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(57) ABSTRACT 

A phosphor paste is applied to inner surfaces of a cell. Then, 
a conveyer moves a substrate relative to a CCD camera at a 

constant speed. Simultaneously, tWo LEDs radiate visible 
light onto a portion, to be inspected, of the substrate. The 
visible light is light con?gured to have a Wavelength so as to 
be able to prevent the phosphor of the phosphor paste from 
being excited and emitting light and re?ected by a liquid 
surface of the phosphor paste to produce re?ected light. 
Thereafter, the CCD camera captures an image of the phos 
phor paste and a data processor processes the received image 
data, and determines Whether a phosphor layer formed by 
drying the phosphor paste Will normally be formed, prior to 
formation of phosphor layer. 
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METHOD FOR MANUFACTURING PLASMA 
DISPLAY PANEL, INSPECTION METHOD 
FOR INSPECTING PHOSPOR LAYER AND 

INSPECTION APPARATUS FOR INSPECTING 
PHOSPHOR LAYER 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/611,961 ?led Jul. 3, 2003, the disclo 
sure of Which is incorporated herein by reference in its 
entirety. 
[0002] Further, this application claims priority from Japa 
nese Patent Application No. 2002-197992, ?led on Jul. 5, 
2002, in the Japanese Intellectual Property O?ice, the disclo 
sure of Which is incorporated herein in its entirety by refer 
ence. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 
[0004] The present invention relates to a method for manu 
facturing a plasma display panel and an inspection method 
and apparatus for inspecting a phosphor layer, all of Which are 
conceived to alloW inspection during a step of forming a 
phosphor layer to be performed for a shorter period of time 
and further to be performed at loWer cost. 

[0005] 2. Description of the Related Art 
[0006] When manufacturing a plasma display panel (here 
inafter, referred to also as PDP), components such as a scan 
ning electrode, a sustain electrode and a dielectric layer are 
formed on one transparent substrate, resulting in formation of 
a front substrate, and components such as a data electrode, a 
dielectric layer, a barrier rib and a phosphor layer are formed 
on the other substrate, resulting in formation of a rear sub 
strate. Then, the front substrate and the rear substrate are 
aligned to overlap each other and attached together With an 
adhesive sealing material. Thereafter, gas contained in dis 
charge spaces formed betWeen the front substrate and the rear 
substrate is evacuated, and the discharge spaces are ?lled With 
discharge gas. Thus, a PDP is manufactured. 
[0007] The rear substrate is manufactured such that data 
electrodes and a dielectric layer are formed and further barrier 
ribs are formed on a transparent substrate, and then, a phos 
phor layer is formed on inner surfaces of a cell that is sepa 
rated from other cells by the ribs. Phosphors of the phosphor 
layer are excited With ultraviolet rays generated by discharge 
Within the cell, emitting visible light. A color PDP typically 
has three types of phosphor layers emitting light of the pri 
mary colors, i.e., Red (R), Green (G), Blue (B) respectively 
and are formed in individual cell columns. That is, one type of 
phosphor layer is formed in one cell, and cells each having the 
same type of phosphor layer are arranged in a column. In 
more detail, a cell column (green cell column) consisting of 
cells each having a phosphor layer corresponding to G is 
disposed adjacent a cell column (red cell column) consisting 
of cells each having a phosphor layer corresponding to R and 
a cell column (blue cell column) consisting of cells each 
having a phosphor layer corresponding to B is disposed adja 
cent the green cell column, and then, a red cell column is 
disposed adjacent the blue cell column, and further, the 
above-described arrangement of cell columns is repeated on 
the rear substrate. The phosphor layers are formed color by 
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color such as by printing techniques and dried, and then, 
inspected. A conventional method for forming a phosphor 
layer Will be explained beloW. 
[0008] FIG. 1 is a side vieW of a conventional inspection 
apparatus for inspecting a phosphor layer and FIG. 2 is a 
partially enlarged cross sectional vieW of the conventional 
inspection apparatus for inspecting a phosphor layer. Note 
that although a rear substrate of PDP has a number of cells 
arranged in a matrix of roWs and columns on a substrate, an 
enlarged cross sectional vieW of only one cell is illustrated in 
FIG. 2 for simpli?cation. Furthermore, illustration of a 
dielectric layer is omitted in FIG. 2 for simpli?cation. As 
shoWn in FIGS. 1 and 2, the conventional inspection appara 
tus for inspecting a phosphor layer has a conveyer 106 pro 
vided therein to move a substrate 1 in one direction. Further 
more, directly above a portion 1a to be inspected on the 
substrate 1 is provided an ultraviolet ray lamp 102. The ultra 
violet ray lamp 102 is provided to radiate ultraviolet rays 104 
onto a phosphor layer 5. This alloWs phosphors of the phos 
phor layer 5 to be excited and emit excited light 105. 
[0009] Moreover, tWo CCD cameras 103a and 10319 are 
provided above the portion 1a and on upstream and doWn 
stream sides of the substrate 1 When vieWing the conveyer in 
a direction in Which the substrate 1 moves. That is, the tWo 
CCD cameras 103a and 10319 are disposed so as to interpose 
the ultraviolet ray lamp 102 therebetWeen in a direction in 
Which the substrate 1 moves. Note that in order to inspect the 
phosphor layer 5 formed to cover side surfaces of barrier ribs 
2, at least tWo CCD cameras need to be provided. This is 
because When trying to capture the image of an object from 
directly above the portion 1a With one CCD camera, infor 
mation about the phosphor layer 5 formed on the side surfaces 
of the ribs 2 cannot be obtained and in a case Where the 
phosphor layer 5 is formed shorter than a desired height 
and/or has defects such as a void, such abnormal formation of 
phosphor layer cannot be detected. Therefore, a plurality of 
sets of one ultraviolet ray lamp 102 and tWo CCD cameras 
103a and 10319 are provided along a direction orthogonal to a 
direction in Which the substrate 1 moves. For example, When 
seven sets of those components need to be provided, totally, 
14 CCD cameras are provided. 

[0010] FIG. 3 is a How chart diagram illustrating process 
steps of forming a phosphor layer, Which process steps are 
included in conventional manufacturing steps for PDP. As 
shoWn in step S101 of FIG. 3, a phosphor paste of ?rst color 
(e.g., red) material is applied to inner surfaces of a cell every 
third column such as by printing techniques. Then, as shoWn 
in step S102, for example, the substrate is held in a dry oven 
for 30 minutes to dry and harden the phosphor paste of red 
material. Thus, as shoWn in FIG. 2, a phosphor layer 5 is 
formed. In this case, barrier ribs 2 having a rectangular lattice 
like layout or stripe-like layout are formed on the substrate 1 
and a cell 3 is separated from other cells by the ribs 2. Addi 
tionally, a data electrode 4 is formed Within the cell 3 on the 
substrate 1 and the phosphor layer 5 is formed on a surface of 
the substrate 1 and side surfaces of the ribs 2, all surfaces 
constituting inner surfaces of the cell 3. Thereafter, as shoWn 
in step S103, Whether or not the phosphor layer 5 is normally 
being formed Within each cell is inspected. A conventional 
inspection method for inspecting a phosphor layer Will be 
explained beloW. 
[0011] First, as shoWn in FIGS. 1 and 2, the substrate 1 is 
made to move in one direction by the conveyer 106. At this 
point, the ultraviolet ray lamp 102 radiates the ultraviolet rays 
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104 onto the portion 1a of the substrate 1. This allows phos 
phors of the phosphor layer 5 to be excited and emit the 
excited light 105. The tWo CCD cameras 103a and 10319 
detect the excited light 105. Thus, the image of the phosphor 
layer 5 is captured. Then, by measuring brightness of the 
excited light from the phosphor layer 5 based on image data 
indicative of the image captured as described above, Whether 
the phosphor layer has normally been formed is inspected. 
When the phosphor layer is determined as containing defects, 
information indicative of the defects is fed back to the step, 
shoWn in step S101, of applying a phosphor paste of red 
material. The above-described inspection method is dis 
closed, for example, in Japanese Patent Publication Laid 
Open No. Hei ll (1 999)-l6498, Japanese Patent Publication 
Laid-Open No. 2000-149781 and Japanese Patent Publica 
tion Laid-Open No. 2000-304651. 

[0012] Subsequently, as shoWn in step S104, a phosphor 
paste of second color (e. g., green) material is applied to a cell 
column adjacent the cell column on Which the red phosphor 
layer is formed. Then, as shoWn in step S105, the phosphor 
paste of green material is dried and hardened to form a green 
phosphor layer. Thereafter, as shoWn in step S106, Whether 
the green phosphor layer has normally been formed is 
inspected. An inspection apparatus and method for inspecting 
a phosphor layer is the same as that employed to inspect the 
red phosphor layer. When the phosphor layer is determined as 
containing defects, information indicative of the defects is fed 
back to the step, shoWn in step S104, of applying a phosphor 
paste of green material. Then, as shoWn in step S107, a phos 
phor paste of third color (e.g., blue) material is applied to a 
cell column adjacent the cell column on Which the green 
phosphor layer is formed. Thereafter, as shoWn in step S108, 
the phosphor paste of blue material is dried and hardened to 
form a blue phosphor layer. Then, as shoWn in step S109, 
Whether the blue phosphor layer has normally been formed is 
inspected. When the phosphor layer is determined as contain 
ing defects, information indicative of the defects is fedback to 
the step, shoWn in step S107, of applying a phosphor paste of 
blue material. Note that the reason Why the inspection opera 
tion is performed on individual columns corresponding to 
individual colors as described above is that making the phos 
phor layers emit light of individual colors at the same bright 
ness level and simultaneously inspecting the phosphor layers 
is di?icult to implement. 

[0013] HoWever, the aforementioned conventional tech 
niques include the folloWing problems. First, since the step of 
inspecting a phosphor layer is performed after drying of phos 
phor layer, a timing for feeding back results obtained by the 
inspection to the application step of applying a phosphor 
paste is unfavorably delayed. That is, When defects are cre 
ated in the application step (e.g., step S101) of applying a 
phosphor paste, at least a time interval required for comple 
tion of a dry step (step S102), for example, 30 minutes elapses 
until the defects are detected in the inspection step (step S103) 
and therefore, an empty time during Which the results 
obtained by the inspection are not fed back to the application 
step of applying a phosphor paste occurs. Accordingly, in 
some cases, products having the same types of defects are 
sequentially manufactured during this empty time, resulting 
in signi?cant reduction in PDP production yield. 
[0014] Furthermore, the use of the aforementioned conven 
tional technique unfavorably increases the investment cost of 
inspection apparatus. That is, in the conventional inspection 
apparatus shoWn in FIG. 1, the ultraviolet ray lamp 102 is 
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employed and therefore, a countermeasure to prevent an 
operator from directly vieWing the ultraviolet rays has to be 
implemented. Moreover, since the ultraviolet rays react With 
oxygen in an atmosphere, creating harmful oZone, the inspec 
tion apparatus needs to be con?gured as a sealed unit and then 
evacuated or to be con?gured to have an area, onto Which 
ultraviolet rays are radiated, placed in a nitrogen atmosphere, 
as described in Japanese Patent Publication Laid-Open No. 
Hei ll (1 999)-l6498. Additionally, as stated above, the con 
ventional inspection apparatus needs to have tWo CCD cam 
eras provided therein. Furthermore, When inspecting a spe 
ci?c color (e.g., blue) phosphor layer, a CCD camera needs to 
have a ?lter mounted on a lens of the camera in order to 
prevent light from the excited phosphors of a phosphor layer 
(e.g., red or green) that is formed prior to formation of the 
speci?c phosphor layer from interfering With light from the 
excited phosphors of the speci?c phosphor layer and then 
capture only the desired color (in this case, blue), as shoWn in 
Japanese Patent Publication Laid-Open No. 2000-149781 . As 
a result, the investment cost of inspection apparatus is 
increased. 

[0015] Furthermore, running cost of inspection apparatus 
unfavorably becomes high. An ultraviolet ray lamp has a 
lifetime nearly equal to that of a typical illumination device 
such as a ?uorescent lamp, a halogen lamp and an LED, but is 
expensive. Moreover, as stated above, an equipment for pre 
venting generation of oZone needs to be provided in the 
inspection apparatus, adding the running cost of the equip 
ment to the inspection apparatus. 
[0016] Still furthermore, a micron-siZed defect such as a 
pinhole and an abnormal substance included in a phosphor 
layer is detected by capturing the image of a portion emitting 
light at a loW brightness level and created Within a cell accord 
ing to the conventional inspection method. HoWever, When 
employing the conventional inspection method, since the 
captured image is constructed such that a gray scale indicative 
of light intensity corresponding to the pinhole and a gray scale 
indicative of light intensity corresponding to the abnormal 
sub stance are nearly equal to each other, Whether the captured 
image represents the pinhole or the abnormal substance can 
not be determined. 

SUMMARY OF THE INVENTION 

[0017] An object of the present invention is to provide a 
method for manufacturing a plasma display panel and an 
inspection method and apparatus for inspecting a phosphor 
layer, all of Which include an inspection step that alloWs 
operation for quickly feeding back results obtained by 
inspecting a phosphor layer to an application step of applying 
a phosphor material While alloWing identi?cation of types of 
defects and permitting investment cost and running cost to 
become loW. 

[0018] A method for manufacturing a plasma display panel 
according to a ?rst aspect of the invention comprises the steps 
of: forming barrier ribs on a surface of an insulating substrate 
in order to separate a plurality of cells from one another; 
applying a phosphor material in the form of paste to a surface 
of the insulating substrate and side surfaces of the ribs; and, 
radiating light onto a surface of the phosphor material prior to 
drying the phosphor material and observing a pattern of light 
re?ected from each of the plurality of cells in order to inspect 
Whether a phosphor material is normally being applied to 
each of the plurality of cells. 
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[0019] The method according to the ?rst aspect of the 
invention is performed such that after the phosphor material is 
applied in the form of paste to the surface of the insulating 
substrate and the side surfaces of barrier ribs, and prior to 
drying the phosphor material, Whether the phosphor material 
is normally being applied to associated portions is inspected. 
[0020] In this case, the surface of the phosphor material 
specularly re?ects light incident thereon and therefore, the 
inspection operation can be performed not using excited light 
but using re?ected light. Furthermore, since the pattern of 
re?ected light faithfully describes a situation in Which the 
liquid surface of phosphor material is being formed, the state 
indicative of a situation in Which the phosphor material is 
being applied can be inspected by inspecting the pattern of 
re?ected light. 
[0021] In this case, the situation in Which the phosphor 
material is being applied and determination Whether the phos 
phor layer after drying of the phosphor material is normally 
being formed or not have a strong correlative relationship 
therebetWeen, and therefore, inspection of a situation in 
Which the phosphor material before drying of the phosphor 
material is being applied makes it possible to determine 
Whether the phosphor layer after drying of the phosphor 
material Will normally be formed or not. This alloWs deter 
mination of Whether the phosphor layer Will normally be 
formed or not to be performed before drying of the phosphor 
material and therefore, alloWs the results obtained by deter 
mination of Whether the phosphor layer Will normally be 
formed or not to quickly be fed back to the step of applying a 
phosphor material. Furthermore, observing the pattern of 
re?ected light permits identi?cation of types of defects. 
Moreover, there is no need to employ an ultraviolet ray lamp 
as a light source. That is, employment of the invention elimi 
nates the need for an ultraviolet ray lamp, an apparatus for 
preventing an operator from directly vieWing the ultraviolet 
ray and an equipment for preventing generation of oZone, 
thereby alloWing investment cost and running cost of the 
associated apparatus equipment to become loW. 

[0022] Furthermore, the inspection step of inspecting 
Whether a phosphor material is normally being applied to 
each of the plurality of cells may includes the steps of: cap 
turing an image of the applied phosphor material While radi 
ating light onto a surface of the applied phosphor material in 
order to obtain image data indicative of the image of the 
applied phosphor material; distinguishing patterns of images 
each consisting of light re?ected from each of the plurality of 
cells from one another based on the image data; and inspect 
ing Whether the phosphor material is normally being applied 
to each of the plurality of cells based on results obtained by 
distinguishing the patterns from one another in order to deter 
mine Whether or not a phosphor layer formed by drying the 
phosphor material Will normally be formed. 
[0023] Alternatively, the inspection step of inspecting 
Whether a phosphor material is normally being applied to 
each of the plurality of cells may includes the steps of: detect 
ing micro-defects de?ned as a defect included in each of the 
plurality of cells; and detecting macro-defects de?ned as a 
defect included in each of blocks consisting of a plurality of 
cells. This alloWs micro-defects as defects included in each of 
a plurality of cells to be detected and at the same time, permits 
macro-defects as defects included in each block consisting of 
a plurality of cells to be detected. As a result, uneven display 
on a screen of PDP can be identi?ed as a defect, alloWing 
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determination operation to be performed so as to produce 
results nearly equivalent to those obtained by visual determi 
nation. 

[0024] Additionally, the method according to the invention 
is carried out such that the phosphor material is employed as 
one of a plurality of phosphor materials corresponding to a 
plurality of colors and one of the plurality of phosphor mate 
rials is excited and emits light of one of the plurality of colors, 
and the inspection step of inspecting a phosphor material is 
performed a plurality of times to alloW the method to include 
a plurality of inspection steps corresponding to the plurality 
of colors of excited lights emitted from the plurality of phos 
phor materials, and further, on and after the second inspection 
step, Whether or not a phosphor layer Will normally be formed 
is determined based on results obtained in a current inspec 
tion step chosen out of the plurality of inspection steps and 
currently being performed, and results obtained in the inspec 
tion steps performed before the current inspection step. 
Accordingly, the defects that cannot easily be detected 
through a single inspection step can be detected. 

[0025] Moreover, the method according to the invention 
may be carried out such that the light is light having a Wave 
length range so as to be able to prevent the phosphor material 
from being excited and emitting light. Accordingly, the pat 
tern produced only by re?ected light can accurately be 
observed Without interference from the excited light. 

[0026] An inspection method, according to a second aspect 
of the invention, for inspecting a phosphor layer, Which is 
formed by applying a phosphor material in the form of paste 
to a surface of an insulating substrate Whose surface is divided 
into a plurality of cells and drying the phosphor material, 
comprises: observing a pattern of light re?ected from each of 
the plurality of cells While radiating light onto a surface of the 
phosphor material, after application of the phosphor material 
to the substrate and prior to drying the phosphor material, in 
order to inspect Whether a phosphor material is normally 
being applied to each of the plurality of cells and then deter 
mine Whether or not the phosphor layer Will normally be 
formed. 

[0027] An inspection apparatus, according to a third aspect 
of the invention, for inspecting a phosphor layer, Which is 
formed by applying a phosphor material in the form of paste 
to a surface of an insulating substrate Whose surface is divided 
into a plurality of cells and drying the phosphor material, 
comprises: a light source disposed above the substrate and 
illuminating the phosphor material being applied in the form 
of paste; a camera disposed above the substrate and capturing 
an image of the phosphor material being applied; and a data 
processor for identifying a pattern of light re?ected from each 
of the plurality of cells based on image data indicative of the 
image of the phosphor material captured by the camera and 
inspecting Whether the phosphor material is normally being 
applied to each of the plurality of cells in order to determine 
Whether or not the phosphor layer Will normally be formed. 

[0028] Preferably, the inspection apparatus is further con 
structed such that the camera may be disposed directly above 
the phosphor material Whose image is to be captured by the 
camera and the light source may be employed as one of tWo 
light sources and the tWo light sources are disposed so as to 
interpose the camera therebetWeen. Accordingly, the cameras 
are able to capture an image of light scattered by the phosphor 
material With higher e?iciency and further capture clearer 
re?ected light patterns. 



US 2009/0028419 A1 

[0029] As described above, according to the invention, 
Whether the phosphor layer Will normally be formed can be 
determined prior to drying the phosphor material and there 
fore, results obtained by determination of Whether the phos 
phor layer Will normally be formed or not can quickly be fed 
back to the step of applying a phosphor material. Further 
more, since inspection of Whether the phosphor material is 
normally being applied is performed based on the pattern of 
re?ected light, ultraviolet rays need not to be employed, 
alloWing investment cost and running cost of the associated 
apparatus equipment to become loW. Moreover, observation 
of the pattern of re?ected light alloWs identi?cation of types 
of defects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is a side vieW of a conventional inspection 
apparatus for inspecting a phosphor layer; 
[0031] FIG. 2 is a partially enlarged cross sectional vieW of 
the conventional inspection apparatus for inspecting a phos 
phor layer; 
[0032] FIG. 3 is a ?oW chart diagram illustrating process 
steps of forming a phosphor layer, Which process steps are 
included in conventional manufacturing steps for PDP; 
[0033] FIG. 4 is a side vieW of an inspection apparatus for 
inspecting a phosphor layer according to an embodiment of 
the invention; 
[0034] FIG. 5 is a ?oW chart diagram illustrating process 
steps of forming a phosphor layer according to the embodi 
ment, Which process steps are included in manufacturing 
steps for a PDP; 
[0035] FIG. 6 is a cross sectional vieW illustrating hoW a 
phosphor layer is inspected according to the embodiment; 
[0036] FIG. 7 is a ?oW chart diagram illustrating hoW a 
phosphor layer is inspected according to the embodiment; 
[0037] FIG. 8 is a ?oW chart diagram illustrating hoW a 
phosphor layer is inspected according to the embodiment, 
Wherein the ?oW chart is subsequent to the ?oW chart of FIG. 
7; 
[0038] FIG. 9 is a schematic diagram illustrating defects 
detected using the inspection method according to the 
embodiment; 
[0039] FIGS. 10A to 10C are schematic diagrams illustrat 
ing defects detected using the inspection method according to 
the embodiment, Wherein FIG. 10A illustrates a pinhole 
included in a cell, FIG. 10B illustrates a situation in Which a 
phosphor material ?oWs into a cell, and FIG. 10C illustrates 
an abnormal substance included in a cell; 
[0040] FIG. 11 is a diagram illustrating hoW cells are 
mapped according to the embodiment; 
[0041] FIG. 12 is a diagram illustrating hoW cells are 
grouped into individual blocks according to the embodiment; 
and 
[0042] FIG. 13 is a diagram illustrating the step of extract 
ing a difference betWeen brightness levels according to the 
embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0043] As described above, in the conventional manufac 
turing steps for PDP, a phosphor paste is applied to the dielec 
tric layer on the insulating substrate and dried to form the 
phosphor layer, and then, the phosphor layer is inspected. The 
dielectric layer formed on the insulating substrate is imaged 
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as a White image and the ribs also are imaged as a White 
image, and further, the phosphor layer placed in a situation in 
Which the phosphor layer is not emitting excited light is 
imaged as a White image. Accordingly, those components 
cannot be distinguished from one another by use of re?ected 
light and conventionally, inspecting a phosphor layer by use 
of re?ected li ght has been considered impossible. To solve the 
above-mentioned problem, inspection of phosphor layer has 
conventionally been performed by radiating ultraviolet rays 
onto a phosphor layer and making the phosphor layer emit 
excited light corresponding to each of individual colors. As a 
result, various problems have been arising as described above 
When ultraviolet rays are employed. Furthermore, a timing for 
feeding back the results obtained by inspection to the appli 
cation step of applying a phosphor paste is unfavorably 
delayed. 
[0044] In order to solve the above-described problems, the 
inventors of this application have energetically and repeat 
edly studied and experimented, and ?nally found the folloW 
ing facts, alloWing the inventors to complete the present 
invention. That is, When trying to capture the image of phos 
phor paste, Which are applied to individual cells, prior to 
drying the phosphor paste, the phosphor paste is still being in 
the form of paste and specularly re?ects light incident 
thereon, and patterns of images of the re?ected light indica 
tive of a pro?le of a liquid surface of the paste are obtained. In 
this case, the pro?le of the liquid surface of the phosphor paste 
depicts a situation in Which the paste is being applied and the 
situation in Which the phosphor paste is being applied and 
determination Whether the phosphor layer after drying of the 
paste Will normally be formed or not have a strong correlative 
relationship therebetWeen, and therefore, the patterns of 
images of the re?ected light give a tool to determine Whether 
the phosphor layer after drying of the paste is normally being 
formed or not. 

[0045] Embodiments of the present invention Will be 
explained in detail beloW With reference to the attached draW 
ings. FIG. 4 is a side vieW of an inspection apparatus for 
inspecting a phosphor layer according to an embodiment. As 
shoWn in FIG. 4, the inspection apparatus for inspecting a 
phosphor layer according to the embodiment is con?gured to 
have a conveyer 16 provided to move a substrate 1 that is to be 
a rear substrate of PDP in one direction. The substrate 1 is 
made of, for example, glass. Furthermore, Light Emitting 
Diodes (LEDs) 12a and 12b are provided above a portion 1a 
to be inspected on the substrate 1 and on upstream and doWn 
stream sides of the substrate 1 When vieWing the conveyer in 
a direction in Which the substrate 1 moves. The LEDs 12a and 
12b are disposed to extend in a direction orthogonal to a 
direction in Which the substrate 1 moves and the length of the 
LED is nearly equal to a Width of the substrate 1, Which Width 
extends in a direction orthogonal to a direction in Which the 
substrate 1 moves. The LEDs 12a and 12b are provided to 
approximately uniformly radiate visible light 14 onto the 
portion 1a of the substrate 1. Note that instead of LED, other 
typical illumination devices such as a ?uorescent lamp and a 
halogen lamp may be employed. 
[0046] Moreover, a CCD camera 13 is provided directly 
above the portion 1a of the substrate 1. The CCD camera 13 
may be a monochrome camera producing one-dimensional 
images having resolutions of 8,000 dots per inch and captur 
ing re?ected light 15 from the portion 1a. In the embodiment, 
the CCD camera 13 is able to capture an image With a reso 
lution of 20 pm by 20 pm at the surface of the substrate 1. 
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Then, a plurality of CCD cameras 13, for example, seven 
CCD cameras are provided along a direction orthogonal to a 
direction in Which the substrate 1 moves. In this case, the 
portion 1a is disposed Within overall ?elds of vieW of the 
seven CCD cameras 13. Still furthermore, a data processor 
(not shoWn) for processing image data indicative of an image 
captured by the CCD camera 13 and determining Whether a 
phosphor layer Will normally be formed or not is provided and 
connected to the CCD cameras 13. 

[0047] Subsequently, a method, including an inspection 
method for inspecting a phosphor layer, for manufacturing a 
PDP according to the embodiment Will be explained. FIG. 5 
is a ?oW chart diagram illustrating process steps of forming a 
phosphor layer according to the embodiment, Which process 
steps are included in manufacturing steps for a PDP. FIG. 6 is 
a cross sectional vieW illustrating hoW a phosphor layer is 
inspected according to the embodiment. FIGS. 7 and 8 are 
?oW chart diagrams illustrating hoW a phosphor layer is 
inspected according to the embodiment. FIGS. 9 and 10A 
10C are schematic diagrams illustrating defects detected 
using the inspection method according to the embodiment. 
FIG. 11 is a diagram illustrating hoW cells are mapped accord 
ing to the embodiment. FIG. 12 is a diagram illustrating hoW 
cells are grouped into individual blocks according to the 
embodiment. FIG. 13 is a diagram illustrating the step of 
extracting a difference betWeen brightness levels according to 
the embodiment. Note that although a rear substrate of PDP 
has a number of cells arranged in a matrix of roWs and col 
umns thereon, only one cell magni?ed is depicted in FIG. 6. 
Furthermore, illustration of dielectric layer is omitted in FIG. 
6 for simpli?cation. 
[0048] First, a plurality of scanning electrodes and a plu 
rality of sustain electrodes are formed on a transparent sub 
strate so that the scanning electrodes and the sustain elec 
trodes extend in parallel With one another and alternately 
disposed. Then, a dielectric layer is formed to cover the scan 
ning electrodes and the sustain electrodes, thereby preparing 
a front substrate. 

[0049] On the other hand, data electrodes and a dielectric 
layer are formed on a surface of the other transparent sub 
strate and then barrier ribs are formed. The rib structure has, 
for example, a rectangular lattice-like layout and the space 
betWeen the ribs de?nes each of the cells arranged in a matrix 
of roWs and columns. Note that one cell is formed to have a 
length of, for example, 400 to l 100 pm in a direction of major 
side of cell and a length of, for example, 200 to 300 pm in a 
direction of minor side of cell. Thereafter, a phosphor layer is 
formed on inner surfaces of a cell separated from other cells 
by the ribs. Phosphors of the phosphor layer are excited by 
radiation of ultraviolet rays that are generated by discharge 
Within the cell and then emit light. Like the conventional PDP 
as described above, in the embodiment, a PDP has three types 
of phosphor layers emitting light of the primary colors, i.e., 
Red (R), Green (G), Blue (B), respectively and are formed in 
individual cell columns. That is, one type of phosphor layer is 
formed in one cell, and cells each having the same type of 
phosphor layer are arranged in a column. In more detail, a cell 
column (green cell column) consisting of cells each having a 
phosphor layer corresponding to G is disposed adjacent a cell 
column (red cell column) consisting of cells each having a 
phosphor layer corresponding to R and a cell column (blue 
cell column) consisting of cells each having a phosphor layer 
corresponding to B is disposed adjacent the green cell col 
umn, and then, a red cell column is disposed adjacent the blue 
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cell column, and further, the above-described arrangement of 
cell columns is repeated on the rear substrate. A method for 
forming phosphor layers Will be explained beloW. 
[0050] First, referring to step 51 ofFIG. 5 and to FIG. 6, a 
phosphor paste 5a of ?rst color (e.g., red) material is applied 
to inner surfaces of a cell 3, i.e., the surface of the substrate 1 
and side surfaces of the ribs 2, every third column such as by 
printing techniques. Then, as shoWn in step S2, for example, 
Whether or not the phosphor paste 5a is normally being 
applied to the associated portions Within each cell 3 is 
inspected. HoW the phosphor paste 5a is inspected in step S2 
Will be explained in detail beloW. 
[0051] As shoWn in step S11 of FIG. 7 and in FIG. 4, the 
substrate 1 is made to move relative to the CCD camera 13 at 
a constant speed by the conveyer 16. During movement of the 
substrate 1, LEDs 12a and 12b radiate visible light 14 to the 
portion 1a to be inspected on the substrate 1. The visible light 
14 is con?gured to have a Wavelength so as not to make 
phosphors of the phosphor paste 5a excited and then emit 
light and the visible light is re?ected by the liquid surface of 
the phosphor paste 5a to produce re?ected light 15. Then, the 
CCD camera 13 captures the image of the portion 1a. In this 
case, the substrate 1 is made to move by the conveyer 16 so 
that entire surfaces of the substrate 1 pass directly beloW the 
CCD camera 13 and the image of the entire surfaces of the 
substrate 1 is captured by the camera. Furthermore, a data 
processor (not shoWn) processes image data indicative of the 
image captured by the CCD camera 13 and determines 
Whether a phosphor layer that is to be formed by drying 
phosphor paste Will normally be formed. HoW the image 
captured as described above is processed Will be explained 
beloW. Steps S12 to S18 shoWn in FIG. 7 and steps S19 to S28 
shoWn in FIG. 8 all are performed by the data processor. 
[0052] First, as shoWn in step S12 of FIG. 7, the data pro 
cessor determines Whether the phosphor paste 5a is normally 
being applied to associated portions Within each cell based on 
a pattern of light re?ected from each cell, Which pattern is 
produced using the image data indicative of the captured 
image. If the amount of the phosphor paste 5a applied to 
associated portions Within a cell is suitable and the phosphor 
paste 5a is uniformly being applied thereto, the pattern of 
light re?ected from the cell becomes a pattern positioned at 
the cross point of a roW “suitable amount” and a sub-column 
“upper surface” of a column “before drying” of FIG. 9. 
[0053] DraWings shoWn in the sub-column “upper surface” 
of the column “after drying” of FIG. 9 indicate the intensity of 
the re?ected light 15 and an outline region 21 on a colored 
background indicates a region corresponding to the maxi 
mum intensity of the re?ected light 15, i.e., a bright region. 
Furthermore, regions 22, 23 and 24 correspond to the gradu 
ally reducing intensity of the re?ected light 15 in this order 
and the region 24 corresponds to the loWest intensity thereof, 
i.e., a region vieWed as a dark region. When the phosphor 
paste 5a is normally being applied to associated portions 
Within the cell 3, the liquid surface of the phosphor paste 5a is 
curved in a direction of minor side of the cell 3 and slightly 
depressed. Accordingly, the liquid surface of the phosphor 
paste 5a becomes parallel to the surface of the substrate 1 in 
the central portion of the cell 3 in a direction of minor side 
thereof and When vieWing the cell 3 from the CCD camera 13 
positioned directly above the cell, the intensity of the 
re?ected light 15 becomes high in the central portion of the 
cell 3 in a direction of minor side thereof. Thus, a rectangular 
and bright region 21 extending in a direction of maj or side of 
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the cell 3 appears in the central portion of the cell 3 in a 
direction of minor side thereof. 

[0054] In contrast, When the amount of the phosphor paste 
5a applied to associated portions Within a cell is excessive, the 
pattern of light re?ected from the cell becomes a pattern 
shoWn in drawings in a roW “amount of paste is excessive” of 
FIG. 9. Furthermore, When the amount of the phosphor paste 
5a applied to associated portions Within a cell is smaller than 
a desired amount, the length of a bright region 21 Within the 
pattern of light re?ected from the cell becomes shorter in a 
direction of maj or side of the cell 3, as shoWn in draWings in 
roWs “amount of paste is small (1)” and “amount of paste is 
small (2)” of FIG. 9. This phenomenon can be explained as 
folloWs. That is, since the end portions of the liquid surface of 
the phosphor paste 5a are ?xed to the upper ends of the barrier 
ribs 2, When the amount of the phosphor paste 5a becomes 
smaller, the extent to Which the liquid surface is depressed 
becomes larger. Moreover, When the amount of the phosphor 
paste 5a becomes further smaller and then the end portions of 
the liquid surface of the phosphor paste 5a come not to be 
?xed to the upper ends of the barrier ribs 2, the entire surface 
is loWered in height and the intensity of the re?ected light 15 
becomes Weakened, and then the bright region 21 disappears, 
as shoWn in draWings in roW “amount of paste is lacking” of 
FIG. 9. Note that in step S12, the cells corresponding to the 
columns “amount of paste is small (1),” “amount of paste is 
small (2),” and “amount of paste is lacking” are not necessar 
ily distinguished from one another. 
[0055] Still furthermore, When the amount of the phosphor 
paste 5a is extremely small or no phosphor paste is applied, 
the pattern of light re?ected from the cell becomes patterns 
shoWn in FIGS. 10A and 10B or re?ection patterns shoWn in 
roWs “cell is empty” or “amount of paste is lacking” of FIG. 
9. When cells to Which a phosphor paste has been applied are 
considered as being in the aforementioned states, the cells 
being in any one of the aforementioned states are all identi?ed 
as containing “pinholes.” 
[0056] It should be appreciated that in this case, cells to 
Which the phosphor paste 5a is not applied, that is, cells to 
Which a phosphor paste of second and third color (e.g., green 
and blue) material Will be applied by printing techniques in a 
subsequent step also are inspected. As a result, When a cell is 
in a normal state, i.e., does not have the phosphor paste 5a 
applied thereto, the re?ection pattern corresponding to the 
cell becomes the pattern shoWn as the draWing in the roW “cell 
is empty” of FIG. 9. In contrast, When the phosphor paste 511 
has ?oWed into the cell, the pattern of light re?ected from the 
cell becomes a re?ection pattern shoWn in FIG. 10B. The 
phosphor paste 511 having ?oWed into the cell potentially 
causes color mixture (color smearing) and relative positional 
displacement. Furthermore, When abnormal substances are 
mixed Within the cell, the pattern of light re?ected from the 
cell becomes a re?ection pattern shoWn in FIG. 10C. 

[0057] Subsequently, as shoWn in step S13 of FIG. 7, ?ags 
corresponding to individual states (hereinafter, referred to 
also as a cell state) indicative of a situation in Which the 
phosphor paste 5a is being applied to associated portions of a 
cell are set in cells other than normal cells, i.e., in cells 
(hereinafter, referred to as a non-normal cell) that potentially 
contain defects, based on results obtained by determination in 
step S12. That is, in step S13, cell states are distinguished 
from one another. This operation is pre-processing for deter 
mination of Whether a cell is defective, Which determination 
Will be made in later described steps S15 to S27. Furthermore, 
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determination of cell state in step S13 makes it possible to 
reduce the amount of data processing to be performed in later 
described steps S19 to S21. 

[0058] Subsequently, as shoWn in step S14, non-normal 
cells in Which ?ags have been set in step S13 are grouped into 
a micro-defects including cell group and a macro-defects 
including cell group. The term “micro-defects” represents a 
cell state Which is de?ned such that a defective state can be 
identi?ed When defects occur in only one cell and the defects 
contained in a cell in a defect mode are typi?ed by “pinhole,” 
“color smearing” and “abnormal substance.” The cell in this 
defect mode corresponds to the cell states denoted in the roWs 
“amount of paste is small (2),” “amount of paste is lacking,” 
and “cell is empty” of FIG. 9, and the cell states shoWn in 
FIGS. 10A, 10B and 10C. The term “macro-defects” repre 
sents a cell state Which is de?ned such that a defective state 
cannot be identi?ed even When defects occur in only one cell, 
but a defective state can be identi?ed When defects are con 
centrated in cells in a speci?c region Within a PDP and appear 
as uneven display or color distortion, Which are determined 
by visual examination. The cell in this cell state corresponds 
to the draWings shoWn in the roWs “amount of paste is exces 
sive,” “amount of paste is small (1),” and “amount of paste is 
small (2),” of FIG. 9, and the draWing “paste has ?oWed into 
cell” of FIG. 10B. 

[0059] Thereafter, in steps S15 to S18, determination of 
Whether a block consisting of cells includes macro-defects is 
carried out. As shoWn in step S15 and in FIG. 11, processing 
results obtained in step S13 are mapped. FIG. 11 illustrates 
cell states corresponding to cells arranged in a matrix of roWs 
and columns and one rectangle represents one cell. A column 
L1 represents a column of cells to Which a phosphor paste of 
red material is applied in the aforementioned step 51 (refer to 
FIG. 5) and columns L2 and L3 each represent a column of 
cells to Which a phosphor paste is not yet applied. Accord 
ingly, for the cells constituting the column L1, the cell state 
corresponding to the roW “amount of paste is suitable” of FIG. 
9 is normal and for the cells constituting the columns L2 and 
L3, the cell state corresponding to the roW “cell is empty” of 
FIG. 9 is normal. In FIG. 11, an outline cell 31 on a colored 
background corresponds to the roW “cell is empty.” Further 
more, a cell 32 marked With diagonal lines corresponds to the 
roW “amount of paste is suitable.” Moreover, a cell 33 marked 
With horiZontal lines corresponds to the roW “amount of paste 
is excessive” and a cell 34 marked With vertical lines corre 
sponds to the roWs “amount of paste is small (1)” and 
“amount of paste is small (2),” and a cell 35 marked With “X” 
letter corresponds to the “abnormal substance” containing 
cell. Additionally, a region 3 6 represents a region in Which the 
cells 33 corresponding to the roW “amount of paste is exces 
sive” are concentrated and a region 37 represents a region in 
Which the cells 34 corresponding to the roWs “amount of paste 
is small (1)” and “amount of paste is small (2)” are concen 
trated. 

[0060] Subsequently, as shoWn in step S16 and FIG. 12, 
map data produced in step S15 is compressed and grouping 
operation is performed on the map data. The grouping opera 
tion is processing for collecting cells located Within a speci?c 
region into one block and attaching to the block a label that is 
representative of cell states corresponding to individual cells 
constituting the block. As shoWn in FIG. 12, in the embodi 
ment, a set of l 8 cells in three roWs and six columns constitute 
one block. Note that the block is not limited to the rectangular 
siZe (three roWs and six columns) and therefore, may be of a 
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suitable size that allows determination operation to be per 
formed so as to produce results nearly equivalent to those 
obtained by visual determination. Note that the drawing on 
the left in FIG. 12 is the same as that of FIG. 11. 

[0061] For instance, in a block B1, since individual cells 
constituting the block B1 are all in a normal state, the block 
B1 is made to have a label “normal” attached thereto. Fur 
thermore, in a block B2, since ?ve cells out of cells consti 
tuting the block B2 are in the states corresponding to the roWs 
“amount of paste is small (1)” and “amount of paste is small 
(2),” the block B2 is made to have a label “amount of paste is 
small” attached thereto. Moreover, in a block B3, since tWo 
cells out of cells constituting the block B3 are in the states 
corresponding to the roW “amount of paste is excessive,” the 
block B3 is made to have a label “amount of paste is exces 
sive” attached thereto. 

[0062] Thereafter, as shoWn in step S17, among the non 
normal blocks attached With labels other than the label “nor 
mal,” the number of the non-normal blocks consecutively 
arranged is assumed to be “A” and the number “A” is com 
pared With a previously determined threshold value, and if the 
number “A” of the non-normal blocks consecutively arranged 
is less than the threshold value, the corresponding substrate is 
determined as “containing no macro-defects,” and then, the 
processing operation proceeds to the next step S19 shoWn in 
FIG. 8. In contrast, if the number “A” of the non-normal 
blocks consecutively arranged is not less than the threshold 
value, the substrate is determined as “containing macro-de 
fects” and the processing operation proceeds to the next step 
S18, and then, a ?ag indicative of inclusion of defects is set in 
the substrate. Thereafter, the processing operation proceeds 
to step S19 shoWn in FIG. 8. For example, since tWo blocks 
attached With the label “amount of paste is small” are con 
secutively arranged, the number “A” of non-normal blocks 
consecutively arranged is tWo and since three blocks attached 
With the label “amount of paste is excessive” are consecu 
tively arranged, and therefore, it can be concluded that the 
number “A” of non-normal blocks consecutively arranged is 
three. Note that the threshold value may be changed depend 
ing on types of cell states. 

[0063] Then, as shoWn in steps S19 to S27 ofFIG. 8, deter 
mination of Whether a cell includes micro-defects is carried 
out. The determination of Whether a cell includes micro 
defects is carried out for individual types of defects.As shoWn 
in step S19 and FIG. 13, a processing operation for extracting 
a difference betWeen brightness levels is performed on the 
re?ection patterns obtained in step S12 of FIG. 7 and corre 
sponding to the individual cells. The processing operation for 
extracting a difference betWeen brightness levels is, for 
example, a binary operation. The binary operation alloWs the 
re?ection patterns shoWn in a column “before drying (upper 
surface)” of FIG. 13 to be converted into draWings shoWn in 
a column “after binary operation (upper surface) .” 
[0064] Subsequently, as shoWn in step S20 of FIG. 8, the 
geometrical pro?le of bright regions 25 in the draWings after 
binary operation is evaluated. For instance, When the geo 
metrical pro?le of the bright regions 25 is a rectangle, the cell 
is considered to be in any one of cell states corresponding to 
roWs “amount of paste is suitable,” “amount of paste is small 
(1),” “amount of paste is small (2),” “amount of paste is 
lacking,” and “cell is empty,” as shoWn in FIG. 13. Then, the 
length L and Width W of the region 25 are measured to 
calculate the area “B” (:LXW) of the region 25. 
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[0065] Thereafter, as shoWn in step S21, the area “B” of the 
region 25 is compared With a previously determined threshold 
value, and if the area “B” is less than the threshold value, the 
cell of interest is determined as being in the cell state corre 
sponding to the roW “amount of paste is suitable,” “amount of 
paste is small (1),” or “amount of paste is small (2),” and then, 
determined as containing no micro-defects, and further, the 
processing operation proceeds to the next step S23. In con 
trast, if the area “B” is not less than the threshold value, the 
cell of interest is determined as being in the cell state corre 
sponding to the roW “amount of paste is lacking” or “cell is 
empty” and the processing operation proceeds to step S22, 
and then, a ?ag indicative of inclusion of micro-defects is set 
in the cell, and further, the processing operation proceeds to 
step S23. 

[0066] Additionally, When the cell of interest is in the cell 
state corresponding to the roW “amount of paste is excessive,” 
the area of the region 25 is measured and based on the mea 
sured result, the extent to Which the excessively applied paste 
is being applied to associated portions of the cell is evaluated, 
and then, Whether the cell includes micro-defects is deter 
mined. Furthermore, When the cell is in the cell state corre 
sponding to the roW “paste has ?oWed into cell,” the Width 
(the amount of displacement) and the area of a portion over 
Which a paste has ?oWed are measured and Whether the cell of 
interest includes micro-defects is determined. Still further 
more, When the cell is in the cell state corresponding to the 
draWing “abnormal sub stance,” the area and the length of the 
abnormal substance are measured and Whether the cell of 
interest includes micro-defects is determined. 

[0067] In step S23, Whether steps S21 and S22 have been 
performed on all cells to be inspected is determined and When 
the steps have not been performed on all cells, the processing 
operation returns to step S21, and When the steps have been 
performed on all cells, the processing operation proceeds to 
step S24. 
[0068] Then, as shoWn in step S24, the number of ?ags 
indicating inclusion of micro-defects and set in step S22 is 
summed and counted. Thereafter, as shoWn in step S25, the 
counted number of ?ags indicative of inclusion of micro 
defects is compared With a previously determined threshold 
value and When the number of ?ags indicative of inclusion of 
micro-defects is less than the threshold value, the substrate of 
interest is determined as being “in a favorable one of states 
indicative of inclusion/exclusion of micro-defects,” and the 
processing operation proceeds to step S27. When the number 
of ?ags indicative of inclusion of micro-defects is not less 
than the threshold value, the substrate of interest is deter 
mined as being “in an unfavorable one of states indicative of 
inclusion/exclusion of micro-defects,” and the processing 
operation proceeds to step S26, and then, a ?ag indicating the 
substrate is defective is set. Thereafter, the processing opera 
tion proceeds to step S27. 
[0069] Subsequently, as shoWn in step S27, Whether the 
processing operations shoWn in steps S19 to S26 have been 
performed on all types of defects is determined and When the 
processing operations have not yet been performed on all 
types of defects, the processing operation returns to step S19, 
and the processing operations shoWn in steps S19 to S26 are 
performed on the remaining types of defects. In addition, the 
processing operations shoWn in steps S19 to S26 have been 
performed on all types of defects, the processing operation 
proceeds to step S28. 








