove of groove width L1 forned of partition walls c', f', i, 1t

groove of groove width L2 formed of partition walls m n, O p: constant

s, t, u, v, w, X, x': position of abtaining brightness signal waveform

fromsubstrate to be inspected y: integrated width of brightness signal
Best Mbde for Carrying Qut the 1nvemtion The enbodi nents of the present
invention will be described with a back plate of a PDP as an exanple with .
reference to the drawings. Firstly, the basic configuration of the PDP wi |l
be brleflyxdescrlbed S|n .Fi g emati c__crpss-sectiona

view si mpl y¥T AR E4E T PO FBC LB Flasr5??81318?83%‘36@%&6@ SBF The POP. A
NIRRT ARS8 o ) BRSSP L1081
with an addgesg egec&roge %01 |ﬁpo§ed hﬁregn,ggggng%% groove
‘ ‘'width L formed of partltlon walls
a', d', g', j': groove of groove width'L3 formed:of
partition walls |
b'! ei, h', k;: groove of groove width Ll formed of
partition walls |
é', £r, i', 1': groove of groove width L2 fdrmed 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

v 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 plate
of the PDP 11 on a back glass substrate 100 in which a

partition wall 103 is disposed on a dielectric layer 102



fluorescent |ayers 104, 105,.106 are coated therebetween, and a front
gl ass substrate 12 with a dielectric layer 108 wth display el ectrodes 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
wi |l be described below Plasma 110 is generated by sealing m xture gas
whi ch consi sts of neon or xenon in a space between the display el ectrode
107 and the address el ectrode 101, and applying the voltage thereto, a
phosphor at the selected position @#iTs |ight thereby, and a desired col or
i s displayed by the conbination of |ight em ssion of each phosphor. Next,
a manufacturing nethod of a flat display panel w1l be described with
ref er epcen t 9 Fl@irds M dhe @ hagk miate spfsddeciiRas, amexwemle. Fig. 2 is
a flowhart sinply showi ng a manufacturing step of the back plate of the-
PDP.. fheo resed@et thydes NEd hodi o, t 16 baek @iated ofhdiebRDRergonpri ses a
step 210 of cleaning and drying a glass substrate formng a base of the
back phRdeaofréie PDRss asulséepaR0l Dfwin m ndialatroightayst tedh el ectrode
of a conductive material, a step 230 of formng a dielectric film on the
gl ass wﬂbﬁtﬂﬂ&plaﬁ.ele¢tﬁd@e@f1®?wfﬂl@p¥ﬁwedtlmna yeitasioraktep 250 of
form ng a fluorescent |ayer between the respective partition walls, and a
step 268nvérrekpaPbf hgand- a2protet&iviyvdayert 107 GpﬁﬁfﬁﬂﬁﬁépﬁéﬁreFﬁe step
250 of formn _
Heé%,'the principle of emission of a plasma display

will be described below. Plasma 110 is generated by sealing
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mixture gas which consists of neon or xenon in a space
between the display electrode 107 and the address electrode
101, and appl?ing thelvoltage thereto, a phosphor at the:
selected pééition emits light thereby;'and a desired cblor
is displayed by the combination of light emission of each
phosphor.

Next, a manufacturing method of a flat display panei
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 PDP.
The manufactufing method of the back plate of the PDP
conprises a step 210 of cleaning and dtying a glass
substrate forming a base of the back'plate of the PDP, a
step 220 of forming.a straight pattern electrode of a
conductive material, a step 230 of forming a dielectric film
on the glass substrate, a step 240 of forming partition
walls, a step 250 of forming a flﬁorescent layer between the

respective partition walls, and a step 260 of repairing a



the fluorescent |ayer between the partition walls will be described bel ow
in detail. This step 250 conprises a step 251 of applying liquid phosphor
between the partition walls, a first step 252 of inspecting a formng
state of a phosphor (herelnafter referred to as phosphor inspection step
(I')), a step 253 of drying liquid phosphor to formthe fluorescent |ayer,
and a second step 254 of inspecting a phosphor formng state (hereinafter,
referred to as phosphor inspection step (I1)). The step 260 of repairing
the defective portion of the phospher wi |l be described belowin detail.
Thi§ step conprises a step 261 of repairing a defect discovered in the
phosphor inspection step (I) (hereinafter, referred to as a defect

repair and a step 262 of galrlng a defect discovered in

t he ﬂ&gﬁHGEQFgééééﬂpﬁno§t@ppPPFPh?ﬁere?ﬂ fEEPP £oP Pt etP¥BIBE a def ect
G Spl oyt %Hflﬁégﬁss)nﬁy53&?“’bf‘-hwssnk‘#h%iggi?th%éﬁ?{v%ﬁag\?iiéﬁﬂ%ﬁ? s
Fro 10k tpRd BRagRosh BPt et ngtY ReoCrpLor Beciir P ipar pethgen the
Pvent Pon P51 2PEeSeBEF R3u8 bRk Prb o B Rt B b e BEFFL b AbRHBLERE bhosphor

'”SpeC%'%Erst3%te§t%@2(Bk)1%§%eczﬁﬁgpBe%SgﬁlhBVSEQEQ” ESaCPALAEhEE! zed in
{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
inspectiqn step (iI)). The step 260 of repairing the
defective portion of the phosphor will be described below in
detall. This step comprises a step 261lof répairing a
defect discovered in the phosphor inspection step (I)

- {hereinafter, referred to as a defect repairing step (I)),
and a step 262 of repairing a defect &iscovered in the
phogphor inspection step (II} t(hereinafter, referred to as a
defect repairing stép (IT)).

| In 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 colors
of RGB as shéwn in Fig. 1, and the step 250 of forming the
fluorescent layer between thé partition walls is repeated
three times.
In particular, the present invention relates to the

phosphor inspection step (I} 252 and the phosphor inspection



that the optimum optical 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 inspection apparatus to carry out the inspection with
excel | ent accuracy, causes of abnornmalities in the step are estimted by
informati on on defects if any defective substrate is generated, the step
is.imrediately corrected to prevent any defects in the fluorescent |ayer,
and the yield is ensured by rapid y3gepairing the defective substrate.
Next, the substrate wi-th the fluorescent |ayer disposed thereon will be
described with reference to Figs. 3, 4 and 5. Fig. 3 is a schematic

iIIustr tlon trate ha in rQoves, . 4 is.a schematic
1] et PR PR SR Begsan -ﬁa B oBhed ok atEeRiRaa oh o1 oove
wi dt h, tic il.lustration. of the s#bstrate havi ng

gr ooves Qgeg?g%ﬁgﬁn?%?lﬁ %&EF ﬁpﬁg&t§85c Ofn tPfe PSHSF udi nal direction
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gl ass trat raig odes 101, a
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substrate 300, a space between % Re partition wa for exanple,

par ti ticeRy e lede andrRAaLH, t ipR d@%lEmln%UICQBdEngﬂlE%a%b%ieQEeeart'tlon

walls 103 is - 31 defined as a groove 115. matter of course
pl ural idry .an inspection apparatus to carry out the inspection with

excellent accuracy, causes of abnormalities in the step are
estimated by infeormation on defects if any defective
substrate is generated, the step is immediately eorrected 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 andh5;
Fig. 3 is a schematic illustration of the substrate having
grooﬁes,'Fig. 4 is a schematic illustration of the eubstrate
having grooves of three kinds of groove width, and Fig. 5 is
a schematic illustration of the substrate having grooves
sectioned for predetermined spaee in the longitudinal
direction by the partition‘wells, respectively.

In Fig. 3, a substrate 300 comprises a glass substrate
100, a plurality of straight pattern electrodes 101, a
dielectric film 102, and a plurality of partition walls 103,
6n the substrate 300, a space between the partition walls
held by, . for example, a partition wall E and a partition

wall F out of the plurality of partition walls 103 is



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 .101, a dielectric film2102, and a plurality of

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

~walls held by, for exanple, a partition wall Gand a partition wall | out
of the plurality of partition walls 103 is defined as a groove 116, a
space between partition walls held by the partition wall |I and a partition

wall J out of the plurality of part3tien walls 103 is defined as a groove
117, and a space between partition walls held by the partition wall J and
a partition wall K-out of the plurality of partition walls 103 is-defined

85 VBRI, Jshenil vy WU S TR W LIS K gl g O ooves

116, 117 uted or o4 hat the

groove ¢¢ gih,ow@at cﬁ 'tﬁﬁe t%h%\é NAHA] it 6% cgorr+e]cf Icﬁ} O-I;{lﬁzé% Jg of the

grooves is preferably at two, but not ree as shown in
Fig. 4.3dmn Fig. 5 a substrate 320 conprises a glass substrate 100, a
‘plurality of straight pattern electrodes .101, a dielectric film102, a

plurality OfInpﬁ'flT@ .Liggn twal Is%b%Q%at@néloa&%@%&s%%r bl GigRgwal | 111
(hereinafter erred to as "transverse rib") forméd in the direction,

ﬁrltgogcmﬂisﬁmﬁdleuﬁ),z a mantdtinh ofldt AdGhtOpdthesihstdatea i), a part
© .%bl, 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.as_a 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 space between partition walls held by the
partition wall J and a partition wali K out of the plurality
-'df 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 the.substrate
400730 that the groove widtﬁ_satisfies the inequalities of
-L1<L2<L3. The kind of the grooves is preferably at least
two, but not limited to three as shown in Flg 4.
In Fig. 5, a'substrate 320 comprises a glass substrate
100, a plurality of straiéht pattern electrodes 101, a
.dielectric film 102, a plurality of pértitipn walls 103, and
another partition wall 111 (hereinafter, referred to as

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



for exanple, a partition wall Mand a partition wall N out of ‘the
plurality of partition walls 103 is defined as a .groove 119 having
transverse rib, and a part section by the partition wall 103 and the
transverse rib 111 is defined as a cell 120. Further, in Fig. 5, the:
groove width of the plurality of grooves 119 having transverse ribs is
constant, but a plurality of kinds of groove width as shown in Fig. 4 nmay
be acceptable. Next, the substrate with |iquid phosphor is applied thereto
by performng the step 251 of applyi3mg4iquid phosphor between partition
wal s on the substrate 300 in which a fluorescent |ayer showm in Fig. 3 1is
formed will be described as an exanple with reference to Fig. 6. Fig. 6 is

LG T i i ndi cati he |i qui h h lied to th
o oove PG o PR, 188, ol bl Skt spt ?ﬁ%&%%a&%@@%ﬁg&i Pipecfi on
Is i . ' i . e, i er. to realize
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PDP, i %h@egq?wlmzoﬁg&%&ﬁ&%&;ﬁg&e%ﬁ a%eh%é-?lgé pRr gdet ermm ned

repeated order (for exa _ S shown in _ hus, if
att ent ig@Bolve Made hh@iAgCerbAlsRers il JBPBs LheCL %'i'anc?):%zorth st be
applied orderly across two grooves as shown. by |iquid phosphor 600, 601,
602 33 pant i$@3napplined 080 ahbe theod¥es sRer@e RidNd ik iR BeFin®d LR

a cell 120. Further, in Fig. 5, the groove width of the

5 plurality of grooves 119 having transverse'ribs'is constant,

but a plufality of kinds df_gréove width as shown in Fig. 4
may be acceptable.'

Next, the substrate with liquid phosphor is'épplied
thereto by performiné the step 251 of apblying liquid
phosphor between partition walls on the substrate 300 in
which a fluorescent layer showﬁ in Fig. 3 is formed will be
described'as‘an example with reference to Fig. 6. Fig. 6 is
a schematic illustration indicating the liquid phosphor
applied to the groove and brightness signal wéveform
obtained by the phosphor inspection step (I) of the present
invention.

As deécribed above, in order to realize desired color
'display by using three kinds of RGB color development in the
PDP, it is necessary to form RGE fluorescent'layers.in a |

predetermined repeateq order (for example,: BRGBRG:) as
shown in Fig. 1. Thus, if attention is made to a certain
color of RGB, the certain color must be applied orderly

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



11iquid phosphor applied to the desired grooves, solvent conponent is
renoved by performng the drying.step 253, and the fluorescent |ayer is
formed on the groove. In addition, in Fig. 6, the fluorescent |ayers have

not been fornmed on the grooves a, jr d, f, g, 1, j and 1. However, the
fluorescent |ayers of another or two other colors have possibly already
been fornmed due to the schedule of the step. As a still another exanple,

- the substrate with the fluorescent |layer of a certain color fornmed thereon
by performng the step 250 of form3ig-the fluorescent |ayer between the
partition walls on the substrate 300 with the fluorescent |ayer shown in
Fig. 3 fornmed thereon will be described with reference to Fig. 7. Fig. 7

52 SCRATRC b St (AULAR Ladhoali By Lheyf Lyar esgentLaygr ofa certain,

col or tormed on"the groove an righthess srgnal wa éf orm obt ai ned by

the PhaspRal pbARRSHD:OBL3SRA( kh) LAk dbBe BLeseAbybaYeblollneAs descri bed

above, the fluorescent ayers 70 must be fornmed orderly

on the coghRRas s @emdvaadpl BEreSSmie 8heoMe$inkNsELg. 283, dugqto an
abnormality in the step, the anmount of phosphor “on"the “fluorescent |ayer

701 i s tqaldlen felaRnithe aybandar dovakdeon @Rd gR¥okkuorescent layer is not .
formed in the groove k in which the-fluorescent |ayer should be present.
By - 34 1In addition, in Fig. 6, the fluorescent layers have not
been forﬁed on the grooves a,:c, 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
performing the step 250 of forming 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 fluorescent layer of a certain
color formed on the groove and the brightness signal
wéveform obtained by the phosphor inspection stép (IT) of
the present invention. As described above, the fluorescent
layers 700, 701, 702 and 703 must be formed orderly on the
grooves b, e, h and k across two grooves; In Fig. 7, due to
an abnormality in the step, thé amount of phosphor on the
fluorescent layer 701 is smaller than the standard wvalue,
“and any fluorescent layer is not formed in the groove k in

which the fluorescent layer should be present. By



performng the step 250 of formng the fluorescent |ayer for two other
colors, the RGB fluorescent layers will be formed in a predeterm ned
repeated order (for exanple,: BRGBRG ) One of especially inportant factors
for -determining |umnous brightness in PDP includes the amount of phosphor
in the fluorescent layer. There is a tendency in that the brightness is

|l ower if the anount of phosphor is small while the brightness is higher if
the anount of phosphor is large, and if no phosphor is applied, no |ight
em ssion occurs as a matter of ceurse.~ In addition, if grooves of the

| arge, small and no anount of phosphor are present in a mxed mnanner in
one substrate, these grooves cause irregularities in |lumnous brightness
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in the fluorescent layer. There is a tendency in that the

k' brightness is lower if the amount of phosphor is small while

" the brightness is higher if 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, theée grooves cause irreqularities
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 irregularities in liquid phosphor application
when liquid phosphor is applied to grooves.

Generally known methods of applying liquid phosphor to
desiréd grooves include screen printing, photo-lithographic
processing, and nozzle appiication. If any trouble occurs
in application of liquid phosphor_by these methods, a part
without any application of ligquid phosphor is generated as
shown as 601 in Fig. 6, or a groove to which liquid phosphor
is not completely applied as ih 603 is generated. If any

substrate having troubles in such a state of application of



l'i quid phosphor i's subjected to the step 253 of formrng the fluorescent

| ayer by drying liquid phosphor, a defective substrate having a
fluorescent |ayer of different anount of phosphor on one substrate is
manuf actured. In addition, causes of generation of irregularities in
application by the above |iquid phosphor applying nmethod includes clogging
of a screen and defective adjustnent of a phosphor applicator in the
screen printing, defective adjustment of the phosphor applicator and
adhesion of foreign matters to a-pl8d 6- mask in the photo-1lithographic
processi ng, and cl ogging of nozzle holes and non-uniformty in application
pressure caused by abnormalities of a pressurizing device, and if troubles

b il [
ot oot & R Brofphp (TR EEEET P Fnspectron 72 nan SpehiffeRar hanel of
th 11X h d I det ect
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phosphor inspection step (I) 252 and the ph osp or 1 nspection step (I11)

254,  esbisfRbNGnt BaeCauset rakcakRoLIRlIfk-@8rkn the steps from information
on defects, correcting the step imedi ately to prevent any defects of
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rapidly repairing - 36

application by the above liquid phosphor applylng method
rinCludes clogging of a screen and defective adjustment of a
phosphor applicator in the screen printing, defective
adjustment of the phosphor applicator and adhesion df
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 thereto occur once, they will cause continuocus
defects in the total substrates.
| An inspection method of a display panel of thé present
invention improvés the yield of products by rapidly
‘detecting continuous defects with high accurac¢y in order to
prevent continuous shipment of the above defective
.substrates to subsequent steps in the phosphor 1nspectlon

: step (f) 252 and the phosphor inspection step (II} 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

generatéd in the fluorescent layer, and rapidly repairing



any defective substrates. In order to inspect the phosphor form ng state,
the above conventional technology can be used. This neans that the
phosphor form ng state is inspected by the change in the obtained inmaging
brightness by allowing the light to be incident on the phosphor at a
predeterm ned angle of ~ incidence, and receiving the reflected Iight from
the phosphor at a predetermi ned angle of reflection. However, if the

obj ect for inspection such as the back plate of the PDP has a conplicated
structural characteristic, and subjmgcted to a |arge nunber of

manuf acturing steps, the manufacturing condition of the object is changed
and t he pattern shape forning the surface is changed unless adjusting the
opti cal con ditions sugﬁ e angle of . incidence, the angle of
reflecFlgh Fﬁg vePERGtH 2 intensity, the scattering and the

I f. the | t ligh d t t t I
f;’ﬁa?;tf;P?s?tigﬁtéfﬂtgowaegct” RErEBAEPPoh TaFBLR obrBhE beur in tha

(he | NSBECL ABLRANEAGK1! §EANShAGLARLY degra thd; Eﬁé. st REARATBESE, po Sonno!

be carrie truc ura hafacter i st t he stage

of,”theth@awt)%gtts&' %aﬁ%@ S¢S %nl ggeet%ﬁu Le RaMBe PRSERLPLI ON

be nmade bel ow on e detaile he conve t|onaI technology

~and th%b&ﬁhﬁbﬂoﬂmﬁ 1&@0%E§@%tnb@st%§ bﬁiB%&thQhQE&QgﬁtoEotBS present
|nvent|on while -
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,
if the object for inspection such as the back plate of the
PDP has a complicated structural characteristic, and
subjected to a large number of manufacturing steps, the
manufacturing conditionuof the object is changed and the
pattern shape forming the surfacefis changed 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
characteristic 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 the detailed problems

of the conventional technology and the solution of problems

in the inspection method of the present invention while



conparing themw th each other. Firstly, description will. be made on a case
of carrying out the inspection in the phosphor inspection step (I) 254.

At the tinme of the phosphor inspection step (1) 254, phosphor which is an
object of inspection is applied in liquid to a groove conprising partition
wal I s-on the substrate. Here, reflection of the reflected |ight at the
.angl e of incidence of the incomng light is defined as the regular
reflection, the reflected Iight which is regularly reflected is defined as
the regularly reflected light, and- 3he.light reflected in the angul ar
aperture when a .predetermnined angul ar aperture for capturing the |ight

captures at least the regularly reflected light is defined as the reflected

light in the angul.ar aperture, respectively, and they are used bel ow
Her e, t%oé“%%ﬂbqg%%%ﬁg%} RO he i nspection of the application

state of.quuid hosphor a%%Lied t. tge substrate by the conventi onal
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- .liquid to a groove comprising partition walls on the
substrate. Here, reflection of the reflected light at the
angle of ihcidence of the incoming lighf is defined as the
régular reflection, the reflected light which is regularly
reflected is defined as the regqularly reflected light, and
the light reflected in the angular éperture 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 éperture, respectively,
and they are used below.

Here, the principle and problems of the inspection of

the application state of liguid phosphor'applied to the

- substrate by the conventional technology, in particular, the
optical inspection technology for capturing the regularly
reflected light are successively described with referenée to
Figs. 6, 8, 9, 10, 11 and 12. Fig. 8 is a schematic
illustration indicating the relationship between the surface
éhape (application volume) of liquid phosphor and the
intensity of the reflected light (hereinafter, referred to

as "surface shape - brightness correlation™). Figs. 9, 10,



11 and 12 are schematic illustrations indicating the relationship between
the liquid phosphor application volume and the surface shape after
application thereof. Firstly, the rel ationship between the application
state of |iquid 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. predeterm ned application volunme V2 is
defined as a reference. The surface shape of [|iquid phosphor in this case
is flat (parallel to) with respect 4 1he substrate surface as shown by
-the liquid phosphor 1100 in Fig. 11. Wth the application volume V1 (<V2)
which is smaller than this reference, the surface shape of |iquid phosphor

5 oCOPSa Sl LS b e SR ate sur ace go shown by the I aui
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| ;eflected light will be successively described with.

reference to Figs. 8, 9, 10, 1i and 12;

For easy understanding, a predetermined application

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

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

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

In addition, with the application volume VO = 0 (<V2)

when non-application occurs in which any liquid phosphor is

not applied completely, no liquid phosphor is present in the

groove as shown by 900_in Fig. 9, and the surface shape is

of concave shape constituted by the paftition walls aﬁd the

dielectric layer.



As descri bed above, when the reflected Iight reflected by the surface of
| i qui d phosphor is captured, the surface is flat in the reference liquid
phosphor 1100, and the regularly reflected light fromevery area 1101 of
the liquid surface can be captured, and the obtained brightness signal
will be maxi mum On the other hand, on the. |iquid phosphor 1000, a part
capabl e of reflecting the reflected light in the angular aperture becones
an area 1001 shown in Fig. 10 since the surface is concave, and the
obt ai ned brightness signal beconessgmaller than that by the liquid
phosphor surface 1100. In addition, this effect becones nore renarkable as
the application volune V becones smaller, i.e., as the surface shape of
| i qui d phosphor is con5|derabl nore concave than the fl at shape Furt her,
in t he quuﬁﬁ ﬁ%% ? I@@EVE{H%h%%rk%%er%ﬁkﬁ%te@sl%%%Qe&ef¥%% Far t capable
ref a%h % refl%ci gg g t he angul ar erture becones an area
1201 shg SUF'Scelﬁ ﬁﬂuﬁﬂe BFRPREJLBr FEREHES 'SF RaFUbeebhes snall er
t han that _of . the UId hosphor .110 n.a diti t hi ffect becones
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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 slgnal
becomes smaller than that by the liquid phosphor surface
1100. 'In addition, this effect becomes more remarkable,as
the application'volume V becomes smaller, i.e., as the
surface shaﬁe of ligquid phosphor is considerably more
concave than the flat shape.

Further, in the liquid phosphor 1200, the surface shape
is convek, 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
'fhan that of the liquid phésphor 1100, 1In qddition, this
effect becomes more remarkable as the application volume V
becomes larger, i.e., as the surface shapé of liquid
phosphor is qonsidérably more convex than the flat shape.

In the non-application state 900, the reflecting

surface is flat, and regular reflection easily occurs.



However, since a bottompart of a "reflecting surface is |ower than a part
with liquid phosphor applied thereto, the reflected light in the angul ar
aperture is easily blocked by the partition walls, the part capabl e of
reflecting the reflected light in the angular aperture fornms an area 901
shown in Fig. 9, and the obtained brightness signal is snaller than that
of the liquid phosphor 1100. The curve Qin Fig. 8 is a graph indicating
the relationship between the |iquid phosphor application-volunme, the

| i qui d phosphor surface shape, and. tfie -obtained brightness with the
brightness in Y-axis and with the liquid phasphor application volune or
the liquid phosphor surface -shape in X-axis. This neans that the

bri ght ness_becones Fnun1mhen t he surface of |iquid phosphor is flat,
and th Ow&BFﬁrnédnﬁﬁlﬁh RELE™HPEGHe S Ts RalFPéL cikéRTt RBTSAFPadE shape s

I d I h
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conventi onal techno ogy inclu
shown in Fig. 9, and the obtained brightness signal is

- smaller than that of the liquid phosphor 1100.
S The curve Q in Fig. 8 is a graph indicating the
. relationship between the liquid phosphor application volume,
the liquid phosphor surface shape, and the obtained
‘brightness with the brightness in Y-axis and with the liquid
phosphot application volume or the liquid phosphor surfaée
shape in X-axis. This means that the brightness becémes
.maximum when the  surface of liquid phosphor is flat, and the
obtained brightness becomes smaller when the surface shape
is Convex or concave oOr non—application‘of_liquid phospﬁor.
i;' " In the inspection of the application state of liquid
phoéphor by applying the conventional technology using 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,
the'liquid phosphor surface shape and the intensity of the
obtained brightness, and determining non—defectivé or

defective products.

A problem with the conventional technology includes



that the correlation between the surface shape and the brightness is
steeply changed in the vicinity of a flat surface shape as indicated by
the curve Qin Fig. 8 and the brightness is changed | ess w th other
surface shape. This neans that the conventional technol ogy has the
inspection sensitivity only in a narrow range of the surface shape
~(application volume) around a part of flat surface shape of Iliquid
phosphor. In other words, in the inspection wutilizing the relationship of
the curve Q determnation is only savailable for whether or not the
surface shape of I|iquid phosphor is flat. In order to nmeasure the surface
~shape of liquid phosphor, i.e., the application volume with high accuracy

[ i f f h licati I f - licati
to {1 2t 8l FA0e CORESLA ARG BEOPREPaEPn SHECAEE SPAE S AP atEeonape. and the
bri ght b i_all [ | .. in Fig. 8. .
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surface,shane apd Lhebulahtaess Ly (BEPLEFRRI ke e qurugqQus that an
i magi ng nmeans is pstrong:n'y apt to ?ép ure onIyche re recfeé Fight fromthe
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constituting an optical systemfor capturing the reflected --
sensitivity only inla narrow range of the surface shape
(application volume) around a part of flat surface shape bf
liquid phosphor. 1In other words, in the inspection
utilizing the relationship of the curve Q, détermination is
only available for whether or not the surface shape of
liguid 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 be substantially proportionél as a curve R in Fig. 8.
In the conventional technology, the reason why the
correlation between the surface shape and the brightness is
expressed like the curve Q is that én imaging means is
strongly apt to capture only the reflected light from the
surface completely flat with respect to the substrate
su;face in the conventional technology. To solve the
préblem, the correlation between the surface shape and the
brightness shown by the curve R can be obtained if .

constituting an optical system for capturing the reflected



light froman area including the surface conpletely flat wth respect to
t.he substrate surface and the one part of no-flat surface. Thus, in the
i nspection nmethod of the . present invention, it is devised that the
diffusivity of the inspection light is increased, and the inmage capture
angul ar. aperture of the inmaging neans is extended. These devises wll 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. Wen any |ight diffusing means 1310 i s not
installed, the parallel light 1300 is incident on the liquid phosphor
surface as the incomng |ight 1301 while-being parallel, .and only the
refl ected ht 1301' is incident on an inmaging means 1320, This neans

hat o LAGkh $PpRsan ﬁﬁ@a.ﬁﬁg#ﬁ@lﬁ€aﬁeelgééfeastGPﬁgl%EP§Ytﬁ%aFef|ected
Lioht Liom s sulace, 1230 CRIpLeLel v (ot viin peapect Lo, [hg subsirate
el Ldsibge ghaaliel bl “ih_i%f’.%a'afaﬂgifsé Fop Netlgal LEkggd (110t 1o
0ok 198G 041308, VST Al 40 LLUE. bAvgc@lesaley sy fage
B L e e LR LT S I T A
- surfacg eemmhet 8y theal mtyli Ry’ RERBS! i50ekREnded. These devises

will be.described with referenée 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 iBlO is not installed,

the parallel light 1300 is incident on the'liéuid phosphoﬁ

surface as the incoming light 1301 while being parallel, and

only the reflected light 1301' is incident on an imaging

means 1320. This means that; in this case, the imaging

means 1320 captures only the reflected light from a surface

1330 completely flét with respect to the substrate Surface.

On the other hand, when the light diffusing means 1301 is
_installed, the parallel iight 1300 is diffused by the light

diffusing means 1310, and incident on the liquid phosphor
- surface as dif%used lights 1301, 1302 and 1303 incident on

the liquid phosphor surface at varioué angles, gnd the

reflected lights 1301', 1302' and 1303" are incident on the

imaging means 1320. This means, in this case, the imaging

means 1320 captures the reflected light from an area 1331

including the surface completely flat with .respect to the
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the correlation between the surface shape and the brightness
to the curve R by increasing the diffusivity of the inspect
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en an inmage is captured by the .inmage capture angul-ar aperture 1420,

rallel lights 1401, 1402 and 1403 are incident on the |liquid
or surface,. and only the rgf&ﬁqled light 14011 is reflected
capture angul ar aperture 1420. This neans that, in this case
capture neans captures only the reflected |ight fromthe sur
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bt rate, surface 3903 part of j(fie SULT 360 1oL, LA LpRISL.
angular_apefture 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
phosphor 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
this case, the imaging means captures the reflected 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 correlation betweeh the surface

‘shape and the brightness gets close to the curve R by

Thus,



“shape and the brightness gets close to the curve R by - 44 i ncreasing the
i mage capture angul ar aperture of the imaging neans. Generally speaking,

if the image capture angular aperture is increased, the intensity of the
light incident in the imaging neans is also increased. If the light of the
intensity not |less than the capacity of a light receiving elenment of the

i magi ng means i s incident, measurenent of high accuracy cannot be
prospected. Thus, the imaging nmeans is preferably provided with a received
light intensity attenuating neans. 4ft ~is al so understood that reflectance
is high on the |I|iquid phosphor surface, and a |light polarizing direction
sel ecting neans nay be provided on an illum nating nmeans, an imaging

nmeans, ihBrekdehgt ehkNphaye bhgtaeat haghl &t é}fﬂ@geurénofhEhébQMQgﬂﬁ§Cri ption,
one liquid phosphor is taken as an exanple for easy understandi ng.
HowevefneahB.practice, a plurality of liquid phosphors nust be inspected.
To carry out the inspection on every |liquid phosphor applied on the
substrate, Gheebaidhtspsskimy, bif neas uietgahcdetwed adnyel yr novi ng t he
position of the substrate to the incomng light in the direction across
t he gr epectiiwenmid inctrkessdbstheat éntebefbiyl el tbeaf igyghét iopidenthe
apparatus will be described below , ,
in the imaging means is also increased. If the light of the
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 understoodAthat reflectance is high on the
liquid phosphor surface, and a light polatizihg 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 liguid phosphor applied on the
substrate, the brightness may be measured while relatively
moving the position of the substrate to the incoming light
in the direction across the groove formed in the substrate.
Detailed configuration of the apparatus will be described
below.

Firstly, in the conventional technology, the inspection

on liquid phosphor is carried out on every liquid phosphor



Firstly, in the conventional technology, the inspection on |iquid phosphor
is carried out on every liquid phosphor - 45 applied on the substrate as
descri bed above. As shown in Fig. 6, the brightness signal waveform 620
corresponding to the surface shape including the surface shape of liquid
phosphor as shown in a graph 660 at, for exanple, the position of the
dotted line s can be obtained. It is denonstrated that this brightness

si gnal - wavef orm 620 can be applied normally if corresponding to the
-surface shape of the substrate, |-argge -brightness signal and snal

bri ghtness signal can be obtained fromthe grooves b and h including the
| i qui d phosphor. 600 and 602 with flat surface shape, and the grooves e and

respoctronry® SHuCRPy §RBREEe S cal VaPeRiry Bhaet "Bho BPuBve o and K can

be o0t Bhtcde AT HICGRERBNES Sunty fouleobn ool cBNToEbIBY! 0y | TauiC

phosphoi “appl i erée rightness pe
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612 andho83Borand Babghnaht ar grhpheksed ko t mehlkghtness peak". In the
PDP, L?qai% Sﬁosphor i's appligg gt t he a%reggfeggﬁﬁgéb?n?ggval Lp, and the

obt ai npdsbright BesshpeaksteBlQinbly, Bh2nandp@idneli.t hgrbrkght ness signal
waveform naturally appear at the predeterm ned periodical interval
demonstrated that this brightness signal waveform 620 can be
abplied normally if corresponding to the surface shape of
the substrate, large brightness signal and small brightness
§ignal can be obtained from the grooves b and h includihg
the liquid phosphor 600 and.602 with flat surface shape, and
the gfooves e and k including liquid phosphor 601 and 603
which are not applied normally, respectiﬁely, 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 to the grooves to which liquid
phpsphor is applied, and the grooﬁes to which ligquid
phosphof 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 ét‘the
predetermined interval Lp, and the obtained brightness peaks
610, 611, 612 and 613 of the brightness-signal waveform
naturally appear‘at the predetermined periodical interxrval

mLp {(m: constant) corresponding to the application interval

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



m.p (m constant) corresponding to the application interval of liquid
phosphor'. Thus, the value of brightness peak from- 4 6 - [|iquid phosphor
applied to each groove on the substrate can .be obtained by extracting the
“brightness peak at the point apart fromthe N-th brightness peak by the

di stance nmLp as the (Ntl)th brightness peak to the brightness waveform
620, and repeating this operation for every brightness peak. These val ues
of the brightness peak are defined as the representative brightness for
each groove, and the brightness peals wavef orm 640 can be obtai ned by
successively arranging these values. The respective values 630, 631, 632
~and 633 constitUting t he brightness peak waveform 640 correspond to the

| i qui d,ph I i or f h d th f
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These values of the brlghtness 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, énd the position oﬁ the groove and the
application volume of liquid phosphor applied to the groove
are specified by the brightness peak waveform 640. 1In
.addition, by setting an appropriate threshold 650 to the
-brightness peak waveform 640, the brightness peaks 631 and
633 below the threshold 650 ére extracted, and the grooves
correspbnding to the brightness peaks GBi and 633 are
specified to determine that the aéplication volume of liquid
phosphor applied to the grooves are out of the range of the
bredetermined valﬁe.' This.means whether or not the
épplication volume of the épplied iiquid phosphor is in the
range of the predetermined value is inspected to a part of
the grooves to which every liquid ﬁhosphor is applied over

the whole length in the longitddinal direction of the



range of the predeterm ned value is inspected to a part of the grooves to
whi ch every |iquid phosphor is applied over the whole length in the
| ongi tudi nal direction of the - 47 substrate, and NG (No Good) is
determ ned to the substrate having the grooves out of the range of the
predeterm ned, value. The nethod for carrying out the inspection of |iquid
~phosphor to every liquid phosphor applied on the substrate wusing the
conventional technology is as described above. However, when actually
manuf act uri ng substrates, liquid —phosphor nmay be forned not with the
application volune V2 for the flat surface, but with the application
volume V1 for concave surface shape, or with the application volume V2 for
n substrate is formed wth the

SSB:Vieés?lﬁ%fﬁa%FShaﬁf%lNF °ryab%555$h§%“§sﬁﬁmae uE° Ehe PHEREEEHSn of the
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schemat,i e|IIustrat|on showi ng |iquid phosphor applied to the grooves and
the brlg {Réss. si gnal waveform obtai ned by the inspection nethod of the
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part capable of re cting t e re | ecte angufar aperture is
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phosphor is apt to be
using the conventional technology is as described above.
However, when actually manufacturing substrates, liquid
phosphor may be formed not with the application volume-VZ
for the flat surface, but with the application volume V1 for
concave surface shape, or with ﬁhe application volume V2 for
convex surface shape.' For 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
reference to Figs. 9, 10 and 15. Fig. 15 is a schematic
illustration showing liquid phosphor applied tc the grooves
and the brightness signal waveform obtained by the
inspection method of the present invention.

As shown in Fig. 10, if the surface shape is concave, a

part qépable of reflecting the reflected light in the

- angular aperture is narrow, and the brightness of the
reflected light obtained from liquid phosphor is apt to be
-ipcreased. On the other hand, in the groove bottom part
without any liquid phosphor applied thereto, the reflected

light in the angular aperture is easily blocked by the.



increased. On the other hand, in the groove bottompart wthout any |iquid
phosphor applied thereto, the reflected light in the angular aperture is
easily blocked by the. - 48 partition walls. However, the reflecting
surface is flat, 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

| i qui d phosphor part to be inspected and a groove bottom part which need
not be inspected as shown in the graggh-1550 in Fig. 15, and it is difficult
to extract the brightness signals 1510, 1511, 1512 and 1513 fromthe

| i qui d phosphor part to be inspected. This neans that the brightness peak
maveforn]%gnnot be .obt ai ned easi | ion, this ghenoggg n raises a

|
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to th r i Si rooves of .at _least, two kinds of width as
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whi ch three kinds of grooves wth the groove depth satisfying the
‘i nequalrigfiiee tleliciZ gh? #OnCaNStighlie@nesPebky pathero BePeakhagtkhe

application state of |iquid phosphor ™ applied to the grooves b', e, h' and
k' of el RagreeeRs! bottom part which need not be inspected as
shown in the graph 1550 in Fig. 15, and it is aifficult to
extract the brightness signals 1510, 1511, 1512 and 1513
from the 1iquid phosphor part to be inspected. This means
that the brightness peak waveform cannot be obtained easily.
In addition, this phenomenon raises a serious problem
when iﬁspecting tﬁe 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
in which three kinds of grooves with the groove depth
satisfying the inequalities Ll<L2<L3 are constituted orderly
when inspecting the applicatioh state of liguid phosphor
applied to the grooves b', 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

angular aperture from the liquid phosphor to be iﬂspected



width L1 with the application volunme smaller than the standard value, the
intensity of the reflected light in the angular aperture fromthe |iquid
phosphor to be inspected - 49 wll be considerably weakened due to the
concave surface shape and the narrow groove width. On the other hand, the
reflected light in the angular aperture frombottons of the grooves a',

d, g and j' of the widest width L3 is |less easily blocked by the
partition walls due to the |arge groove width, and the obtained

.intensity will be considerably incrgased. As a result, the reflected

| ight brightness signal fromliquid phosphor to be inspected is covered by
the reflected |ight brightness signal fromthe groove bottom part as shown
by the p 1650 16. . Thu it is fficult to extract the
brightwgéi Beofore i tBE6bYyotoakiges’ dHE £8150F: GROERES FOAFASSPhonshor part
to be i ECtﬁg.tﬁnd accurate neasurﬁngn is inpossible. Here, the
reercF Fi § tﬁsrgﬁauﬁﬁPOXSeﬁE b rightness signal fromthe liquid

phosphor. tOOQ thsggg%gd a _E%%nggf?%c@ealgFg t(fgr hgagﬁng% eferred to
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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 shbwn by the graph
1650 in Fig. 16. Thus, it is difficult to extract the
brightness signals 1610, 1611, 1612 and 1613 from the liquid
phosphor part to be inspected, and accurate measurement.is.
impoésible.

Here, the reflected light in the anguiar aperture
bfightness signal from the liquid phosphor to be.inspected
is defined as a signal (hereinafter, referred to as "s"y,
and the reflected light in the angular aperture brightness
signal from the groove bottom patt which need not be
inspected is defined as the noise (hereinafter, referred to
as "N"), and the S/N ratio is calculated. 1In the
cbnventional technology, the S/N ratio is considerably
decreased when the substrate manufacturing conditions such
as the liquid phosphor application volume, the groove width,

_and the partition wall height are changed, the inspection



decreased when the substrate manufacturing conditions such as the liquid
phosphor application volune, the groove width, and the partition wall

hei ght are changed, the inspection 50 cannot be carried out. This problem
simlarly occurs when manufacturing the substrate with the application

- volume V3 though there is a difference between concave and convex surface
shapes of liquid phosphor. The above probl ens are included in the

conventional technol ogy, and description will be nmade bel ow on the
-inspection nethod of the present i-hwe@ntion in order to solve these
problens. In order to increase the above SINratio, two nethods, i.e., (1)
to increase S and (2) to decrease N, are general, and the main point is

placedcin g%)bto decregse y inﬁéhe in Rection. tgod of the ﬁresent
Pnvent CBATOENPERSEATFAEBea ton RRLROBTBP oS ABPLREAYi BRCUFAL DGR | i qui d
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angul ar apérture from roove bottom part nay bé captured. A first

ef fect kve raebhad. pas gkt i ging bhssphoye effect includes the inspection at
the angle of ligh i nci dence/reflection at which the reflected light in
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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 increaée S and (2) to decrease N, are general,
and the main point is placed in (2) to decrease N in thé
inspection hethod 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 whiéh need not be inspected. In 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 referemnce to Figs. 17, 18, 19 and 20. Here,



bl ocked by the partition walls. The rel ationship between S and Nin this

i nspection nethod will be successively described with reference to Figs.
17, 18, 19 and 20. Here, - 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

| i ght incidence/reflection O or 0'. As already described above, when the
l'ight is captured, a light capturing neans generally has a predeterm ned
angul ar aperture, and the angular aperture Gk will also be considered in
the description of this technology. Firstly, when the inspection is
carried out at the angle of light incidence/reflection 0" as shown in Fig.

18, tﬁ@gé?fh§9t@§,[h9h5n§ %ataps §89F$§Ei@p§IiHé€%i§iéﬁél§ﬁ6§9n at the

part of- 1800 in the range o e angul ar aperture wever, %s shown in

Fig. l¢¥neatihbe 880tReObeki@bteal NELHENEELILELEG! £ PO Othe t hREGE! eCt €d
light Nin the angular aperture fromthe groove bottompart 1700 with the

groovepwi-dbhi k3trhd} whi eReneedunat phespnRspestedaganabernsaphyied. This
means that a phenonenon shown by the upper graph in Fig: 7 occurs, the S/N

rati o bs toghtdenabbigncdgeceasedionandl ¢hedi nspectd Dread e @hiweguracy is
i npossi bl e. Next, description will be nade on the inspection at the angle
of- |'i ghbovagi dbaoethef LéghtohsOcaphusedpt holliglst capturing means
| generally has a predetermined angular aperture, and the
angular aperture 6k will also be considered in fhe
description of this technology.
‘Firétly, when the inspection is carried out at the
_‘angle of light incidence/reflection 8' as shown in Fig. 18,
the reflécted light S in the angular:aperture is reflected
at the part of 1800 in the range of the angular aperture 06k.
However, as shown in Fig. 17, at the angle of light
incidence/reflebtion 0', 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 occurs, the S/N ratio is_considerabiy'
decreased, and the inspection with high accuraCy is
impossible.
Next, description will be made on the inspection at.thé
angle of light incidence/reflection 8. This method is
. characterized in that this angle of light incidence/

reflection 8§ is determined so that the angular aperture 0k

at which the reflected light N in the angular aperture from



characterized in that this angle of light incidence/ reflection 0 is

determ ned so that the-angular aperture Ok at which the reflected Iight N-

in the angul ar aperture from- 52 the groove bottom part 1900 is captured
is conpletely blocked by the partition wall K by the angul ar. aperture Ok,
and the partition wall height H and the groove width L3 which are design

val ues constituting the groove which need not be inspected. This neans

that the reflected light Nin the angular aperture fromthe groove bottom

part 1900 which need not be inspecttdd-is not captured at the angle of
[ight incidence/reflection O as shown in Fig. 19, and only the reflected
light Sin the angular aperture fromliquid phosphor to be inspected can

b <h i i if t | i ght

nci dosie) JzPPus BaRch®, Bhdy £00 18 HBkurbh 1o BB ECB Y 3 1ight s i
th .t L el - ted |

bl ocked By Fhe Bartrt Porrusi 1o Had't heod Nrarraiia? dREP sl PP e the

i nspectihan cAet padtot ibhewR1 €S8AL ghtNHeRhORKES geBaackeniRedsin that the
angle of light incidence/reflecfion O is determ ned so that the angul ar

apertup@ick hee eaphibhi kg1tiBe rehkeetadihiygbheSqrbBvkh@hiangdkan aperture
fromthe liquid phosphor surface 2000 is not bl ocked by the partition wall.

I by thetabguliaspapeetiur eThk, mandst hRapathkt reflwalkkdheight W, ihhe groove
width L1, and the surface height H of |iquid phosphor to be applied
the angular aperture from the groove thtom,part 1900 which
need not be inspected is not captured at the anglé of light
iﬁcideﬁce/reflection 0 as shown in Fig. 19, and only the
reflected light S in the angular aperture from liquid

pliosphor to be inspected can be captured as shown in Fig. 20..
However, if the angle of light incidence/reflectién 0 is
decreased excessively, the reflected 1ight S in the angular
apefture from the liquid phosphor surface to be inspected is
blocked by the partition-wall, and the S/N ratio ié

decreased. Thus, the inspection method of the present
invention is characterized in that the angle of light
incidence/reflection © is determined so that the angular
aperture 6k for capturing the reflected light S in the

angular aperture from the liquid.phosphor surface 2000 is

not blocked‘by the partition wall I by the angular aperture

0k, and the partition wall height H, the groove width L1,

and the surface height Hp of liquidlphoéphor to be applied
which are design wvalues consfituting the groove to be

inspected as shown in Fig. 20. The above concept is

‘expressed by the formula 7 below.



whi ch are desi-gn val ues constituting the groove to be inspected as shown
in Fig. 20. The above concept is expressed by the formula 7 below - 53
[Angle at which S is not blocked by partition wall] < 0 < [angle at which
N is blocked by partition wall] As shown in Figs. 19 and 20 as exanpl es,
the reflected light Nin the angular aperture fromthe groove bottom part
whi ch need not be inspected is blocked by the partition wall by carrying
out the inspection at the angle of light incidence/reflection O determ ned
by the formula 7,.and the reflected3ight S in the angular aperture from
the Iiquid phosphor surface to. be inspected is received in the range of
angul ar aperture Ck. Thus, the brightness signal waveform 1620' as shown

in the graph 1165Q il Ji & 116 (GAn bti%cqg[cﬁ'b@e%atrﬁqr%ﬂo h%ra_sLllﬁlaQabi Q

sufficient for carrying out the inspection gh accuracy can be

obt ai netingR QRdeh it® Rt 1% A L RE LA aPilhe V%rl?gh 1650' obtained from

t he above "devi ses, an appropriate first threshol 30 is set for the

bri ght ness skgaabwwavaf eh @k .1080anas 2dessr tRedpakayvecnangdekhecbeight ness
peak 16111 and 1613" bel ow the threshold may Be detected. In the exanple

Sin Figlitht & def etle iahdulalr Hheanmld GO RMHov bdttew paprosphor is

smal l er than the predetermned value is illustrated, and it is also

possi biwdvitoh ingenrt infot deddafagtedted tihat lidikeaapply dald e rateurh efkill quid

phosphor is |arger
by carrying out the inspection at the angle of light
ihcidence/reflection 8 determined by the formula 7, and the
reflected light S in the angular aperture from the liquid

- phosphor surface to be inspected is received in the range of
angular aperture 6k. 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 carrjiﬁg 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 aescribed above, and the brightness peak 1611' and
1613' below the threshold may be detected. In the eXample
in Fig. 16, a deféét in that theAapplication amount of
liquid phosphor is smaller than the predetermined value is

~illustrated, and it is also poséible to identify a defect in
that the application amount §f liquid phosphor is larger
than the predetermined wvalue. When the application amount

of liquid phosphor is larger than the predetermined value,

‘the surface shape of liquid phosphor gets close to the flat



than the predeterm ned val ue. Wen 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 54 shape, and the brightness signal
obtained froma defective part is.larger than the brightness signal
obtained froma .normal part as. described in Fig. 8. Thus, by setting an

appropriate second threshold 1631, and detecting the brightness peak 1614"
“above this threshold, the defect that the application anount of |iquid

phosphor is larger than the predete@adnined val ue can be identified.

- Description has been nade above on the application state of liquid

phosphor applied to the substrate with at [|east two kinds of groove w dth

e expiirel T b edb@ﬁ?ﬁ%&%ﬁéﬁfﬁ%&&%ﬁd%%%s|5‘3%%%%“ Woih ae

shown % E1 953 r%%%sé%gﬂdt&é bg%g$£g%%§ gf n egéééébc% t he application

a3t two ki nds

state 1T gui or appli e su
of gr rder t s gpe aI Flgs. 4 and
16, tﬁgggﬁé%gﬁ%¥9 |§h§¥?%€?%%%c ecgloﬁf%ﬁg %ghﬁé¢€¥M?he i nspection is

 det er mipgdopyi ke é@eayaatﬁregﬂl&m x«@ﬂe %aﬁ%%gﬁ%@% Mnof the partition

wal | formng the groove, HP is the surface osphor, L, is the

Wi dt h 9fighbee g5 0pugkf De 1B QhoveNenparthtbomong) | shv a@f@@@SﬂbﬂE appl i ed
thereto, and Lp is

the application amount of liquid phosphor is larger than the

predetermined value can be identified.

wdoar

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 application state of
liquid phosphor applied to the substrate with at least two
kinds of groove width orderly constituted as specifically
shown in Figs. 4 end 16, the angle of light
incidence/reflection 8§ optimum for the inspection is
determined by the formula 2 below, where H is the height of
the partition wall forming the groove,_Hp is the surface
height of phosphor, L, is the width of the groove formed of
the partition walls with phosphor applied thereto, and Lp‘is
the width of the groove formed of the partition walls
without any phosphor applied therete. Here;’as an example,

calculation is performed on the assumption that the éngular



the width of the groove fornmed of the partition walls w thout any phosphor
applied thereto. Here, as an exanple, calculation is perforned on the
assunption that the angular - 55 aperture Gk is 0* by stopping the

di aphragm on the image capture side to the last. tan-' 2(H - HP) < 0:~
tan-- 2H L. L,6 By carrying out the inspection at the thus-obtained angle
.of light incidence/reflection O, the SINratio sufficient for carrying out
the inspection with high accuracy can be obtained as descri bed above.
Further, as. described above, in theésal cul ation of the formula 2,
assunption is made that the angular aperture Ck is 0', but in reality, the
predet er m ned angular aperture Gk capable of capturing the light w thout

fail i I t S ol ffl ent SI ratio is,obtained in the

act ual FEES%%%ign % %Xgﬁl?ﬁégngf bﬁedlgﬁ orar 8 ?Fﬁremeﬁecan,be

consid r Ia I n additi on, the second net hod effective for
decreag{%%uﬁﬁ %#%%é%r%Pb |%€Fove the SINratio includes Iimtation of the

wavelength of the inspection light to be 360 nmor under. As described
above, the cause of gener ting N in the inspection signal is the incidence

of the reercted | - H the gtove bottom part which need not be
i nspect ed, i. Itromltﬁe e%&%trrg | ayer on the imagi ng neans. The

By carrying out the inspection at the thus-obtained

— angle of light incidence/reflection 8, the S/N ratio
sufficient for carrying out the inspection with high
accuracy can be cbtained as described above. FUrther; as .
described above, in the calculation of the formula 2,
assumption is made that the angular aperture 6% is 0°, but
in reality, the predetefmined angular aperture 9k capable of
capturing the light without fail is present. Thus, if the
sufficient S/N ratio is obtained in the actual inspection,
the magnitude of the angular aperture 8k can be considered
in the formula 2.

In addition, the second method effective for decreasing

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

rite., from the dielectric layer on the imaging means. The

dielectric layer contains much glass component as contents,



dielectric |layer contains nuch glass conponent as contents, - 56 and gl ass
has the optical characteristic of easily absorbing the Iight having the
wavel engt h of 360 nm or under. Thus, by using the light having the

wavel ength of 360 nmor under in the inspection, the reflected light S
fromliquid phosphor can be obtained in an. equival ent manner to that of

t he conventional technology while the reflected light.N from the
dielectric layer is decreased, and as a result, the SIN ratio is inproved.
"The third nethod effective for deere&asi-ng Nin order to inprove the S/N
ratio includes installation of the mask 2130 fornmed of a material of |ow
light reflectance in the grooves which need not be inspected as shown in

ig. [ b . o, of . get [ N, | he_J i
<i gnal o BRESSThRachn BPEinklr sRRLEEL I PERE Pronrens) "abuovaBB: { om part
whi ch d be L.k d ' [ b [ h
rea t Srr SrDGs PRy D cREr uAPet Raeh R SRonFA R MR MR ow

refl ec : @0 t fl.ect: i.gh : 1 2112 13 from
t he |i%??%%%ﬁgskﬁsrﬂg%%g,h%%%?? bhalhavEighgbn ektdeo %ép?ﬁ?ggdé%th hi gh

sensi tijwi the andpkheippasunenentiskgnal 114RYe50EMHR12040f shigh S/N ratio
can be obtained. The fourth nethod effective for decreasing Nin order to

_i nprovehbehSkNchat be bBektides FBNHhaehuk @a®bnthRansubstbatgatoobe

inspected so as to facilitate the inspection
the conventional technology while the reflected light N from °

y the dielectric layer is decreased, and as a result, the S/N

~ / - ‘l »
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 sﬁown in Fig. 21. As

" described above, the cause of generating N in the inspection
signal is the incidence of the reflected light from 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 the mask 2130 of low reflectance,
onl& 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 signal
ﬁavefdrm 2120 of high S/N ratio can be obtained.

The fourth methqd effective for decreasing N in order
‘to.improve the S/N ratio includes manufacture of the
substrafe to be inspected so as to facilitate the'inspection

of liquid phosphor. More specifically, the subsﬁrate is



of liquid phosphor. Mre specifically, the substrate-is - 57 manufactured
so as to satisfy the inequalities 6 given below, where His the height of
.the partition walls form ng the groove, and H is the surface hei ght of

| i quid phosphor. 0.6 < HH/H < 0.9 By satisfying the inequalities 6, the
reflected light S fromliquid phosphor to be inspected is incident on the -
i magi ng means even when the angul ar aperture of the inmaging neans is
sufficiently wide so as to inprove the inspection sensitivity, the
reflected light N fromthe groove‘b39t6n1 part which need not be inspected
i.s bl ocked by the partition walls, and the angle of |ight
-incidence/reflection O at which the light is not incident on the imaging
means gafubgcteasdl ¥osek. tbnsaddisifiyofthel finkl@aheitdlls 1 @fividre bpdrdw,t i on
walls is equal to the surface height H of liquid phosphor, the intensity
of thewhetkert & thghheBght oot! tihhdi daphbspborwalbsbformspectied beconmes too
hi gh by the principle of the inspection nethod of the present invention
descri bedomkpvend Hpdig hehe i gintfafe theighit eritiawdd addisphathe capacity of
the light receiving el ement provided on the inmaging means is incident on
.the light receiving el enent, and neasurenent of high accuracy cannot be
expected. The fifth nethod effective for decreasing Nin order to inprove
the S/N ratio i ftdudesiédaci Agf a fluorescent - 58

By satisfyihg the inequalities 6, the reflected light S

-’.-‘
o

from liquid phosphor to be inspected is incident on the
imaging means even when the angular aperture of the imaging
means 1ls sufficiently wide so as to improve the inspection
sensitivity, the refleécted light N from.the groove bottom
partrwhich need‘not be inspected is blocked by the partition
walls, and the angle of light incidence/reflection 0 at
which the light is not-incident on the imaging means can be
easily set. 1In addition, if the height H of the partition
walis is equal to the surface height H, of liquid phosphor,
the intensity of the reflected light S from liquid phosphor
to be inspected becomes too high by the principle of the
inspection method of the 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, and‘measurement of
high accuracy cannot bé-expected.

| The fifth method effective for decreasing N in order to

improve-thé S/N ratio includes coating of a fluorescent



| ayer successively fromthe w dest groove when manufacturing the substrate
310 constituted of the grooves of at least two Kkinds of the width 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 Iight
from the dielectric |ayer of the groove of 'large groove width is incident
on the imagi ng neans when inspecting |iquid phosphor applied to the groove
of the small groove width in the suhstrate 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 [|iquid phosphor is

i nspected, the reflected light S from Iliquid phosphor to be inspected is

i nci dehayen shecesagvaly fhhohethdewiddsectrdove gitbtelN famnfadieugioove bottom
part of the small groove w dth which need not be inspected is blocked by
t he pathet sobhstuabts, 3a0dcohetahgtedodt | tight grooceslemtedt efeasti oo 0 which
is not incident on the imaging neans can be easily set. In addition, when
carryih@ndatofhéheiﬂé@ébtaénsbﬁwmiéﬂiﬂi@ﬁosﬁh@mdab%lie@st@eﬁﬁél@$@ove of
the small groove depth, the dried fluorescent |ayer is already, coated on
t he gr@BoBeof at RECPA&FPPelyr BbaE What B/ Nakatipnie thei inspackéaReh® |ayer is
lower in reflectance than_the dielectric layer, the reflected light N from

the gro89E3dRAi EANAESETABLY bRCPREPetbeR FledEef baskedwhbAlt nEpelt i ng

liqUidtﬁQOaEQ?ébtggg Eggeglg%rgﬁgogigo%gpggvfgigé g?oove width is

) incident on the imagiﬁg means when inspecting liquid
bhosphor applied to the éroove of the small groove width in
the substrate 310 constituted of the grooves of at least two
kinds of the width. Thus, the fluoreséent layer is firstl
coated on the greoove of the large groove width, and if
liquid phosphor is inspected, the reflected light S from

h liquid phosphor to be inspected is incident oﬁ.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 8§ which is not incident on the imaging
means can be easily set. In addition, when carrying out the
inspection of liquid phosphor applied to fhe groove of the
small groove depth,.the dried fluorescent iayer is already
coated on the groove of the large groove width, and since
this fluorescent layer'is lower 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.



In addition, the inspection nethod of the present invention is
characterized in that the imging neans has a plurality of light receiving
el ements arrayed in a one- dinensional manner, this light receiving el enent
is disposed in the direction orthogonal to the direction of relative
movenment of the substrate to be inspected to the optical system i.e., in
the sane direction as the groove fornmed on the substrate, the reflected
light fromliquid phosphor is captured with the predeterm ned wi dth, and
the intensity signal is used in thed nspection-of |iquid phosphor as two-
di mensi onal image information. In addition, the signal processing neans in
the i nspection nethod of the present invention is characterized in that

bri ght ness 'nforga%lon L Iur lity o Ilgh ece|V|ng el enents is
added to i g9fAF 5P et FBR b% %?ﬂ HO%ym? é B RERSS2End  averaged in
t he arr.angi di r.ect aon of the L enents t he average

h
bri ght nés r% éﬁ%l gngEFEéﬁegeg : 8|n&§533mﬁ§ﬂﬁa Fﬁ@hﬁvg?ﬁgé val ue. By
repl acing, 1 ﬁ?éggﬁquﬁrtgg E%ﬁﬁ e?@% npavetorm by ; .t he ahove brightness

si gnal “wave formng Sim 8 roceSS|ng “thereafter,

the ath_ f% alyﬂﬁ&ﬁﬁrofthiguﬂ gB@O§BQ%Ev§BB|' gm%ﬁttqg %Hg %E%.e shomn
i"gh wll be

in Fig. € neasuréd with accuracy. processin

descri hed ﬁMet falrr%f&rl%%%rttao 981 %oareﬁeZén/é%t(i%ﬁcro'fb%ﬁ*&qvé the
substrate 320 shown in Fig. - 60 | '
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 predeterminéd width, and the intensity
signal is used in the inspectién-of liquid phosphor as two-
dimensional image information. In addition, the signal
processing means in the inspection method of the present
invention is characterized in that brightness informatioﬁ
for a plurality of light receiving elements is added‘to
image information obtained by the imaging means, and
averaged in the arranging direction of the light receiving
elementé, and the average brightness signal waveform é%n be
obtained by using the average value.
By replacing this aﬁerage brightness signal waveform by

the above brightness signal waveform 660, etc. and

. performing similar proceséing thereafter, the application
volume of ligquid phosphor applied to the substrate shown in
Fig. 5 can be measured with high accuracy. This processing
will be described with reference to Figs. 5land 22.

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



has the groove 119 having transverse ribs, which is different fromthe
substrates 300 and 310 shown in Figs. 3 and 4. Wen |iquid phosphor is
applied to the groove 119 having transverse ribs, |iquid phosphor 2201,
. 2202, 220.3 and 2204 is applied wth different application volune for each
of a plurality of cells 120 since the viscosity of liquid phosphor is
~relatively higher than that of water, etc. However, when the brightness
signal. waveformis .obtained by paying attention to only one pixel in the
light receiving elenent of the i magsgg- neans i medi ately after applying
| i qui d phosphor, the quantity of light captured by the light receiving
el emrent becones the representative val ue indicating the application volune

of liq hosphor_ a to the groove hayi ng transverse ribs, and the
applicgt%bﬁﬂbol Tive VSt e%ﬁgFgﬁ 15T, Jeﬁﬁﬁb HgﬁfcﬁﬁﬁSP Bé measur ed

correc I T i at flected_.light fromthe
'I|qU|dEi¥%%%ﬁ%$!§%8 g%%lﬁe%S% ﬁgt%%b de?ﬁﬁpﬁ OwPhé“s@Fﬂgge 3shape of
one pi ign i I al. av. aptured a he position
of tﬁeéﬁg%tteg%%%hquqbi k%%ﬁgﬁ@%eégys % daave nﬁf?fa'lh& cated by

the gr tai.n 0 I t ot,al i,cation vol une
of t%eaggﬁ%%ggﬂéﬁﬁ?ﬁ%phgggﬁorqﬁ§%§§£?$°%% P%gﬁeb?g?V ?83 Plght from

‘the |i quiod RROSPRAN <3204 tnapRlfirRd 3@ tl’ldca(% oﬁxmhﬁe 'da¢ sufhace shape
of one pixel in question is incidentally flat Is captured at he position
- 61 of a plurality of cells 120 since the viscosity of liquid

phosphor is relatively higher than that of water, etc.

— Howeve:, when therbrightness‘signal,waveform is obtained by
paying attention to only one pixel in the light receiving
elementrof the imaging means immediately after applying
liquid phosphor, the quantity of light captured by the 1light
receiving element becomes the representative value
indicating the application volume of liqﬁid_phospher applied
to.the'groove having transverse ribs, and the application
volume of the total liquid phosphor cannot be measured
correctly if tried. This indicates that, if the reflected
light from the -liquid phosphor 2204 applled so that, for
example, the surface shape of one pixel in questlon is
‘1nc1dentally concave is captured at the position of the
dotted 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 the reflected light from the liquid phosphor 2201

applied so that, for example, the surface shape of one pixel

in question is incidentally flat is captured at the position



of the dotted line x', the total application volunme of the applied |liquid
phosphor is the value for exactly filling a space between the part walls.
To prevent this, and to nore correctly neasure the total application
vol ume of |iquid phosphor applied to the groove 119 having transverse
ribs, the reflected light from the applied Iiquid phosphor is captured for
sufficiently |arge nunber of cells, and the brightness thereof nay be
. averaged to obtain the representative value indicating the application

- volume of the applied |iquid phosphog1 Mre specifically, brightness
information for a plurality of light receiving elenents is added in the
arranging direction of the light receiving elenents for i mage i nformation

obt ai ned- hy the .imagi.ng neans, _.an veraged for the wwdth y between the
dot t ed 95 éllq‘;hese ffg(tt?(ﬂ 1Iﬂlqbe B2, %qﬁq?ges%mdqad%lorbﬁ{%%%@ﬁ H&'%ver age

bri ght Si | f.orm.2221 ..i.ndicated: t he graph_ 2260 by using the
aver age%%luéégnqglyqd@é%ﬁgﬁp&%&s It:r:f‘ead’dara]t"}eorfgllf tﬁ’%aC?Fe]tXEo@]ééﬁ%a?t ural l'y be
used i WRASH S8 plication volune of |iquid phosphor.

appl i‘ezl%r%g%‘[ he grooves el%r@l%éa,al 7 .and 118 having no transverse ribs. In

the above d@%pb&%%%ﬂQ’th&susaﬁﬁ§%ge oi At 636h..f %ea%ﬁ&%e & every liquid

phosphor applied to the grooves on thé substrate is ins &d in the

R e i
groove 119 having transverse ribs, the reflected light from
the applied liquid phosphor is captﬁred 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
specifically,'brightness information for a plurality of
iight receiving elgments is added in fhe arranging -direction
of the light receéiving élements for imagé information
obtained by the imaging means, and averaged for-the width y
between the dbtted lines x-x' in Fig; 22, and processing for
obtaining the average brightness signalIWaveform 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_apblied to the grooves 115, 1ise, il? and 118 having
no transverse ribs. |

In the above description, it is assumed that each of a
part of every liquid phosphor applied.to the gfooves on the
substrate is inspected in the direction across the grooves

formed in the substrate as the representative for each



/I '-\\

groove which is the object to be inspected. However, liquid phosphor is
preferably inspected over the entire surface of the substrate by using

met hods such as (1) of increasing the view field of the imagi ng nmeans, (2)
of increasing the nunber of imaging neans, and (3) of carrying out a
plurality of inspections while changing the view field of the inmaging
nmeans to one substrate to be inspected. In addition, the inspecting neans
of the present invention has a neans of neasuring the noving speed of the
substrate, and is characterized in tgpat- the application volunme of each

| i qui d phosphor can be neasured with high accuracy w thout being

i nfl uenced by the variance in the substrate noving speed. The liquid

phosphor a%pliggt'on vol une .can be peasured correctl% even by using a
rel ati J&PQVE HEAHEN<Py&PguRbERSte tRaPRY LRGPRELRSE - wi BRYEYRPTandd F S he

bst I d_w.t hout -usi [ bst r at [
Teans BHOSBRE o Bl A EG Lo LETBELr A VAE thE BREAEForMiedosplod by

[ b MOV d d_ref [ he obt ai ned I
Tt he R cHPEREATS B BN B BRRoSBRG: “Apgiy cAti CROVEPAREY b Conch

groovey Bl e IEaRS g HRARWTI N9t RE SHBSLLALg TRYLNG Speed . of

the present invention requi ré any specia y, but is

capabl gabeFPRF g 4o nadlsl | 3he TAYI B AReSARBY olite DEhehbNgEy Signal

obt ai ned to neasure’t I quid phosphor app ti"on volu resulfting in

- ho WQSBQ'QBs@%ctions while changing the view field of the imaging

N - .means to one substrate to be inspected.

7 In addition, the inspecting means of the present
invention has a méans of ﬁeasuring the moving speed of the
substréte,.and is characterized in that the application
volume of each liquid phosphor can be measured with high
accuracy without being influenced by the variance in the
s@bstrate moving speed. The liquid phosphor application
volume can be measured correctly even by using a relatively
inexpensiﬁe éubstrate carrying means with variance in the
éubstrate carrying speed without using any expensive
‘substrate carrying-means capable Qf carrying the substrate

- at the predetermined speea by measuring the substrate moving
speed, and reflecting‘the obtained result in the measurement
of the liquid phosphor application wolume for each groove.
-Further, the means for meésuring the substrate moving speed
1of the present invention does not require any special
facility, but is capable'of measuring the substrate moving
speed by the brightness signal obtained to measure the

1iquid phosphor application volume, resulting in no waste of



the cost. Troubles when the substrate noving speed is fltuctuated and
specific renedies therefore will be described with reference to Fig. 23.
As described above, in the PDP, the fluorescent layer 1is fornmed at the
predetermined interval Lp. It is assuned here that the substrate carrying
speed is constant. The brightness peak of the obtained brightness signal
waveform naturally appears at the periodic interval nLp (m constant)
correspondi ng to the space of 1iquid phosphor. If assunming that the
substrate carrying speed is not con$Bamt, the .-brightness peak of the
obt ai ned bri ghtness signal waveform appears at the interval different from
the interval mlp to the interval Lp of |iquid phosphor. If the above
oper at kgR chgtconsidered in the reverse direction, it is understood that
t he substrate noving speed can be neasured by neasuring the interval of

the bright nessulppakswhém agdli suoskrite ifovinncspeled tHatlutfudtedi nterval
of the brightness peaks is constant, the substrate carrying speed is al so
const aahd apédciiffict hembdiesvaheotfbhe Bhilghbaedsspeaked wiikh vari ance, the
substrate carrying speed is also in variance. A case will be considered

- bel ow irefthahcer aubFég.o28ur in the neans for applying |iquid phosphor to
the grooves, for exanple, no liquid phosphor is applied to a certain
groove, or Asqad¢sicrphedphorvef ihetlheobPP, behewfiheresgdant layer

is formed at the predetermined interval Lp. It is assumed
here that the substraté carrying speed is constant. The
brightness peak of the obtained brightness signal waveform
naturally appears at the periodic interval mLp (m: coﬁstant)
corresponding to the space of liquid phosphor. If assuming
that the substrate Carrying speed is not constant, fhe
‘brightness peak of the obtained brightness sigﬁal waveform
appears at the interval different from the interval mlLp to
thé interﬁal Lp of liquid phosphor. 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 brightness peaks. 1In 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 carrying speed is also in variance.

A case will be considered below in that troubles occur
in fhe means for applying liquid phosphor to the grooves,
_for example, no liquid_phosphor is applied to a certain

groove, OF liqﬁid,phosphor of the amount below the



predeterm ned value is applied, but the intensity of the reflected Iight
-is low. In such a case, the reflected light fromliquid phosphor is not
extracted as the brightness. peak, and the interval of the brightness
peaks is different from the predetermned interval nLp simlar to the
above ‘case in which the substrate carrying speed is changed. As descri bed.
above, in the extraction of the brightness peaks, the brightness peak at
the point apart fromthe N-th brightness peak by the distance niLp for the
bri ghtness waveformis extracted-as4he (N+1)-th brightness peak, and
these operations are repeated for all brightness peaks. Thus, if the

. di stance between the brightness peaks is not .nip, the (N+l)-th brightness

peak capaalbenigeagnired. [napokiinde gl deler ghpationyace cposi dered in

this c Oné is arlng position o righ ness peak is

devi at ed shaeauge 1§ ﬁtSHQSE gle mpvi ghsgeggsbs Ranged; .apdy h h ther one
hi e

is that the brightness pea cannot extracfe cause no I|q phosphor

i's appleirgdl Qr phespf re&%&@d% 40 W diserd® Ipegfifle |atter
IS attrlbutagP PE 55 gf ?ﬁé substrate which is an objecfxﬁio be
i nspechad, taad i Neaiyah a@ detenri gadnaakupabiy. 1sH€¥B@‘f€EentnfEBﬁ former, no
defective parts. are present in the substrate itself, and it wll be a

m st akeRedptedeitefnihedNEnite rdat ennpnednhete. thicBeBBBYet hake mhen t he
interval of the brightness peaks is different fromthe predeterm ned - 65
which the substrate carrying speed is changed. :
~ As described_above, in the extraction of the brightness

-peaks, the brightness peak at the point apart from the N-th
~brightness peak by the distance mlp for the brightness

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

these operations are repeated for all brightness peaks.

Thus, if the distance between the brightness peaks 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

liquid phosphor application volume is small. The latter is
attributable of defects of the subetrate which is an object

to be inspected, and NG must be determined naturally.

Howevei, in the 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



interval nmlp, it is necessary to correctly determ ne whether or not the
difference is attributable of any defect of the substrate, or the variance
in the substrate carrying speed. For this purpose, the substrate carrying
speed is neasured, and defects of the substrate nmay be determined if the
noving speed is not changed, or no defects of the substrate may be
determned if the substrate noving speed is changed. Here, a specific

met hod for neasuring the substrate carrying speed will be described with
‘reference to Fig. 23. Firstly, it i 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

WaVGfOEHt%%QQliﬂﬂ%?aﬁ%qiQYnEE%snggpEozéégrEEtE&Qdegérﬂ§?§hQH@t§¥f2303"

and a plurality o bri ght ness peaks are continuously 1 nfluence n, o and

p:  coBst aBt) thEndikecebhee handctwhgncAB1ki g¢i dnphesphet L8 tgaplied, or
when the brightness peak for the groove cannot be extracted because the

appl i catbeRr¥ekynBri $hemehkiahbe iappaeeBubBEirgbtnessrpeal spteaval. 2302
becones integral -nultiple of the predeterm ned interval nip. By utilizing

t hese tom thitepemnboekar abhkesubkiteatewhat-hginer spekdany mdekaekidye part is
actual ly present when the interval between the brightness peaks is other
t han nmkepd Tkifscirsaps that subkéretiesmaydbtedeieenpartl 28310hef mbhénbri ght ness
peak interval is integral nultiple, the substrate is determ ned - 66
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 substrate
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 peek interval is changed at random
in the brightness signal waveform 2300 indicated by the
' 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 phosphof is
applied, or when the brightness beak for the groove cannot
:be extracted because the application volume is small, the
apparent brightness peak interval 2302 becomes integral
multiple of the predetermined interval mLp. By utilizing
" these two different characteristics, whether or not any
defective part is actually present when the interwval betﬁeen
the brightness peaks is other than mLp. This means that
there is a defectite part 2310 if the brightness peak

interval is integral multiple, the substrate is determined



NG regardi ng the acceptance/rejection thereof. On the other .hand, if at
| east one of two conditions that the brightness peak interval is not
integral nmultiple of mip, and that the intervals of the plurality of
bri ght ness peaks are continubusly influenced is established, it is

- determ ned that no defective part. is present in the substrate though the
substrate carrying speed is fluctuated during the inmage capture of the
part. By introducing this signal processing nethod, presence/absence of
any defect can be determined everm i@ the variance in the substrate
carrying speed. For the conveni ence of the description, description is
made only for the case in which the substrate carrying speed is. suddenly

reducedic RulyatriisgMehod deephiecaphieedhba engReothenchhensubsheat
carrying speed is suddenly increased. As described above, the nmethod for

cal cul alindg tilfe atsuksistabaeCaifr ¥dd copeed ibyst heasl ghal pehlyaithedsf or
nmeasuring. the liquid phosphor application volune as a neans for neasuring

t he supshkatiateavali 1g sptedntemradaiuditigian ofi REXpeRNdVehdeviche. As a
matter of course, an exclusive facility for neasuring the substrate
carryi ngtepeed si & thrstpdilred iftgr ofth®rdghsteatse prakisngrepeed neasuri ng
means, and the obtained substrate carrying speed information is input in
‘the si graltipuoredyi g ilwansesh iss st ald isdfldectidd 18 dettleermimasiur ement  of
the |iquid phosphor application volune. for each groove. In this case, when
t he di $batceoh ivegpart. is present in the substrate though
-  the substrate carrying speed is fluctuated during the image
iy |
e - 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 made dnly
for the case in which the substrate carrying speed is
" * suddenly reduced, but this method is also applicable even
when the substrate 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,
and the obtained substrate carrying speed information is
input in the signal processing means so as to be reflected

in the measurement of the liquid phosphor application volume.

for each groove. 1In this case, when the distance between



t he brightness peaks is other than the interval nLp, the substrate
carrying speed information as indicated by the graph 2360 in Fig. 23
obt ai ned by the substrate noving speed neasuring neans is referred to. |f
"the noving speed is not changed, it is determned that the defective part
2310 is present in the substrate. If the substrate noving speed is
changed as shown by 2304, it may be determ ned that no defective part is
present in the substrate. The case in which there is variance in the
_substrate carrying speed is indicatéd.— However, the inspecting neans of
the present invention can be realized by noving at | east one of the
~1llumnating nmeans and the imagi ng neans, and the substrate to be

i nspecied. plf HALLAACE LD SSRECR b PEESEN N she - BV pRG MeRRS for each of

them speed corrective an ef i ve neans.
Descri ghinQR riy e”?g?rggﬂﬁesﬁ@eﬁhgnfg§ﬁﬁ%ﬁbﬂna@eﬁﬂggca@edtB? pR@sphor

i nspection step the present invention. Description will be nade

bel ow grabhe oizgopast kel . 0Bt bedalin e hasPRYLSIERSRRC oeingt epeedl) 254
with reference to Figs. 24, 25 and 26. At the tinme of the phosphor

| nspecic@RustieR mbbhs234, r@ £ ediriead thl_Uomes eent moddely Eheka naf het, referred
to as "fluorescent layer") is formed on the groove constituted of the -

- partitichang@d,s itThe detreradaedt thayethies dedioned vef pafritne 3par tiiscl es mai nly
consisting of fluorescent material in - 68 _
‘present inn the substrate. If the substrate moving speed is
changed as shown by 2504, it may be determined that no
defective part is present in the substrate. The case in
which there is variance in the substrate éarrying speed is
indicated. However, the inspecting means of the present
invention can be realized by moving at least one of the
-1lluminating means and the imaging nmeans, 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 inspectionlmethod in
"the phosphor inspection step (I) 252 of the present
invention. Description will be made below on the inspection
- method in the phosphor inspection step (II) 254 with
reference to Figs. 24, 25 and 26.
| At the time of the phosphor inspection step (II} 254, a
dried fluorescent layef (hereinafter, referred to as
"fluoreséent‘layer") is formed on the groove.éonstituted of
the parfition walls. The fluorescent layer is formed of

fine particles mainly consisting of fluorescent material in



.a coagul ated manner, and a |arge nunber of fine uneven parts are forned
on the surface of the layer. Wien the state of this fluorescent |ayer is
i nspected by the conventional technology, the incomng |light 2420 is
allowed to be incident on a skirt 2410 with heavy changes of the anount of
phosphor as shown in Fig. 24, and the reflected light from the skirt 2410
is captured by the imging neans 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 differend® im brightness is small between. the
scattering |light 2431 incident on the imgi ng means 2440 fromthe '
fluorescent |ayer 2401 with the standard anmobunt of phosphor, the

scatt eql k@agligAte243@nheei, defl anibkgel ABALRY oFEaRfe2d4AQvERORLLRS
fluorescent |ayer 2400 with the amount of phosphor |ess than the standard
val ue, aged folt@esiCaht €hiengurlrhghbt 02438l Neiydent @Rechhenhemaghbpg seans 2440
fromthe fluorescent |ayer 2402 with the anmount of phosphor | arger than
t he st ahdar dlvakeecehir thger Weeinapycilkedobgseant cohg&garibsanot formed due
to defects, the incomng light is reflected by the dielectric |ayer 2450.
The di ¢eethprilogyl, aybe iacbodimgd laghtti Bd2pakiti alléswrd nbybeonsi sting of

gl ass powder in a coagul ated nanner, a |arge nunber of uneven : parts are
f or med iogidkets onf acekiilrgr @4l Osimiithahetyyt kbanftkesopds tbrt atayet, odnd t he

| ight scattering occurs thereby, and the scattering |ight 2460 is incident
on thepb@ﬁ@b@g asgghown 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 small between the
'scattering light 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 ambunt
of phosphor less than the standard value, and the scattering
light 2432 incident on the imaging méans 2440 from the |
fluorescent layer 2402 with the amount of phosphor‘large;
thén the standard value. Further, when any‘fluorescént
léyer is not formed due to defects, the incoming light is
reflegted by the dielegtric 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 the
fluorescent layer, and the liqht scattering occurs thereby,

and the scattering light 2460 is incident on the imaging



means 2440. This means that, in the conventional technology, the change in
the image capture brightness is small to the change in the shape of the
fluorescent |ayer as indicated by the curve Uin Fig. 26, and neasurenent
wi th high accuracy is difficult. As described above, the phosphor used in
the PDP.is excited to emt light by irradiating ultraviolet rays. ‘The
intensity of emssion is influenced by the anount of phosphor at the part -
subjected to irradiation of ultraviolet rays and higher as the anount of

- phosphor is larger, and the intensi@y-of em ssion is |lower as the anount

of phosphor is smaller. The inspection nmethod of the present invention
utilizes this principle. As shown in Fig. 25, when the fluorescent |ayer

is irradiate it h i of .th vel t f 60 .nm-or_under for
pronDtﬁ%éﬁ%hg4%Pdorg2§€%g%£%§ggﬁ%ﬂﬂ H%lqﬁﬁg.iﬁg,gf éﬂuh éﬁﬁ %?%ﬁg ‘he

CE Co di t . . ) f
phosphors. CPRISS the Tb; {nPsesar tor o PoPasasnt phorsbhecys 3840, 2541

‘and 25éaanbachﬁe@heoehgag b&a@hegfmﬁaeéséénﬂolggebigﬁeinéﬁcabsda unt  of

phosphor is larger, an ower as the anount of phosphor 1s smaller as

i ndi catgd @MrbBeUCQhV@ig.iQ6Eiﬁndzﬁeawhﬁam@ﬁt_&iﬁﬁrﬁ§éﬁn&c&§¥§éyi5 for med
due to any defects, no fluorescent photogenesis is generated, and the imge
capt ur ésbdiglit.eess .becones much | ower. This neans that, in the - TO
As described above, the phosphor used in the PDP is
excited to emit light by irradiating ulfraviolet'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 amount 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
Fig. 25, the intensity of the fluorescent photogenesis is
different according to the amount of phﬁsphort 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 lowér as the amount of phoéphor
is smaller as indicated by the curve X in Fig. 26. Wheﬁ no
Ffluorescent 1ayer.is formed due to any defects, no
fluorescent photogenesis is generated, and the image capture

brightness becomes much lower. This means that, - in the



inspection nmethod of the present invention, the anount of phosphor is
measured by utilizing the relationship between the anmount of phosphor and
the intensity of fluorescent photogenesis to determ ne non-defective or
defective products. In the above, description is made on a substrate node
.with four fluorescent layers of different anmount of phosphor ° adjacent to
each other as an exanple for easy understanding. However, in practice, a
plurality of fluorescent |ayers nust. be inspected. In order to carry out
the inspection of all phosphors for'fed on-the substrate, the bright ness of
the fluorescent photogenesis nmay be neasured while relatively noving the
~position of the substrate with-respect to the incomng light in the

di r ect imspaetdss meehgHooYeshbopredenl ihbensubstr ahe. akelak! ed
configuration of the device will be described below As described above,
t he ingppecphomr daf meeshiredr bycent 1ikayer the ealkitedneutpf Betaveny
fluorescent |ayer applied on the substrate to obtain the brightness si.gnal
wavef oitine7 200undr pés pbodphgrt entthéhaminnenef tphospiduoetstknar escent | ayer
..as indicated by the graph in Fig. 7. This brightness signal .waveform
720 i spPhotmegnesisualtoy detecoinespondddfectiie par tiefetttite fl uor escent
| ayer of the substrate, the large brightness signal and the snal
bri ght RESSUSIEEnal are obtained fromthe grooves b and h including the

fluorescent _- 71 L, . '
: In the above, description is made on a substrate model

~with four fluorescent layers of different amount of phosphor

-,
R

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 onuthe‘substrate, the brightness of the
fluorescent photogenesis may be measured while relatively
moving the position éf fhe substrate with respect to fhe
incoming light in the direction across the grooves formed on
the substrate. Detailed configuration of the device will be
described below.

As described above} the inspection of the fluorescent
layer 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
-waveform 720 is formed normally if correéponded to the part
" of the fluorescent layer of the substrate, the large

brightness signal and the small brightness signal are

- obtained from the’grooves b and h including the fluorescent



| ayers 700 and 702 with the standard anmount of phosphor, and fromthe
grooves e and k including the fluorescent |layers 701 and 703 which are not
normal Iy applied, respectively, and it is shown that equival ent brightness
fromthe groove k can be obtained fromthe grooves a, ¢, d, f, .g, i, j and
1 having no fluorescent layer forned 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 fluorescent layer is forned or
should be formed are referred to as’¥10, 711, 712 and 713, respectively,
‘and hereinafter, referred to as "brightness peak”. .No fluorescent |ayer
is formed on the grooves a, ¢, d, f, g, i, J and 1, vyet. But in sone

- cases, lidverd Taneseent702 ayah Whidh saneldeid Galodh t0h FORRIsphwe:, Caher S
t hereon have already been fornmed due to the convenience of the step. In

such cdses the @rdeveso eCamdy uhdlhelins peet ifamdiespaYitNd avaidsention to
only a certain color to be inspected, a captured imge wavel ength

sel ect i’d mwahs 03s wivieh dew ot hermaEdingprades,, arépdat iivedgection is
carried out for the color to be inspected. Acceptance/rejection of the
subst r &€l tiF e ishopecttdat camilye ldette briggdneys spdroar rihrg groevel gna
processing_ simlar to that of the waveform obtai ned by the inspection

net hod GaR H1fe ObGdEIest fnegpddis grosves @) 252,0ff,t le ipr gsemd ilnvention to

t he em, ssi.on briqﬁtness signal waveform- 72
having no Tluorescent 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 fluorescenf layer is formed or should be fofmed
are referred to as 710, 711, 712 and 713, respectively, and
hereinafter, referred to as "brightness peak”.

‘No fluorescent layer is forméd on the grecoves a, ¢, 4,
f, g, i, j and 1, yet. But in séme cases, the fluOresceht
layer with another color or other two colors thereon have
already been formed due to the conveniénce of the step. 1In
such cases, in order to carry out the inspection by paying
attention to only a certain color to be inspected, a
¢ap£ured image wavelength selecting means is provided on the
imaging means, and the inspection is carried out for the
color to be inspected.

Acceptance/rejection of the substrate to be inspecfed
can be determined by performing the signal processing
similar to that of the waveform obtained by the inspection
nethod in the phosphor inspection step (I) 252 of the

‘present invention to the emission brightness signal waveform



obt ai ned by the above inspection nethod. In addition, the nethod for
detecting any defects wth high accuracy by using the above substrate 7
carrying speed can al so be applied. An inspection device for realizing the
inspection. . nethod and the nmanufacturing nethod of the present invention
will be described with reference to Fig. 27. Fig. 27. is a schematic
illustration of the inspection device for-realizing the inspection nethod
of the present invention. The inspection device of the present invention .
basical |y conprises an illuninating Means 2710 for allowi ng the inconing
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 inaging

neans 2ph2Aihed bgaphdr kRgvehenkpbbeebadmbiabl.2708 aadtheoh! uenescent
phot ogenesis 2703 fromthe |iquid phosphor surface by a predeterm ned

angul ameahert doe, dandca inggadl pedeessi RthnBags 2édhrhey proaessgng the
intensity signal of the reflected Iight 27.02.or the fluorescent
phot og&hesaboé03ubslhitraiteedalry yiihg. sperdi ognmaass, bandppheedl. | um nati ng
means 2710 and the imagi ng neans 2720 are fixed by an angle adjusting.
mechani sm 2Z43ipapabt gonf dehiangi Agrt heaangiegothe |l igkpecntonence/ refl ection
0 between 20" and 80" w thout changing the distance to the reflection
poi nt &ethld kpghthe waenfekéurisgeveitbadnetthstieobrelengr éswpntinnrention is
carried out in the phosphor inspection-ste%,(l) 252, the - 73
will be described with reference to Fig. 27.

Fig. 27 is a schematic illustration of the inspection
device for realizing the inspection method 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 reflected light 2702 or the fluorescent
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
reflected light 2702 or the fluorescent photogenesis 2703
obtained by the imaging means, and the illuminating means
2710 and the imaging means 2720 are fixed by an angle
adjusting mechanism 2743 capable of changing the angle of
light incidence/reflection 0 between 20° and 80° without
changing the distance to the reflection point of the light.

When the inspection method of the present invention is

Cérried out in the phosphor inspection step (I) 252, the



-angle of light incidence/reflection O preferably satisfies the formula 3
bel ow, where His the height of the partition walls constituting the
groove., Hp is the surface height of the phosphor, La, is the width of the
groove constituted of the partition walls with the phosphor applied
‘thereto, and L is the wwdth of the groove constituted of the partition
walls with the phosphor not applied thereto. In addition, Wwhen the ,
inspection method of the present invention is carried out in the phosphor

i nspection step (11) 254', the angl® of incidence 0 of the light and the
installation angle 011 of the light receiving part 2721 need not be sane.
tan-1 2(H - HP) < 0<_tan' 2H La LP In addition, the phosphor-form ng

-state Eﬁ?]@ﬁ%ﬁfgﬁgﬂ%ﬁ1nQM%%nEQ9IWQQQ%tH%BQEhpk@fEQ§b§9b§EE§E%1@9V'ng
dlrectlon can be inspected for the substrate 300 (or 310 and 320) by

movi Ng te |RASILING Yl HHeHd @atllsn&h@eﬁ@ig%llgfa%et PRrdifagnng means
2720, or the substrate 300 (or 310 and 320) to continuously picking up the

i mage- efalllke deefdtachad g gie o282 eQr H hesf tHer eseeate pheigaengsi s 2703 by
the imaging means 2720. In order to nove the illum nating means 2710 and

the i nag mhospdnrs,2720isathevivigtheanstRE44rsgeh asnatgantey of74 stage
is available, and in order to nove the substrate 300 (or substrates 310
and 320he gpaxnilidtircat evaddrs windp MbenphdspPor applied thereto, and L

p is the width of the groove constituted of the partition

wélls with the phosphor not applied thereto. 1In 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 and the installation angle

0'' of the light receiving part 2721 need not be same.

an™ M <@ <tan™ 24

@ ) {4

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 illuminating means 2710 and the
imaging mean§ 2720; or thg substrate 300 (or 310 and 320} to
continuously picking up the image~of.the reflected light
2702 or the fluorescent photogenesis 2703 by the imaging
means 2720.

In order to move the illuminating means 2710 and the

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



such as a stage or a roller carrier capable of loading, fixing and noving
the substrate nmay be available. The intensity signal of the reflected

l'i ght obt ai ned by the imaging neans 2720 is input in the signal processing
means 2731 as image information through the signal transmitting neans
2732, and the signal processing neans 2731 processes the signal, neasures
t he phosphor formng state, and further determ nes non-defective: products

or defective products. In addition, description will be nade in detail on -
the illumnating neans 2710 and thé4i magi ng neans 2720 of the inspection
device of the present invention. Firstly, the illum nating neans 2710

basically conprises a |ight source part 2711, a |light ejection port 2713,

and . askhght i5r apami gsien padt iR7d2qLPT 60pH6Et {RE é@@éﬁrgeap9@@nts to
each other. In partlcular regarding an exiting port 2713, the size of the

entire(devkGBsheade8081beahar 920) | hansub8akht8dcatPy Oh §hekfs PE BYENT
wast eful diffusion of the quantity of light of a I1ght source, the shape

i s slituthkes at beagedbh asrd01em earunder capadléher! vogitingj nal in the
| ongi tudi nal direction is 1,000 mmor under, preferably. Further, the slit
w dt h fsxpnegf endbhygvahgl ehst sQb3tpatsomayhbe avakasbletenthpart can be
illTumnated with sufficient intensity because the inspection is carried
out byiusengisy- s¥§nadtafidahd reghectedrtégbh oheaimedeby and the slit
length in the longitudinal direction is preferably at least. 10 nm so

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 detail 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 device need not be larger than
required. In order to prevent wasteful diffusion of the
quantity of light of a light source, the shape is slit-like,
the width is 10 mm or under, and the longitudinal in the
longitudinal direction is 1,000 mm or under, preferably.

Further, the slit width is preferably at least 0.3 mm so

that a measurement part can be illuminated with sufficient

intensity because the inspection is carried out by using a



that the measurenment part can be illumnated in a sufficiently uniform
manner in order to carry out the inspection with high accuracy. The |i ght
. source part 2711 of the illum nating neans 2710 includes a' hal ogen |ight
‘source, a nmetal halide light source, a black light source, a high-voltage
mercury lanmp, a |owvoltage nercury |anp, and an excinmer lanp, a |ight
transm ssion part 2712 includes optical fiber, an exiting port 2713
includes a light guide and a slit plate having an aperture in a nateri al
of low light transmittance ratio WWXIT are capabl e of disposing one side
end of the optical fiber in the line and exiting the light in the line. If
the |ight source part 2711 and the light ejection port 2713 cannot be

separ atseGrida0@ aaeh tolhel-cacepr ¢hrgnhekkhe khadtab sthe hight-nsewrce, the
light transm ssion part 2712 is not wused, but the light ejeéection port 2713

may be tihes tlalng@d uddinaac diy ceit ithe ilsi ghie feeuble Barleddtlio Wi addition,
either of or both of a light diffusing neans 2714 for bringing the
cor r el dthiadn thet weasureacsir bace cahape andumiealbedghhnass cl ose to the
proportional relationship by diffusing the exiting |ight and the |ight
pol ar i sufd idileedtlivomnddlogot magneeans 2zderf ao selregt ong tthe 1ight in the
desired polarizing direction out of the exiting - 76 |light in order to
i mpr ovénsmedtmege wiapt irighc estouasicyby using only the light in the desired
polarizing direction in
. 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 capable 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
rcannot be separated from each other according to the kind of
the light source, the light transmission part 2712 is not
used, but the 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 correlatiorr between the surface
shape and the brightness'close to the proportional
relationship by diffusing the exiting light and the light

polarizing direction selecting means 2715 for selecting the

light in the desired polérizing direction out of the exiting



the i'nspection may be fitted to the exiting port 2713. The Ilight diffusing
means 2714 includes a |light diffusing sheet, and the |ight polarizing
“direction selecting neans 2715 includes a polarizing plate. Next, a [ight
receiving part 2721 of an imaging nmeans 2720 conprises |ight receiving
el enents di sposed in a one- dinensional manner, and includes a CCD |ine
sensor canera and a photomal. In addition, the light receiving part 2721
has a |ight converging part 2722 for focusing the imge on the |ight
receiving el enent; and the |ight colferging part 2722 has an inmage capture
angul ar aperture adjusting nechani sm capabl e of adjusting the inmge capture
angul ar aperture so as to satisfy the inequalities 4 below. A light
- conver gi §8t Pt o 2de2 t@cmg@évént@@tiﬁ%eléglﬁtu@@dc&ﬂ@ry@@%y and |ower
limt values in the. inequalities indicate the possible .values realized in
a stopuseshashsi ehet DegRptigathel @osifON HEDEF L iRYI ROBEtibnt e
i nspection device of the present invention, the |ongitudinal direction.of
the |ight ieppsttoonpesy BZ1Binvddtbe théasgiogngipecti 2nisl thieel i ght
receiving elenments of the light receiving part 2721 are sane as the
| ongi t Lilghal dif festhgnmeéns h27phosphbudéser aetligntt dbffusihgt shcet, - 77
1.2< F<- 2.0 In addition, a light polarizing direction selecting neans
2723 fandstheclighttpelarghingndihectibsnr edlpotangznagns 2715

includes a polarizing plate.

. Next, a light receiving part 2721 of an imaging means

2720 comprises light receiving elements disposed in a one-
dimensional manner, and includes a CCD line sensor camefa
and a photomal. In addition, the light receiving part 2721
has a light converging part 2722 for fo;using the image on
the light receiving element, and the light converging part
2722 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 fo; general purpose. In the inspection device of the
present invention,‘the lbngitudinal direction of the light
ejection port 2713 aﬁd the arranging direction of the light
receiving elements of the light receiving part 2721 are same
as the longitudinal direction of the phosphor formed on the

_substrate.

oy



direction out of the reflected light may be fitted to the 1ight receiving
- part 2721 in order to inprove the inmage capture contrast by using only the
light in the desired polarizing direction in the inspection. The |ight

pol ari zing direction selecting neans 2725 includes a polarizing plate. In
addition, a received light intensity attenuating nmeans 2724 for '
attenuating the intensity of the Ilight-incident on the |ight receiving
part 2721 so as to satisfy the ineqyalities 5 may be fitted to the |ight
receiving part 2721. The received 1ifght- intensity attenuating means 2724
may include an extinction filter, and the upper and |l ower values in the
inequalities 5 are set so - as.to carry out the inspection with high
accuracy whenl2Ed <i2fhge capture angul ar aperture is in a range of the
above inequalities 4. 03<_ OD <- 2.0 A captured i mage wavel ength sel ecting
means 2725 for selecting the wavel ength of the Iight to be captured may be

(LR (o te Lugtk Lol 09 paLt, 27E TG capLuned LRI Sy

- dless Gt 20 opeens dege) vanihiety den e cabora L g ecel ving
fl T B e e R A

light receiving part 2721 in order to improve the image

capture contrast by using only the light in the desired

peolarizing direction in the inspection. The light

polarizing direction selecting means 2725 ;ncludes a

polarizing plate. In addition, a received light intensity

attenuating means 2724 for attenuating the intenéity 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 iower values in the inequalities 5 are set so

as to carry out fhe inspection with high;accuracy when the

image capture angular aperture is in a range of the above

inequalities 4.

03<0D<20

A captured image wavelength selecting means 2725 for
selecting the waﬁelength of the light to be céptured may be

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



wavel engt h sel ecting nmechani smmay include a three-plate type CCD col or

| ine sensor canera. When inspecting the phosphor formng state by the
inspection method of the present invention, if the resolution in the
direction orthogonal to the arranging direction of the |ight receiving

el ement of the inmaging neans is too large for the width of the phosphor
which is the object to be inspected, sufficient brightness information
cannot be obtained for the inspectign. On the other hand, if the
resolution is too snall, brightness "“information obtained in the inspection
of one substrate is too nuch, and the signal processing is burdened. Thus,
at |east one of the scan rate of the inmaging neans and the speed of

rel ati waveheaneht s808ctong3héans 32Rp whthudespepticad fhetérsum nating
means 2710 and the imaging neans 2720. is preferably adjusted so as to

sat i sf putheafohl ovilng glaeguéiitessand ahvepoR flepohetiesofilien. of the
imaging neans, and La is the width of the 9roove which is formed of the
part it Woenwahesabadecdaobt becehgiphopphér 27217has3alrepdyRenn addition, a
substrate advancenent sensing means 2751 for autonatjcally sensing the
advancémage 6BptHEeswB¥elapathafglechinpgngechanifigetbgpilif€®at good timi-ng

may be fitted to the inspection device of the present invention, The
Y capture wavelength %electing means 272% A%ed not be provided.

The light receiving part 2721 having the image capture

wavelength selecting mgchanism may include a three-plate

-~

type CCD color line sensor camera.

When inspecting the phosphor formingvstate by the-
inspection method of the presént invention, if the
reéolufion in the direction orthogonal to the arranging

rdirection 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 fér the inspection. On the
other hand, if the resolution is too small, brightness
information obtained in the inspection of one substrate is
tog much, and the signal processing is burdened. Thus, at
least one of the scan,réte of the imaging means and the
speed of relative movemeﬁt 300 (or 310 or 320) with rgspect
to the illuminating means 2710 and the imaging means 2720. is
preferably adjusted so as to satisfy the following
inequalities 1, where R is the resolution of the imaging
means, and Ly is the width of the groove which is formed of

the partition walls and coated by the phosphor.



~ substrate advancenent sensing neans 2751 may include a photoelectric
sensor. Still further, a substrate noving speed neasuring neans 2752 for
measuring the substrate carrying speed and inproving the accuracy of the
dinspection may be' fitted to the inspection device of the present
“invention. The substrate noving speed nmeasuring neans 2752 may include a
contact type speed indicator and a | aser Doppler type speed indicator.
Next, description will be made on a manufacturing nethod of a display
panel usi ng the inspection method of7/%he  present invention with the back
plate of the PDP as an exanple. In the manufacturing nethod of the present
invention, at |east one of inspection steps of inspecting the formng
state of quuid phosphor or the fluorescent |ayer by using the inspection
met hod i nredi ately after a step 251 of 80 applying Iiquid phosphor between
the partitiod £¥40 or imediately after a step 253 for drying liquid
-phosphor and fOrmng the fluorescent |ayer. The object to be inspected by
the inspection nethod of the present invention is not continuously

manuf actured |ike plastic film but separately nmanufactured for each

I ndi vi dual khkgdaﬂglgﬁckapEﬁBQtQBtEhﬁdegﬁcemgﬂt sEHsEﬁSpmegﬂg §9§§'Stent

i nspection sensitivity for each 1 ndividual
_for automatically sensing the advancement of the substrate

and starting the image capture at good timing may be fitted
N to the inspection device of.the present invention. The
substrate advancement sensing means 2751 may include a
photcocelectric sensor.
Stiil further, a substrate moving speed measuring means
2752 for measuring the substrate carrying speed and
improving the accuracy of the inspection may be fitted to
the inspection device of the present invention. The
‘substrate noving speed measuring means 2752 may include a
contact type speed inéicator and a laser Doppler type speed
indicator.
Next, description will bermade on a manufacturing
method of a display panel using the inspection method of the
present invention with the back plate of the PDP as an
example. |
In the manufacturing method of the present invention,
at least one of inspection steps of lnspectlng the forming
state of liquid phosphor or the fluorescent layer by u51ng

the inspection method immediately after a step 251 of



to ensure the quality of every product with high accuracy by the

i nspection nethod of the present invention. Here, the .elenent nost
i-nmportant 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 of the substrate imedi ately before the previous
substrates, for exanple, within the nmanufacture lot, brightness

i nformati on obtained by the imaging8&kans is also about 50% of brighthness
information on the inspection obtained imediately before the previous

i nspection. Thus, degradation of the inspection sensitivity is a clear

fact. QB?l?Enbh?i&ﬁ@%?ﬁhggbthfB%%%%Eni@5@”?5&¥iggo&h§a}FQSP8§t!On |1 ght by
the substrate’inspection includes egradatton of the i uhlpatlng neans.
Furthe&mméﬁﬂﬁﬁeqﬁeafE@E|QC%t@B_QB@r%BEeﬁk?EhB of ohhe bﬂéﬁgﬁ%koﬂnh'ght I'S
different according to the individual differénce, |ot nunber, 81 kinds,

etc. offotrheéngubstr #laorkeckati nspeeted, brightness information obtained by
the imaging neans is different. In order to solve this problem and obtain

t he consi stehé obhepectdobeSensSpébvbdybi Nty efyspebeisatRetiodent nspect ed,
the quantity of light of the inspection light emtted by the illumnating
means khst poeseoit LovkedioQuast nby- ebnltighbueayr rahindacetirefelifkspecti on .
light wll be described with reference to Fig. 28. Fig. 28 is a
plastic film, but separately manufactured for each
individual like the back plate of the PDP. Thus, to keeé
the consistent inspeétion sensitivity for each individual is
to ensure the quality ¢6f every product with high accuracy by
the inspection method of the present invention. Heré, the
.element mosf important for keeping the consistent inspectioh
sensitivity for each individual is the quantity of light for
the inspection. For example, if the substrate is inspected'
by the light of 50% the quantity of the light used in the
inspection of the substrate immediately before the previous
substrates, for example, within the manufacture lot,
brightness information obtained by the imaging means is also
about 50% of brightness information on the inspection
cbtained immediatel& before the previous inspection. Thus,
degradation of the inspection sensitivity is-a clear fact.

One of the causes for different intensity of the
inspection light by the substrate inspection includes
~degradation of the illuminating means. Further, since the

reflection characteristic of the inspection light is

different according to the individuél-difference, ldt'number,



flowchart for show ng the inspection nmethod of the present invention and
an exanple of a quantity-of-light correcting nethod of the inspection
light. To performthe quantity-of-- light correction, the target |ight
receiving quantity which is the target for quantity-of-light correction is
registered in the inspection device (2820) in advance before starting the
i nspection (2810). After starting the inspection (2810), imge of the
substrate to be inspected is captured through the waiting state (2820)
after starting the inspection (2818} -The obtained i nage signal is
processed (2840), and acceptance or rejection of the substrate to be

i nspected is determned (2850). In addition; when processing the signal,

| nf or TR hag, oBcEheok! ghb EAgEL¥hag aeaﬂg'&Msggﬁebaedbkmggbﬁﬁsgnspect'on of

the substrafe is acquired the control quanfity e illuninating

means kg reahaukahedpreginsqt s QﬁéahﬂaﬁﬁﬁgQM@thtXsoﬁlkfeﬁénﬁ|Osﬁﬁ to the
target light receiving quan firstly set in the inspection .of

- 82 bhaerexb gumsbrahgs(gﬁaalemaaﬂdtBgththEhea&bﬂglgeaﬁﬁ is controlled
(2873). The constantly consistent .inspection sensitivity can be obtained

by thi Sngpartiiby- 8knklightitgoineevirg Babhedater esppet iMepettdagr adation of
the illumnating neans, 'individual difference of the substrates to
be-i nsphet egdantatynofbédghandfkihd. ihepehedononeéght thétkadgey the
characteristics of the inspection nethod of the present invention is that
any 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 éf the present
invention énd an example of a quantitynof"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 start;ng
the inspection (2810). After starting the inspection (2810),
image of the substrate to be inspected is captured through
the waiting state (2820) after starting the inspection
k2810). The obtained image signal is prbcessed {(2840), and
acceptance or rejection of the substrate to be inspected is
détermined (2850) . 1In addition, when processing‘the signal,
.information on the light receiving quantity obtained in the
inspection of the substrate is acquired (2871), the control
quantity of the illuminating means 1s calculated so as to

obtain the quantity of light closer to the target light -

receiving quantity which is firstly set in the inspéctibn of



‘groove and/or part with abnormality in the phosphor formng state
generated therein can be identified. Wien any abnornmality occurs in the
phosphor form ng state, the cause of generation lies in the step 251 of
applying liquid phosphor to the grooves. In this step 251, three kinds of-
means 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 generating defective
application and a part correspondi i# thereto in each kind of neans. If the
groove and part at which the abnormality in the phosphor formng state
occurs can be identified, it is understood that the cause for generating
the defrget nestapRidstaiten (287201 esa8t the iheuhiadtdnghaspAar iappl yi ng neans
and the part corresponding thereto, and the cause for the defective
appl i cabin@roqdrdog 2al7i3yi.natted icredaately cohBistenansnkpattibh the cause
for .generating the - 83 defective application cannot be identified in the
l'i qui d seplsdgphadn: yappiny beg oitaisied bg theéat pmanhtioy-elf-migati ng the . cause .
for defective application nust be taken for all liquid phosphor '
-~ appl i cavirorarBags medbdd A rreepraTiivac bdr idegragethod odf thiee present
invention, the place in which the cause for generating the defective
- appl i cattilaming tings awensan ipgiviidantli tildderandet hé theasnbatrhdes
“elimnating the defective application may be taken to the identified part
- of theto 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-identified. When any
ébﬁormality occurs in the phosphor forming state, the cause
.of generation lies in the step 251_of applying liquid
phosphor to the grooves. In this step 251, three kinds of
means for applying liquid phosphor are well known aé
described above, and when any defective application of
liquid phosphor occurs; the cause for defective application
lies in the positipn of genérating defective application and
a part corresponding thereto in each kind of means. If the
groove and part at which the abnormality in the phosphor o
forming state occurs can be identified, it is understood
that the cause.for generating the defective application is

- present in the liquid phosphor applying meéﬁs and the part
corresponding therefo, and the cause for the defective
application can be eliminated immediately.

This -means that, if the cause for generating the



| i qui d phosphor applying nmeans. The treatnment for .eliminating the cause
for defective application includes the rapid change of a nozzle, and
elimnation of nozzle stuffing by an ultrasonic cleaning machine if, for
exanple, the. liquid phosphor applying nmeans is a nozzle applying nethod.
In addition, in the manufacturing nmethod of. the present invention, the
groove and part at which any abnormality in the phosphor formng state in
t he defective substrate are identified, and the defective substrate is .
repaired, and reconditioned as and® defective product. 'Description will
be nmade on a defect repairing nethod when any defective substrate. is
~di scovered in the phosphor inspection step (1) 252 wth reference to Fig.

29. Vhﬁ%fb@%iv%“%?%@&b%%igﬁyh%%nBE b@eiBbﬁ%@@&ehniﬁnﬁhen1§%ﬁ§9tS any
defects, the substrate 330 with l'iquid phosphor of the first color

i ncl !Jdbﬁ%sb‘ﬁ%rdﬁ%?q iYS Rakhs,298t ardaZRRAtl $osaknifdnatonthendef ect
repaliring step ‘ efore perform ng e - step 0] ryi ng
tep ( 61 "bef f t h 84 step 253 of dryi

|i qui d caleepier e feetive bbpehieseedh muayebe ‘thRehh€odehect 16gpadri ng step
(1) 261, defect position information of the substrate 330 is obtained from
t he i nphesthetr depldeattibe debec! medaibi npenoanu€a28b®ing mebved to the
position of the defect 2901, and the |liquid phosphor 2920 is applied to
t he defbdctihee ppesienitonnvenitd ongpdhat ipdacies inephachd thet chuakl fdef ects
-present in the substrate 330 are repaired, and when all defects are
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 means. The treatment for
.eliminating the cause for defective application includes the
rapid change of a nozzle, and elimination of nozzle stuffing
by an ultrasonic cleaning machine if, for example, the
liquid phosphor applying means is a nozzle applying method.
In addition, in the manufacturing method of the present
invention, the groove and part at which any abnormality in
the phosphor forming state in the defective substrate are
identified, and the defective substrate is repaired, and
reconditioned as a non-defective product.
'Descriptioh will be made on a defect répéiring method
when any defective substrate 1s discovered in the phosphor
inspection step (I) 252 with reference to Fig. 29. When the
‘inspection device of the present invention detects any
.defects, the substrate 330 with liquid phosphor of the first

color including the defective parts 2901 and 2902 is carried

to the defect repairing step (I} 261 before performing the



. repaired, the substrate 330 is carried out to the step 253 of drying
| i qui d phosphor to formthe fluorescent |ayer. Description will be made.on
the defect repairing nethod when any defective substrate is discovered in
t he phosphor inspection step (11) 254 with reference to Fig. 30. Wien the
i nspection device-of the present invention detects any defect, the
-substrate 331 including defective parts 3001 and 3002 with the phosphor up
to the second col or coated thereon _is carried in the defect repairing step
(11) 262. In the defect repairing g%eb '(11) 262, information on the
defect position of the substrate 331 is obtained fromthe inspection
device, the defect repairing nozzle 3010 is noved to the position of the
def-ect s 86912 5ANGIf t dey 1hgul dophd spiesphoB3029 fermppl flatbrescdnrt def ect
position. This operation is repeated until all defects present in the
subst reage831 Bnethe epafeed, repainben sté¢p defecisl ardefeplired, the
substrate 331 is carried out to the step 253 of drying, |iquid phosphor -
85 topdeinitvheihfovnattentof ablke . subsphasphd?0fby b inRdi EXoBtil| left,
it may be carried out to the.step 251 of applying |iquid phosphor between
the pathétinsreatien. davigescEirdedebpolerephbr o) o328 gﬁ%o ®sent
invention is to provide a manufacturing neégfd in i ch the.ahosphor
f or mi go¥edt ko shenpeet anwp htheghesechr 2291 by2Bdi Wy t htT +fAspect i on

met hod of the present inventiqQn, troubles ip.the steps are_.rapidly
- repai reBopphaef 8824 éFeaEBﬁ%?augﬂsﬁge asfectiveposithon’ “Th Tl

operation is repeatéd until all defects present in the
%%' éubstfate-BBO 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 défective substrate is discovered in the phosphor
inspection step (II) 254 with reference to Fig. 30. When
the‘inspection devicerf the present invention detects any
defect, the substrate 331 innluding defective parts 3001 and
3002 with the phosphor up to the second color coated thereon
is carried in the defect rebairing step (II) 262. In the
defect repairing step (II) 262, information on the defect
position of the substrate 331 is obtained from the
_inspection,device, the defect repairing nozzle 3010 is moved -
tn the position of the defect 3001, and the liquid phosphor
3020 is appiied to the defect position. This operation is
repeated until all defects present in the substrate 331 are

tepaired, and when all defects are repaired, the substrate

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



generated, the yield is inproved with degrading the yield rate by
repairing defective substrates and reconditioning themto non.-defectiv
products, and the substrate of high quality and high reliability is

manuf actured. Enbodi nent Details of the present invention will be
déscribed wusing several enbodinents. In the first enbodi ment of the
present invention, a back plate of the PDP. was manufactured by perform ng
only the phosphor inspection step ) _W thout performing the phosphor

i nspection step (I11) in the step sh in Fig. 2. A substrate having the

. grooves of the width L shown in Figs. 3, 6 and 15 was used for the

obj ective substrate to be nmanufactured. A nozzle applying. nethod was used
in thetst eprm2bhe of 1appeycagt | Lapéd. phDS phisosplnot hEoyroovesngahd the

i nspection device shown in Fig.. 27 was-used in the phosphor inspection
step (krilil B6ft) nipamayciiéacarthediogbetei oinedeVereldt ¢he |iquid

phosphor formng state will be described belowin detail. A halogen |ight
sour ceappdyisgdlignidhpho sgher sbeteeepathe 2ragtibiopndaiifuni nating neans
2710, the light is |led to the |light ejection port of the width of 0.5 mmx
the | ength b$ daoorived ety dpte RI4¢haR s the wFeRGoni PYREYNd a
polarizing plate are provided. on.the Iight,ejecti_gn'gorth tﬂe CCD |ine
sensor isaker RraVLiAet RePPRYRRCEBEENY| RETRPENLRt hich the phosphor

forming state is inspected with high accuracy by using the
inspection method of the present invention, troubles in the
Stéps are rapidly repaired if defgcts 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 teliabiliﬁy is manufactured.

Embodiment

Details of the present invention will be described
using 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 éerforminé the
phosphor inspection step (II) in the step shown in Fig. 2.
A substrate haviﬁg the.grooves of the width Lrshown in Figs.
3, 6 and 15 was used for the objective substrate to be
manufactured. A nozzle applying method 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

inspection step (I).

e b



~of 2042 pixels arrayed in the light receiving part 2721 of the ihaging

means 2720 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 nmechani sm of the
‘collective lens regarding the image capture angul ar aperture 9k. Further,

by maxim zing the stop of the collective lens, the light of the intensity

neans is incident, and thus, the'r

~
1

#

not |ower than the capacity of the Igght‘receiving el enent of the inmaging
&feived light intensity attenuating

means 2724 is installed before the collective lens to attenuate the

intensity of .theincomng light. A general purpose extinction filter of OD

= 0.6 was u3rdphotithéargcehwetinspéghionnfienscéyoat tesudigagdaneans 2724. In

addi tion, regarding the angle of-light incidence/reflection O of the

i ncomi pgolsipgior ZToiagd sthée wéfllebeedebicghbed702lowedni detthea li.nspect i on

the optinmum 87 angle of light incidence/reflection O for the inspection

was c@@émgﬁﬁediﬂﬁ%ﬂﬁpﬁécﬁawﬁspMéﬁé-J@gi@hevéﬁahtaﬁduthe ipaBrge 271dapt ur e

angul ar. aperture Ck, and the value was reflected therein. A general

pur pos @7 ﬁ%@el&ﬂ@@é§§6ﬁnﬂa@e@§édZWéprtﬁée dilgh&l ipr dedssongheeans 2731 to

process .brightness information obtained by the imagi ng nmeans 2720. The

det ai | g%Fo@@?ﬁtﬁ&anﬁFénPfiﬁ@ﬁuﬁé@thhéfn@a@uﬂ@nﬁnﬁhéf1@W§thaﬁﬁlication

VOlunel%% h&ﬂ%&%a%@%?%Q%Ec%RpEE%%r%? %h%i %%%%%% plate and a
polapizing plate are provided on the light ejection port,
.the CCD line sensor camera with the light receiving elements
of 2042 pixels arrayed in the light receiviﬁ§ part 2721 of
the imaging means 2720 in a one-directional manner‘was used,
‘a general purpose collective lens was ﬁsed for the 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 k. |

4 Further,rby_maximizing the stop of the collective lens,
the light of the intensity not lower than the capacity of
the light recei#ing element of the imaging means is incident,
and thus, the received light intensity attenuating means
2724 is installed before the cbllecti%e lens to attenuate

. the intensity of the incbming light. A general purpose
eﬁtinétion filter of OD = 0.6 waé used for the received
light intensity attenuating means 2724.

In addition, regarding the angle of. light
incidence/reflection 6 of the incoming 1i§ht 2701'and the

reflected light 2702 used in the inspection, the optimum



with all liquid phosphor.applied thereto fromthe brightness peak waveform

obtained fromthe CCD |ine sensor canera, the setting first and second

t hreshol ds appropriate for the brightness peak waveform and the

i nspection.that the Iiquid phosphor application state of the grooves

i ndi cated by the brightness peak below the first threshold or the

bri ght ness peak above the second threshold is defective. Further, in:
.order to carryout the inspection over the entire substrate, the substrate
300 was noved, and a roller carrier 8hs used for the substrate carrying
.means 2742. In addition, regarding the resolution in the substrate

carrying direction of the inaging neans, the .canera scan rate was adjusted
so thakrighe suf fiighent nASRAC/QR AGCHSRGY 0 s rMRhAt 8L88d-+2BH RLLght ness
information not to inpose a- burden on the signal processing neans can be
obt ai ne@1dul a@ederrrioh RheVealckdedadaldcln ¢@f vhlee Rape¢heORnage
accuracy-attributable to the change in the substrate 88 carrying speed, a
met hod caps:weplagyed ar rpshittiret 86, substhat @acaer yhBgrspeedtes cal cul at ed
fromthe brightness peak interval of the brightness signal obtained in the
i nspectiherdiy .t ha warefreimpsirgaale [Aneoes pirogedans was3isecdndoractept ance or
rTejection of the substrate 300 to be inspected ‘is determned with

r ef er esdgned phe celstsdinge thee@sul27.3 1 rtcopdecese brsphdnesspl ural ity. of
substrates at the , '

information obtained by the imaging means 2720. The

detailed processing content includes the measurement of the

.r .\i ‘
L

.application volume of liquid phosphor applied to the groovés
with all liquid phosphor applied thereto from the brightness
peak waveform obtained from the CCD line sensor camera, the
setting first and second thresholds appropriate for the
brightness peék waveform, and the inspection that the liquid
phosphor application state of the grooves indicated by the
brightness peak below the first threshoid or the brightness
peak abdve the second th:eshold is defective. Further, in
order to carry out the inspection over the entire substréte,
the substrate 300 was moved, and a roller carrier was used
for the substrate cérrying means 2742.

In addition, regarding the resoclution in the substrate
cérrying direction of the imaging means, the camera scan
rate was adjusted so that the sufficient inspection accuracy
is maintained,_and brightness information not to impose a
burden on the signal processing means can be obtained.

In order fo prevent degradation of the inspecéion

accuraéy-attributable to the change in the substrate



consi st ent sensitivity, a nethod was enpl oyed, in which the

guantity-of-light value is calculated frominage information

obt ai ned for

each inspection of one substrate, the control quantity of the illum nating
means i s cal cul ated based thereon, and the quantity of light is corrected.
In addition, when a defect occurs, the cause for the defect is rapidly

identified, the step is repaired, the defective substrate is subjected to

t he defect repairing

- non-
t he

step (I) to repair the defect and reconditioned to a
defective substrate. As a resul®8 —the inspection was carried out .at
angle of light incidence/reflection 9 which is calculated fromthe

_ back plate design value and the inmage capture angular aperture 6k by the

abOVG-EakﬁyhﬁgaaﬁeéﬂEiEUﬂbEﬁbdthﬁs Eﬂ§@89bh?ninaﬂﬂibhghh§/N rati o was
ea

obt ai ned,

ing to easy classification o

t he grooves to be inspected
from t Bebsgradeesanhiye Agnepdedoti sheal hapaetad frbingthd phogpkaeswas

appl i ed

so that the surface shape is concave. The - 89 «correlation between the
sur f acpeahapetandaihefbthghbreéghthesssghghant bbkhynptopar thenal

~diffusing the incomng |ight,

by
and increasing the image capture angul ar

apert uiespkcthen. bgnthe, wamdfbha sagpedt poncsessngi mebpsc@iBd, bendnpr oved

even under the condition of small application volune. In the step

of

“appl yi rgcepgandgephos pkiectdéonhe fgtbevevbssiratke 390bsor bee 188pectedgul at e of
the conposition of liquid

7y
: B
J

is determined with reference to the obtained result.

In order to inspect a plurality of substrates at the

consistent sensitivity, a method was _employed, in which the

quantity-of-light value is calculated from image information

obtained for each inspéction of one substrate, the control
quantity of the illuminating means is calculated based
thereon, and the quantity of light is corrected.

| In addition, when a defect occurs, the cause for the
defect is rapidly identified, the step is fepaired, the
defectivg substrate is subjected to the defect repaliring

step (I) to repair the defect and 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 plate design value and the image capture

anguiar aperture 6k by the above formula and optimum for the

inspection, and high S/N ratio was obtained, leading to easy

classification of the grooves to be inspected from the

-grooves. which need not be inspected. Liquid phosphor was

applied so that the surface shape is concave. The



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

- 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 detached from an
applicator for overhaul cleaning, and the stuffed hole of the nozzle was
ul trasoni c-cl eaned while the nozzle being fitted to the applicator, and
the stuffed coagul ate was renoved, and occurrence of continuous defects
could be avoided in the m ni num def & occurrence frequency and in the

m ni mum recovering work. The defective substrate was subjected to the

defect repairing step (I), and reconditioned as a non-defective substrate.

In addbb&ceaaattaohhse%&eenoth@pehw.ea@el ??‘Lg‘%g. : teh%%r k9 th'a%fsgreoves of .

- -the substrate 300, an abnormality occu e set v ue 0

pressugu%s@an@@&uq? ﬁEobBQt@BﬁéhebgaBEEEﬁ%ﬁﬁ@ ok aRRLYIAG hhgﬂhd phosphor,
and defective application occurred in that.Iiquid phosphor o t he anount

. 90 noeedt hagrkheispeehti efayal vapwaseapplyuedr apdrihire Was thdet ect ed by
t he above inspecting neans. Cccurrence of continuous defects could be

avoi dedampra, Meadmifedehepbcticauskeerde ifiequedty daned iimpaofied mim
recovering mnrk by identifying the position of defective parts and the
appl i catvieon undeumthieo cestiittdbe btife sapplopppdtieasébny alolemef. t he
pressuri zing device, and reflecting the estimation to
In the step of applying liquid phosphor to the grooves
of the substréte 300, coagulate of the comp051tlon of llquld
. phosphor was stuffed in one hole of the nozzle for applying
iiquid phosphor and defective application of liquid phosphor
~occurred, and this was detected by the above inspecting
means. Further, by identifying the position of the
defective part, the nozzle need not be detached from an
épplicator for overhaul cleaning, and the stuffed hole of
the nozzle was ultrasonic-cleaned while the nozzle being
 fitted to the applicator, and the stuffed coagulate was
removed, and occurrence of continuous defects could be
avoided in the minimum defect occurrence freduency'and in
_the minimum recovering work. The defective sUbstrate was
subjected to the defect repairing step (I), and
reconditioned as.a non~defective substrate.
In addition, in the step of applying liquid phosphor to
. the grooves of the substrate 300, an abnormality occurred in
the set wvalue of.a pressurizing device of the nozzle
applicator for applying liquid phosphor, and defective

application occurred in that liquid phosphor of the amount



t he device. The defective substrate was subjected to the defect repairing
step (1), and reconditioned as a non- defective substrate. Variance in the
substrate feedi ng speed of about 50% caused by the eccentricity of a notor-~
shaft of the roller <carrying machine occurred during the inspection for a
plurality of sets of |iquid phosphor, but the inspection could be carried
out with high accuracy wi thout m stakenly detecting normal |iquid phosphor
as defects. In the inspection carried out for a plurality of substrates
during the operation in the manufactd® ing step, the variance of the
gquantity-of-1light value obtained by the imagi ng neans was about 5% and
“ the inspection could be carried out for the plurality of substrates at
subst agjyiral c i t; Syt T Jpst r ' .pe nuf act ured was
hangen e ther e P P P gr BB ue o PR by e Pike ¢ he
subst r gle® e31@dS BYWR hieh abb@e. ifhspebihgr mbAnkhe abewgrchpe 8% inspection
was carried out at the angle of light ™ incidence/reflection 8 calcul ated
from t kenkaekoplsade rdesisgaontdl be andibbe inbgensaphunedargekar aperture
and optimum for the inspection, and high S/N ratio was obtained, |eading
to " easyculrassicki Catiqoenely bhe ghoavesnteube reaspeetiad (bem biyhe grooves
whi ch need not be inspected. Simlar to the above, defective application
of . | i quidgnghdyphor thecposédion of defective parts and the '

application 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 motof 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 cﬁrried out for a plurality of
substrates during the operatién in the manufacturing step,
the variance of the quantity-of-light value obtained by thé
imaging means was about * 5%, and the inspection could be
carried out for the plurality of substrates at substantially

Econsistent sensitivity.

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 above, the



A e

and was detected to renpve the cause for the defects, and the defective
substrate was reconditioned to a non-defective substrate. Next, for the
second enbodi nent of the present invention, the substrate 320 having the
groove with transverse ribs shown in Figs. 5 and 22 was manufactured by

t he manuf acturing method according to the first enbodinent. |In this case,
a black light for irradiating the Iight of the wavelength of mainly 360 nm
was used for the light source part 2711 of the illum nating neans 2710,

and a slit plate was used for the I9ght ejection port 2713, respectively,
and the light transm ssion part 2712 was renoved. In addition, a |aser
. Doppl er type speed indicator was installed for the substrate noving speed

Measur iRGpRATD thd  JAHRAT odth dNithL£33&1d BONd@htt 0 i nprove the
i nspection accuracy, a nethod for determ ni'ng acceptance or rejection of

t he subisidiaietcsas aMAcViesh 0 taMiQR tele rFoindhe PLEkESILREG BREBAZN
integrates brightness data for a plurality - 92 of |ight receiving

el enentalhe ehidithd henaaperagadyd ghingssy apefididmkAsnd besdkdum t he
i quid phosphor application volunme for the substrate 320 was different for
each cdidr h#lad imspdatanrsyerasel Hilkgh S ddt ivasvaconibitaiecd, hdteaddfrect | ve
parts can be detected with high accuracy by averaging brightness
i nf or M0 @RS rcl2G6 fidaitsicofl ahdalea ghtoaweeitd g dlnepemttsed from
the grooves which need not be inspected. Similar to the
above, defective application df-liquid phosphor occurred,
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
waveiéngth 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 lignt transmission part 2712 was removed. In addition,
a laser Doppler type speed indicator was installed for the
substrate moving speed measuring means 2752.
Further, in this case, in order to improve the
inspection acdcuracy, a method fof determining acceptance or

rYejection of the substrate was employed, in which the signal

processing means integfates:brightness data for a plurality



of the canera. It is also confirned that the S/Nratio is higher than that
by the inspection nethod according to the first enbodi nent by using the
light of the wavelength of 360 nmin the inspection. Here, in the step of
appl ying liquid phosphor to the grooves of the substrate 320, twenty hol es
of the nozzle for applying |iquid phosphor were simnultaneously stuffed by
inpurities contained in |iquid phosphor before application, and defective
application of liquid phosphor occurred, and this was detected by the
“above inspection method. In this Ta¥e,” it was deternined that change of
the nozzle led to earlier restoration of the step than cleaning all holes,

and the nozzle could be changed. Further, the step could be stabilized by

changi bF liighitd relhesphoy eQriain®isneoMdeltainMpuk bivesaWet Briilgatneksanot her
lot. In addition,. the defective substrate was subjected to the defect
repai r wagefetrep (1), and reconditioned as a non-defective substrate.
Variance in the substrate feeding speed of about 50%- '93 caused by the
eccentricitisoé aesploy shafilighidhphospher appiligahdonmachinreofeunrred
during the inspection for a plurality of sets of |iquid phosphor, but the
i nspectthen subsiird tise 3¢4r Masd ddlif ewienly Hiogh eacturcadyl hetllhobty m st akenl y
detecting normal |iquid phosphor as defects with reference to the

subst r &F@neFerpend i&peedndnfidr walsi eorifdamechdhiags ge fepdgpleepagsed

i ndi cator. - ) .
can be detected with high accuracy by averaging brightness

information for 200 pixels of the light receiving elements

L

of the camera. lIt is also confirmed that the S/N tatio is
higher than that by the inspection method according to the
first embodiment by using the lightrof the wavelength of 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 liquid phosphor occurred, and
vthis was detected by the above ihspection method. In this
case, it was détermiﬂed that change of the nozzle led to
eérligr restoration of the step than cleaning all holes, and
the nozzle could be changed. Further, the step could be
stabilized by changing liquid phosphor containing much
impurities with that of another lot. 1In addition, the
defective substrate was subjected to the defect repairing
step (I), and reconditioned as a non-defective substrate.

Variance in the substrate feeding speed of about * 50%



Next, as the third enbodi nent of the present invention, |iquid phosphor
-was applied in the first manufacturing nethod so that the surface height
of lI'iquid phosphor 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 canera fromthe surface of

1'iquid phosphor as an object to be inspected was considerably increased,
and the S/INratio was higher on the whole than that by the inspection

met hod of the first enbodinment. Nex@3 -as the fourth enbodi ment of the
present inventian, the substrate of different wwdth for RG |like the
substrate .310.shown in Fig. 4 was manufactured in the first manufacturing

met hod cahis@idi ByPRATP R MRS iR 8F SHEEeTSkvgly Liromyhe qaler of liquid
phosphor to be applied 'to the w dest groove, ending by the color of liquid

phosph@farrafply &hchd nieh® Rirrse slurd o Be Ahspet@IWhl £orat he inspection
of liquid phosphor -- 9 4 applied to the narrowest groove, it was

“confir maairhdttyt e seefsl et ed duighbhNspellreched fihemihkeewitdest groove and
i ncident on the canera was considerably reduced in quantity, and the S/N
rati o wasild dleercaan itchie ontto e thhavi gbhalcduyt aldye wiithspec ier an@inhed of the
first enmbodinent. Next, as . the. fifth enbodi mrent of the present
i nvent defecttimg goomads hilgudll phedphotr e idefpedtsediith tred ofdemste

' 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 phosphor is 85%
of tﬁe height oflthe partition walls constituting the groove.

As a result, it was confirmed that the intensity of the
reflected light § iﬁcident 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
eﬁbodiment.

Next, as the fourth embodiment of the present invention,
the substrate of different width for RGB like’the substrate

" 310 shown in Fig. 4 was manufactured in the first
manufacturing method. Liquid phosphor was applied
suéceséively from the color of liquid phosphor to be applied
to the widest groove, ending by the color of liquid phosphor

~applied to the narrowest groove.

As a result, in the inspection of liquid phosphor



manuf acturi ng nethod were covered, and a chrom um mask designed so that an
aperture is opened only for the groove to be inspected was installed on
the substrate to be inspected. As a result, it was confirmed that the
reflected light N reflected fromthe groove which need not be inspected
and incident on the canera was considerably reduced in quantity, and the
S/N ratio was higher on the whole than that by the inspection nethod of
the first enbodi ment. Next, as the sixth énbodi nrent of the present
invention, the phosphor inspectiontep (1) was not performed in the step
shown in Fig. 2, but only the phosphor inspection step (l1) was perforned
to manufacture the back plate of the PDP. The substrate having the grooves

of theappintedi dohtheShawbowBsti gSoode ANdt TwBScHSLH-hO8 ERELSHRhstrate to be
manuf act ured. The nozzl e applying nethod was used in the step 251 of

appl yi ngfleqtied phgiphNr ré61lebeeqr opyRsthandidber hAspest ke device shown
in Fig. 27 was used in the phosphor - 95 inspection step (I1) Description
wi || béngadenbebowtha demarh wastbensidspebliopnedevigeinf quiaﬂtﬂ@?}i cul ar,
the fluorescent |ayer applying state. An excinmer |anp was used for the

| i ght andukbe PAaNtra¥id whstheghétuohnahénghokansh2d 10haandyt tike |i ght

ej ection port 2713 and the light transm ssion part 2712 were detached. The
| i ght tBERRGLAQRemelbadsoPolRe first embodiment.

Next, as-the_fifth embodiment of the present invention,
the grooves which need not be inspected in the first
manufacturing method were covered, and a chromiuﬁ 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
incident on the camera was considerably reduced in quantity,
and.the S/N ratio was higher on the whole than that by the
inspection method of the first embodiment.

Next, as the ‘sixth embodiment of the present invention,
the phosphor inspection step (I) was not performed in the
step shown in Fig. 2, but only the phosphor inspection step
(II) was performed to manufacture the back plate of the PDP.
The substrate having the grooves of thé same width L shown
in Figs. 3 and 7 was used for the substrate to be
manufactured. 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



-pixels were arrayed in a one-di nensi onal manner on the light receiving
part 2721 of the imaging neans 2720, a three-plate type color CCD |line
sensor canera capable of respectively selecting RGB |ights and picking up
the i mage was used, and a collective |lens on the market was used for the
i ght converging part 2722. In addition, the angle of incidence O of the

incoming light 2701 used in the inspection was set to be 80, and the
angl e of installation 01' of the i ing means for capturing the |ight was
set to be 30. A general purpose im “processor was used for the signal

pr.ocessi ng means 2731 for processing brightness information obtained by
the imagi ng neans 2720. The content of the signal processing and the
subst r ahepeptilog mwEepod Iade similar to those in the first enbodi nent of
the present invention. In addition, in order to inspect the fluorescent

| ayer, overDeheréptice wiilabe mnédéheebodsinmafleta Dl hen i tispect ed, six
caneras were djsposed continuously in the same direction - 96 as the

- gr ooved NGReCKAcBuBeMigee ofandni pagéicnierpathenfluobtacead fagareach canera
was- processed by each exclusive image processor. As a result, it was
conf i r FERYREE Bhiétshosproexrdmeirnganpt wee vamdbEornshect.éghwi t h hi gh
accuracy in the range of the whol e anmbunt of phosphor wi thout being ,
i nf | ueREEIC By PR 27ddn@ift ths 4fluménptiBreneans RAyer apgl kbation vol une

L. light ejection port 2713 and the light transmission part
. 2712 were detached. The light receiving elements 2042
T=} 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 caﬁéra 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
converging part 2722.

In addition, the angle of incidence @ of the incoming
light 2701 used in the inspection was set to be 80°, and the
angle of installation 0'' 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
means 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 inspect the fluorescent layer

"over the entire surface of the substrate to be inspected,

S1X cameras wWere disposed continuously in the same direction



manuf acturing 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 fromone hole of the nozzle for
applying liquid phosphor, and the defect of non-application of about 10 mm
in the sane direction as that of the grooves occurred in the phosphor, and
‘this was. detected by the inspecting neans: Renaini ng bubbl es were
forcibly discharged fromthe nozzle with the nozzle fitted to the
applicator, the subsequent steps col® be stabilized .with a m ni mum
restoring work, and the defective substrate was subjected to the defect
repairing step (I1) and reconditioned as a non-defective substrate. As a

mat t er sef theUGSBoveR ehdehe! gueetradk,t Radduakiky ingbrihheiBroduct's with
hi gher accuracy, both the phosphor inspection step (1) and the phosphor

i nspeciolbdn isielp firdoh) cakhy chaecpar aspdocestea BRNWhast BkicngsAgkhod of the
present invention. 97 Fromthe above results, it is confirnmed that the
pr esentimagee pirioaes'soant ri but es nmuch to the inprovenent of the yield in
manuf acturi ng the back plate of the PDP. As descri.bed above, it is
denonst r at e8st hatesithtt het waautaofireedf thah phet poobphort Aerbacyk pl ate of
‘the PDP, .the inspection nethod and the inspection device, and the
manuf aétt@tien g amebifod ngberhedprdsdnb ighy ercusacar én &hkecainge, of

the whole amount of phosphor without being influenced by the’
condition of the fluorescent layer appliqation 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 dischar@ed from one hole of

the nozzle for applying liquid phosphor, and the defect of
non-application of about 10 mm in the same direction as that

of the grooves occurred 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 substrqte

was subjected to the defect repairing step (II) and
reconditioned as a non-defective substrate.

As a matter of course, in order to control the quality

cof the products.with higher accuracy, both the phosphor
inspection step (I) and the phosphor iﬁspection step (II)

may be performed in the manufacturing method‘of the present

invention.



and these are also effective in the manufacture of products wth a pattern
formed on the substrate represented by, for exanple, an LCD color filter

and a sem conductor substrate. Industrial Applicability According to the
i nspection nethod, the manufacturing nethod 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 inproved w thout
degrading the yield rate, and the substrate of high quality and high
‘reliability can be manufactured by i%hépecting the fornming state of a
plurality of sets of phosphor formed in the predetermnmined grooves with
hi gh accuracy, rapidly repairing troubles of the step when continuous

defects occetom tBRakbbRE theudekectivessuBalhahed %Bgta%_%“di tioning the

defective substrate into a non-defective substrate. 98 Clains 1. A di spl ay

panel ipisBetit dhveeitiot cserdbntdsianescad Y SrprafRnlaidRE Bhe

application to a plurality of grooves fornmed of partition walls, at |east

t he reffiedidedn miaghifaattutrieganglee bafck pdisdenes &heutpraf, the |ight incident
~on the surface of the fluorescent |ayers at the angle of incidence 8 is

captured, ahAd tlhecambkd eboiwn¢i dénde d8mbasnwasrdanpke,at nwiheh t he

reflected light at the angle of reflection O obtained by allow ng the

| i ght menyd aaicirdewtt ,orina pgrddyerlisot,t drnepdiatc nviptlladiet cefhythghd@dhor  appl i ed

thereto at the angle of incidence O is blocked by the partition walls. 2. A

di spl ayhsad@istesdiest retvhest ke ddcoridismpatd @l alewite wherkithe he angl e of

incidence Q satisfies inequalities 2, where His the height of the
/wpartitF@ﬁQE%Qng%EQﬁmﬁihOd'Of the present invention are. effective,

T
S 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 inverition,
in the manufacturing step of a spread display panel such as
the back plate of the PDP, the vield can be improved without
degrading the yield rate, and the substrate of high quality
{l' 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
repairing troubles of the step when continuous defects occur,
répairing the defective substrate, and reconditioning the

defective substrate into a non-defective substrate.



the groove, Hp is the surface height of phosphor, La is the wdth of the
groove fornmed of the partition walls with phosphor applied thereto, and LP
is the width of the groove forned of the partition walls w thout any
phosphor applied thereto. tan-' 2(H-HP) <8 < tan-' 2H La LQ 3. A

di spl ay panel inspection device conpr %ing an illum nating means and an

| magi ng nmeans, wherein the illumnating neans and the i mging neans are
installed so as to irradiate the light and receive the inage of the |ight
at the“a#8e of light incidence/refiection 0 at which the reflected Iight
froma groove bottom part w thout any phosphor applied thereto is bl ocked
by the partition walls. 4. A display panel inspection device according to

A s e fedisalidl Al MaBefon s Wit iorBstaR LaRRLa oifed ’%Eer ’
. ; : : _ ¢

art 1t AR FHEERACT ghdeyss, fonfhel & Balioh 1eaig, R deaqianBriesilise {1

gr oove|ightoaiRHe Andid CofPMciddricBNo V&t 8f gfﬁé h@Hf iRAeMNBRAPING! saRRtd & fhaer et o.

2(HHpl™, 2H tan-" <B_tan-' LL 5. A displfay panel i1nspection device

accor dilngrdsecl RivBs3at BRI of IR 6 %Scé})taf&j, andtthefdrRfle oMiRidercel s the
F nunber of the imaging neans. 1.2 < F < 2.0 6. A display panel

i nspecyiformger aglectaritichghé sefdabdlight wherehngls sfaepistrm b idbiined Hyensi ty

attenuating neans is provided, and inequalities are satisfied, where QD is

t he ODallawing tife tight tede weridéntgbh @ ngreosé thotiom tert withiout eary phbsptiera. 0. 3
<O <20

B applied thereto at the angle of incidence 8 is blocked by the partition walls.

2. A display panel inspection method according to Claim 1, wherein the angle of
incidence 6 satisfies inequalities 2, where H is the height of the partition walls 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 L is the width of the groove

formed of the partition walls without any phosphor applied thereto.

3. A display panel inspection device comprising an illuminating means and an
imaging means, wherein the illuminating means and the imaging means are installed
so as to irradiate the light and receive the image of the light at the angle of light
incidence/reflection 6 at which the reflected light from a groove bottom part without

any phosphor applied thereto is blocked by the partition walls.

4, A display panel inspection device according to Claim 3, wherein the angle of

incidence 6 satisfies inequalities 3, where H is the height of the partition wails forming
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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 L; is the width of the groove

formed of the partition walls without any phosphor applied thereto.

<t9£tan"E

o /)

5. A display panel inspection device according to Claim 3, wherein inequalities 4 are

satisfied, where F is the F number of the imaging means.

125F<20
6. A display panel inspection device according to Claim 3, wherein a received light
intensity attenuating means is provided, and inequalities are satisfied, where OD is

the OD value of the received light intensity in the visible light area.

0.3<0D<2.0



