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(57) ABSTRACT 

Disclosed are a phosphor pattern Which comprises a sub 
strate having unevenness and a phosphor layer formed on 
the inner surface of a concave portion of the substrate, 
Wherein the phosphor pattern thickness ratio (x)/(y) satis?es 
a range of 0.1 to 1.5, Where When the length from the bottom 
of the concave portion to the top of a convex portion is L 
(urn), is a thickness of the phosphor pattern formed on an 
uneven Wall surface at a position of 0.9><L from the bottom 
of the concave portion toWard the top of the convex portion, 
and (y) is a thickness of the phosphor pattern formed on the 
uneven Wall surface at a position of 0.4><L from the bottom 
of the concave portion toWard the top of the convex portion, 
and processes for preparing the same. 
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PHOSPHOR PATTERN, PROCESSES FOR 
PREPARING THE SAME AND PHOTOSENSITIVE 

ELEMENT TO BE USED FOR THE SAME 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a photosensitive element 
and processes for preparing a phosphor pattern using the 
same. 

[0002] In the prior art, as one of ?at plate displays, there 
has been knoWn a plasma display panel (hereinafter referred 
to as “PDP”) Which enables multicolor display by providing 
a phosphor Which emits light by plasma discharge. 

[0003] In PDP, ?at front plate and back plate comprising 
glass are arranged in parallel With each other and facing to 
each other, both of the plates are retained at a certain interval 
by a barrier rib provided therebetWeen, and PDP has a 
structure that discharge is effected in a space surrounded 
With the front plate, the back plate and the barrier rib. 

[0004] In such a space, a phosphor is coated for display, 
and by discharge, the phosphor emits light by UV ray 
generated from ?ller gas, and the light can be recogniZed by 
an observer. 

[0005] In the prior art, as a method for providing the 
phosphor, a method of coating a slurry solution or paste in 
Which phosphors of the respective colors are dispersed, by 
a printing method such as screen printing has been proposed 
and disclosed in Japanese Provisional Patent Publications 
No. 115027/1989, No. 124929/1989, No. 124930/1989 and 
No. 155142/1990. 

[0006] HoWever, the above phosphor-dispersed slurry 
solution is liquid so that dispersion failure due to precipi 
tation of the phosphors occurs easily, and the slurry solution 
also has a draWback that When a liquid photosensitive resist 
is used in the slurry solution, storage stability is poor due to 
acceleration of a dark reaction or the like. Further, the 
printing method such as screen printing is inferior in printing 
precision so that there are problems that it is dif?cult to cope 
With enlargement of a screen of PDP in the future, and 
others. 

[0007] In order to solve these problems, there has been 
proposed a method of using a photosensitive element (Which 
is also called as a photosensitive ?lm) containing a phosphor 
(Japanese Provisional Patent Publication No. 273925/ 1994). 

[0008] In the method of using a photosensitive element, a 
phosphor-containing photosensitive resin layer of a photo 
sensitive element comprising a photosensitive resin layer 
containing a phosphor and a support ?lm is embedded in the 
space of the above substrate for PDP by contact bonding 
(lamination) under heating, the layer is subjected to image 
Wise eXposure With active light such as UV ray by a 
photographic method using a negative ?lm, an uneXposed 
portion is removed by a developing solution such as an 
alkaline aqueous solution, and further unnecessary organic 
components are removed by calcination to form a phosphor 
pattern only at a necessary portion. 

[0009] Therefore, When a phosphor pattern is formed in 
the space of the above substrate for PDP, it is not necessary 
to con?rm dispersibility of a phosphor, and storage stability 
is also eXcellent as compared With the case of using a 
phosphor-dispersed slurry solution or paste. Further, the 
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photographic method is used so that a phosphor pattern can 
be formed With good precision. 

[0010] HoWever, When a phosphor-containing photosen 
sitive resin layer is embedded in the space (in the cell) of 
above substrate for PDP by lamination by using a photo 
sensitive element according to the conventional method, it is 
dif?cult to form a phosphor pattern With uniform thickness 
and shape on the Wall surface of a barrier rib and the bottom 
of the space. 

SUMMARY OF THE INVENTION 

[0011] The invention according to claim 1 is to provide a 
phosphor pattern in Which loWering of apparent luminance 
in visual recognition from a Wide angle of a ?eld of vieW can 
be suppressed in PDP. 

[0012] The invention according to claim 2 is to provide a 
process for preparing a phosphor pattern, in Which property 
of embedding in a space of a substrate having unevenness 
such as a substrate for PDP (property of forming a phosphor 
containing photosensitive resin composition layer on the 
Wall surface of a barrier rib and the bottom of a space of a 
substrate for PDP) is eXcellent and a phosphor pattern With 
high precision and a uniform shape can be formed. 

[0013] The invention according to claim 3 is to provide a 
process for preparing a phosphor pattern, having eXcellent 
operatability in addition to the effects of the invention 
according to claim 2. 

[0014] The invention according to claim 4 is to provide a 
process for preparing a phosphor pattern, having eXcellent 
property of suppressing decrease in phosphor-containing 
photosensitive resin composition layer thickness in addition 
to the effects of the invention according to claim 2. 

[0015] The invention according to claim 5 is to provide a 
photosensitive element in Which property of suppressing 
edge fusion and property of embedding in a space of a 
substrate having unevenness such as a substrate for PDP are 
eXcellent and a phosphor pattern With high precision and a 
uniform shape can be formed With good operatability. 

[0016] The invention according to claim 6 is to provide a 
process for preparing a phosphor pattern, in Which operat 
ability, environmental safety and property of embedding in 
a space of a substrate having unevenness such as a substrate 
for PDP are excellent and a phosphor pattern With high 
precision and a uniform shape can be formed. 

[0017] The invention according to claim 7 is to provide a 
process for preparing a phosphor pattern, having more 
eXcellent operatability in addition to the effects of the 
invention according to claim 6. 

[0018] The invention according to claim 8,is to provide a 
process for preparing a phosphor pattern, having eXcellent 
property of suppressing decrease in phosphor-containing 
photosensitive resin composition layer thickness in addition 
to the effects of the invention according to claim 6. 

[0019] The invention according to claim 9 is to provide a 
process for preparing a phosphor pattern, in Which property 
of embedding in a space of a substrate having unevenness 
such as a substrate for PDP is excellent and a phosphor 
pattern With high precision and a uniform shape can be 
formed. 
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[0020] The invention according to claim 10 is to provide 
a process for preparing a phosphor pattern, having more 
excellent operatability in addition to the effects of the 
invention according to claim 9. 

[0021] The invention according to claim 11 is to provide 
a process for preparing a phosphor pattern, having excellent 
property of suppressing decrease in phosphor-containing 
photosensitive resin composition layer thickness in addition 
to the effects of the invention according to claim 9. 

[0022] The invention according to claim 12 is to provide 
a photosensitive element in Which property of suppressing 
edge fusion and property of embedding in a space of a 
substrate having unevenness such as a substrate for PDP are 
excellent and a phosphor pattern With high precision and a 
uniform shape can be formed With good operatability. 

[0023] The invention according to claim 13 is to provide 
a process for preparing a phosphor pattern, in Which prop 
erty of embedding in a space of a substrate having uneven 
ness such as a substrate for PDP is excellent and a phosphor 
pattern With high precision and a uniform shape can be 
formed. 

[0024] The invention according to claim 14 is to provide 
a process for preparing a phosphor pattern, having more 
excellent operatability in addition to the effects of the 
invention according to claim 13. 

[0025] The invention according to claim 15 is to provide 
a process for preparing a phosphor pattern, having excellent 
property of suppressing decrease in phosphor-containing 
photosensitive resin composition layer thickness in addition 
to the effects of the invention according to claim 13. 

[0026] The invention according to claim 16 is to provide 
a process for preparing a phosphor pattern, in Which prop 
erty of embedding in a space of a substrate having uneven 
ness such as a substrate for PDP is excellent and a phosphor 
pattern With high precision and a uniform shape can be 
formed. 

[0027] The invention according to claim 17 is to provide 
a process for preparing a phosphor pattern, having more 
excellent operatability in addition to the effects of the 
invention according to claim 16. 

[0028] The invention according to claim 18 is to provide 
a process for preparing a phosphor pattern, having excellent 
property of suppressing decrease in phosphor-containing 
photosensitive resin composition layer thickness in addition 
to the effects of the invention according to claim 16. 

[0029] The inventions according to claims 19 and 24 are 
to provide a process for preparing a phosphor pattern, having 
more excellent operatability in addition to the effects of the 
invention according to claim 2, and a photosensitive element 
having more excellent operatability in addition to the effects 
of the invention according to claim 5. 

[0030] The inventions according to claims 20 and 25 are 
to provide a process for preparing a phosphor,pattern, having 
more excellent storage stability in addition to the effects of 
the invention according to claim 2, and a photosensitive 
element having more excellent storage stability in addition 
to the effects of the invention according to claim 5. 

[0031] The inventions according to claims 21 and 26 are 
to provide a process for preparing a phosphor pattern, having 
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excellent property of suppressing mixing of colors in addi 
tion to the effects of the invention according to claim 2, and 
a photosensitive element having more excellent property of 
suppressing mixing of colors in addition to the effects of the 
invention according to claim 5. 

[0032] The invention according to claim 27 is to provide 
a process for preparing a phosphor pattern; having more 
excellent operatability in addition to the effects of the 
invention according to claim 2. 

[0033] The inventions according to claims 22 and 28 are 
to provide a process for preparing a phosphor pattern, Which 
can form a phosphor pattern With high precision and a 
uniform shape and has the effects of the invention according 
to claim 2, and a photosensitive element Which can form a 
phosphor pattern With high precision and a uniform shape 
and has the effects of the invention according to claim 5. 

[0034] The inventions according to claims 23 and 29 are 
to provide a process for preparing a phosphor pattern, Which 
can form a phosphor pattern With high precision and a 
uniform shape and has the effects of the invention according 
to claim 9, and a photosensitive element Which can form a 
phosphor pattern With high precision and a uniform shape 
and has the effects of the invention according to claim 12. 

[0035] (1) The present invention relates to a phosphor 
pattern Which comprises a substrate having,unevenness and 
a phosphor layer formed on the inner surface of a concave 
portion of the substrate, 

[0036] Wherein When the length from the bottom of the 
concave portion to the top of a convex portion is L (pm), the 

phosphor pattern thickness ratio (x)/(y) of the thickness of the phosphor pattern formed on an uneven Wall surface at 

a position of 0.9><L from the bottom of the concave portion 
toWard the top of the convex portion to the thickness (y) of 
the phosphor pattern formed on the uneven Wall surface at 
a position of 0.4><L from the bottom of the concave portion 
toWard the top of the convex portion satis?es a range of 0.1 
to 1.5. 

[0037] (2) The present invention further relates to a pro 
cess for preparing a phosphor pattern, Which comprises: 

[0038] (la) a step of heating and pressuriZing a thermo 
plastic resin layer (B) in a state that the thermoplastic resin 
layer (B) is superposed on a phosphor-containing photosen 
sitive resin composition layer (A) on an uneven surface of a 
substrate having unevenness, to laminate the phosphor 
containing photosensitive resin composition layer (A) and 
the thermoplastic resin layer (B) on the uneven surface; 

[0039] (Ha) a step of irradiating the phosphor-containing 
photosensitive resin composition layer (A) and/or the ther 
moplastic resin layer (B) imageWisely With active light; 

[0040] (IIIa) a step of removing unnecessary portions from 
the phosphor-containing photosensitive resin composition 
layer (A) and/or the thermoplastic resin layer (B) by devel 
opment; and 

[0041] (IVa) a step of removing unnecessary components 
from the phosphor-containing photosensitive resin compo 
sition layer (A) and/or the thermoplastic resin layer (B) by 
calcination. 

[0042] (3) The present invention further relates to the 
process of the above (2), Wherein the respective steps of (la) 
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to (IIIa) are repeated to form a multicolor pattern comprising 
photosensitive resin composition layers each containing a 
phosphor Which emits red, green or blue light, and then the 
step of (IVa) is carried out to form a multicolor phosphor 
pattern. 

[0043] (4) The present invention further relates to the 
process of the above (2), Wherein the respective steps of (Ia) 
to (IVa) are repeated to form a multicolor phosphor pattern 
Which emits red, green and blue lights. 

[0044] (5) The present invention further relates to a pho 
tosensitive element Which comprises a-support ?lm, a ther 
moplastic resin layer (B) provided on the support ?lm, and 
a phosphor-containing photosensitive resin composition 
layer (A) provided on the thermoplastic resin layer 

[0045] (6) The present invention further relates to a pro 
cess for preparing a phosphor pattern, Which comprises: 

[0046] (lb) a step of heating and pressuriZing the photo 
sensitive element of the above (5) so that the phosphor 
containing photosensitive resin composition layer (A) is 
contacted With an uneven surface of a substrate having 
unevenness, to laminate the phosphor-containing photosen 
sitive resin composition layer (A) and the thermoplastic 
resin layer (B) on the uneven surface; 

[0047] (IIb) a step of irradiating the phosphor-containing 
photosensitive resin composition layer (A) and/or the ther 
moplastic resin layer (B) imageWisely With active light; 

[0048] (IIIb) a step of removing unnecessary portions 
from the phosphor-containing photosensitive resin compo 
sition layer (A) and/or the thermoplastic resin layer (B) by 
development; and 

[0049] (IVb) a step of removing unnecessary components 
from the phosphor-containing photosensitive resin compo 
sition layer (A) and/or the thermoplastic resin layer (B) by 
calcination. 

[0050] (7) The present invention further relates to the 
process of the above (6), Wherein the respective steps of (Ib) 
to (IIIb) are repeated to form a multicolor pattern comprising 
photosensitive resin composition layers each containing a 
phosphor Which emits red, green or blue light, and then the 
step of (IVb) is carried out to form a multicolor phosphor 
pattern. 

[0051] (8) The present invention further relates to the 
process of the above (6), Wherein the respective steps of (lb) 
to (IVb) are repeated to form a multicolor phosphor pattern 
Which emits red, green and blue lights. 

[0052] (9) The present invention further relates to a pro 
cess for preparing a phosphor pattern, Which comprises: 

[0053] (Ic) a step of heating and pressuriZing an embed 
ding layer (C) in a state that the embedding layer (C) is 
superposed on a phosphor-containing photosensitive resin 
composition layer (A) on an uneven surface of a substrate 
having unevenness, to laminate the phosphor-containing 
photosensitive resin composition layer (A) and the embed 
ding layer (C) on the uneven surface; 

[0054] (11c) a step of peeling the embedding layer (C); 

[0055] (IIIc) a step of irradiating the phosphor-containing 
photosensitive resin composition layer (A) imageWisely 
With active light; 
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[0056] (IVc) a step of removing an unnecessary portion 
from the phosphor-containing photosensitive resin compo 
sition layer (A) by development; and 

[0057] (Vc) a step of removing unnecessary components 
from the phosphor-containing photosensitive resin compo 
sition layer (A) by calcination. 

[0058] (10) The present invention further relates to the 
process of the above (9), Wherein the respective steps of (Ic) 
to (IVc) are repeated to form a multicolor pattern comprising 
photosensitive resin composition layers each containing a 
phosphor Which emits red, green or blue light, and then the 
step of (Vc) is carried out to form a multicolor phosphor 
pattern. 

[0059] (11) The present invention further relates to the 
process of the above (9), Wherein the respective steps of (Ic) 
to (Vc) are repeated to form a multicolor phosphor pattern 
Which emits red, green and blue lights. 

[0060] (12) The present invention further relates to a 
photosensitive element Which comprises a support ?lm, an 
embedding layer (C) provided on the support ?lm, and a 
phosphor-containing photosensitive resin composition layer 
(A) provided on the embedding layer 

[0061] (13) The present invention further relates to a 
process for preparing a phosphor pattern, Which comprises: 

[0062] (Id) a step of heating and pressuriZing the photo 
sensitive element having the embedding layer (C) and the 
phosphor-containing photosensitive resin composition layer 
(A) provided thereon, of the above (12) so that the phosphor 
containing photosensitive resin composition layer (A) is 
contacted With an uneven surface of a substrate having 
unevenness, to laminate the phosphor-containing photosen 
sitive resin composition layer (A) and the embedding layer 
(C) on the uneven surface; 

[0063] (IId) a step of peeling the embedding layer (C); 

[0064] (IIId) a step of irradiating the phosphor-containing 
photosensitive resin composition layer (A) imageWisely 
With active light; 

[0065] (IVd) a step of removing an unnecessary portion 
from the phosphor-containing photosensitive resin compo 
sition layer (A) by development; and 

[0066] (Vd) a step of removing unnecessary components 
from the phosphor-containing photosensitive resin compo 
sition layer (A) by calcination. 

[0067] (14) The present invention further relates to the 
process of the above (13), Wherein the respective steps of 
(Id) to (IVd) are repeated to form a multicolor pattern 
comprising photosensitive resin composition layers each 
containing a phosphor Which emits red, green or blue light, 
and then the step of (Vd) is carried out to form a multicolor 
phosphor pattern. 

[0068] (15) The present invention further relates to the 
process of the above (13), Wherein the respective steps of 
(Id) to (Vd) are repeated to form a multicolor phosphor 
pattern Which emits red, green and blue lights. 

[0069] (16) The present invention further relates to a 
process for preparing a phosphor pattern, Which comprises: 
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[0070] (Ie) a step of pressuriZing a phosphor-containing 
photosensitive resin composition layer (A) in a state that the 
phosphor-containing photosensitive resin composition layer 
(A) is superposed on a substrate having unevenness, to 
adhere the phosphor-containing photosensitive resin com 
position layer (A) to the inner surface of a concave portion 
on the substrate having unevenness; 

[0071] (He) a step of irradiating the phosphor-containing 
photosensitive resin composition layer (A) imageWisely 
With active light; 

[0072] (IIIe) a step of removing an unnecessary portion 
from the phosphor-containing photosensitive resin compo 
sition layer (A) by development; and 

[0073] (IVe) a step of removing unnecessary components 
from the phosphor-containing photosensitive resin compo 
sition layer (A) by calcination. 

[0074] (17) The present invention further relates to the 
process of the above (16), Wherein the respective steps of 
(Ie) to (IIIe) are repeated to form a multicolor pattern 
comprising photosensitive resin composition layers each 
containing a phosphor Which emits red, green or blue light, 
and then the step of (IVe) is carried out to form a multicolor 
phosphor pattern. 

[0075] (18) The present invention further relates to the 
process of the above (16), Wherein the respective steps of 
(Ie) to (IVe) are repeated to form a multicolor phosphor 
pattern Which emits red, green and blue lights. 

[0076] (19) The present invention further relates to the 
process of the above (2) to (4), (6) to (8), (9) to (11), (13) to 
(15) or (16) to (18) and the element of the above (5) or (12), 
Wherein the phosphor-containing photosensitive resin com 
position layer (A) contains: 

[0077] (a) a ?lm property-imparting polymer; 

[0078] (b) a photopolymeriZable unsaturated compound 
having an ethylenic unsaturated group; 

[0079] (c) a photopolymeriZation initiator Which produces 
free radical by irradiation of active light; and 

[0080] (d) a phosphor. 

[0081] (20) The present invention further relates to the 
process of the above (2) to (4), (6) to (8), (9) to (11), (13) to 
(15) or (16) to (18) and the element of the above (5) or (12), 
Wherein the phosphor-containing photosensitive resin com 
position layer (A) contains: 

[0082] (e) a photopolymeriZable high molecular Weight 
binder having an ethylenic unsaturated group; 

[0083] a photopolymeriZation initiator Which produces 
free radical by irradiation of active light; and 

[0084] (g) a phosphor. 

[0085] (21) The present invention further relates to the 
process of the above (2), (3), (4), (6), (7), (8), (19) or (20) 
and the element of the above (5), Wherein the thermoplastic 
resin layer (B) contains: 

[0086] (h) a thermoplastic resin; 

[0087] a photopolymeriZable unsaturated compound 
having an ethylenic unsaturated group; and 
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[0088] a photopolymeriZation initiator Which produces 
free radical by irradiation of active light. 

[0089] (22) The present invention further relates to the 
process of the above (2), (3), (4), (6), (7), (8), (19) or (20) 
and the element of the above (5), Wherein in the step (IIIa) 
or (IIIb) of removing unnecessary portions by development, 
the phosphor-containing photosensitive resin composition 
layer (A) and the thermoplastic resin layer (B) are developed 
by using the same developing solution. 

[0090] (23) The present invention further relates to the 
process of the above (2), (3), (4), (6), (7), (8), (19), (20) or 
(21) and the element of the above (5), Wherein in the 
phosphor-containing photosensitive resin composition layer 
(A) and the thermoplastic resin layer (B) in a region Which 
is the same as the region Where unevenness is formed on the 

substrate having unevenness, the ratio (V1)/(V2) of the total 
volume (V1) of the phosphor-containing photosensitive 
resin composition layer (A) and the thermoplastic resin layer 
(B) to the volume (V2) of the space of a concave portion of 
the substrate having unevenness is in the range of 1 to 2. 

[0091] (24) The present invention further relates to the 
process of the above (9), (10), (11), (13), (14), (15), (19) or 
(20) and the element of the above (12), Wherein in the 
phosphor-containing photosensitive resin composition layer 
(A) and the embedding layer (C) in a region Which is the 
same as the region Where unevenness is formed on the 

substrate having unevenness, the ratio (V‘1)/(V‘2) of the total 
volume (V‘l) of the phosphor-containing photosensitive 
resin composition layer (A) and the embedding layer (C) to 
the volume (V‘2) of the space of a concave portion of the 
substrate having unevenness is in the range of 1 to 2. 

[0092] (25) The present invention further relates to a 
process for producing a back plate for a plasma display 
panel, Which comprises laminating the phosphor layer 
according to claim 1 on a substrate having a barrier rib for 
a plasma display panel, shifting a photosensitive layer of the 
phosphor layer on the surface of the substrate for a plasma 
display panel and carrying out eXposure in a pattern state, 
development and then calcination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0093] FIG. 1 is a schematical vieW shoWing one embodi 
ment of a substrate for PDP on Which a barrier rib is formed. 

[0094] FIG. 2 is a schematical vieW shoWing one embodi 
ment of a substrate for PDP on Which a barrier rib is formed. 

[0095] FIG. 3 is a schematical vieW shoWing one embodi 
ment of the phosphor pattern of the present invention. 

[0096] FIG. 4 is a schematical vieW shoWing the respec 
tive steps of (Ia) and (11a) in the process for preparing a 
phosphor pattern of the present invention. 

[0097] FIG. 5 is a schematical vieW shoWing the respec 
tive steps of (111a) and (IVa) in the process for preparing a 
phosphor pattern of the present invention. 

[0098] FIG. 6 is one embodiment after completion of the 
step (Ia) in the process for preparing a phosphor pattern of 
the present invention. 

[0099] FIG. 7 is one embodiment of the step (11a) in the 
process for preparing a phosphor pattern of the present 
invention. 
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[0100] FIG. 8 is one embodiment after completion of the 
step (IVa) in the process for preparing a phosphor pattern of 
the present invention. 

[0101] FIG. 9 is one embodiment after completion of the 
step (IVa) in the process for preparing a phosphor pattern of 
the present invention. 

[0102] FIG. 10 is one embodiment after completion of the 
step (IVa) in the process for preparing a phosphor pattern of 
the present invention. 

[0103] FIG. 11 is a schematical vieW shoWing a state that 
a multi-color pattern comprising phosphor-containing pho 
tosensitive resin composition layers is formed. 

[0104] FIG. 12 is a schematical vieW shoWing a state that 
a multi-color pattern comprising phosphor-containing pho 
tosensitive resin composition layers is formed. 

[0105] FIG. 13 is a schematical vieW shoWing a state that 
a multi-color phosphor pattern is formed. 

[0106] FIG. 14 is a schematical vieW of the step (Ib) in the 
process for preparing a phosphor pattern of the present 
invention. 

[0107] FIG. 15 is a schematical vieW shoWing the respec 
tive steps of (Ic) to (IVc) in the process for preparing a 
phosphor pattern of the present invention. 

[0108] FIG. 16 is one embodiment after completion of the 
step (Ic) in the process for preparing a phosphor pattern of 
the present invention. 

[0109] FIG. 17 is a schematical vieW shoWing the step (Id) 
in the process for preparing a phosphor-pattern of the present 
invention. 

[0110] FIG. 18 is a schematical vieW shoWing the step (Ie) 
in the process for preparing a phosphor pattern of the present 
invention. 

[0111] FIG. 19 is a schematical vieW shoWing the step (Ie) 
in the process for preparing a phosphor pattern of the present 
invention. 

[0112] FIG. 20 is a schematic vieW shoWing a plasma 
display panel for an alternating current. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0113] 
in detail. 

In the folloWing, the present invention is explained 

[0114] The phosphor pattern of the present invention com 
prises a substrate having unevenness and a phosphor layer 
formed on the inner surface of a concave portion of the 
substrate, Wherein When the length from the bottom of the 
concave portion to the top of a conveX portion is L (um), the 

phosphor pattern thickness ratio (X)/(y) of the thickness of the phosphor pattern formed on an uneven Wall surface at 

a position of 0.9><L from the bottom of the concave portion 
toWard the top of the conveX portion to the thickness (y) of 
the phosphor pattern formed on the uneven Wall surface at 
a position of 0.4><L from the bottom of the concave portion 
toWard the top of the conveX portion satis?es a range of 0.1 
to 1.5. 
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[0115] As the substrate having unevenness in the present 
invention, there may be mentioned, for eXample, a substrate 
for a plasma display panel (a substrate for PDP) on Which a 
barrier rib is formed. 

[0116] As the substrate for PDP, there may be mentioned, 
for eXample, a substrate such as a glass plate and a synthetic 
resin plate, Which may be subjected to surface treatment for 
transparent adhesion and on Which an electrode and a barrier 
rib are formed. 

[0117] Formation of a barrier rib is not particularly lim 
ited, and a knoWn material may be used. For eXample, a rib 
material containing silica, a thermosetting resin, a loW 
melting point glass (e.g., lead oxide) and a solvent may be 
used. 

[0118] On the substrate for PDP, in addition to an electrode 
and a barrier rib, a dielectric ?lm, an insulating ?lm, an 
auXiliary electrode and a resistor may be formed, if neces 
sary. 

[0119] A method for forming the above members on the 
substrate is not particularly limited. For eXample, an elec 
trode can be formed on the substrate by a method such as 
vapor deposition, sputtering, plating, coating and printing, 
and a barrier rib can be formed on the substrate by a method 
such as a printing method, a sand blasting method and an 
embedding method. 

[0120] FIG. 1 and FIG. 2 each shoW a schematical vieW 
of one embodiment of the substrate for PDP on Which a 
barrier rib is formed. 

[0121] The barrier rib generally has a height of 20 to 500 
pm and a Width of 20 to 200 pm. 

[0122] The shape of a discharge space surrounded With the 
barrier rib is not particularly limited and may be lattice 
shaped, striped, honeycomb-shaped, triangular or elliptical. 
In general, a lattice-shaped or striped discharge space as 
shoWn in FIG. 1 or FIG. 2 is formed. 

[0123] In FIG. 1 and FIG. 2, a barrier rib 2 is formed on 
a substrate 1. In FIG. 1, a lattice-shaped discharge space 3 
is formed, and in FIG. 2, a striped discharge space 4 is 
formed. 

[0124] The siZe of the discharge space is determined by 
the siZe and resolution of PDP. In general, in the lattice 
shaped discharge space as shoWn in FIG. 1, the longitudinal 
and lateral lengths are 50 pm to 1 mm, and in the striped 
discharge space as shoWn in FIG. 2, the interval is 30 pm to 
1 mm. 

[0125] The phosphor layer in the present invention is 
formed on the bottom of a space of the substrate having 
unevenness such as the above substrate for PDP and the Wall 
surface of the barrier rib. 

[0126] When the opening Width of the concave portion of 
such a substrate having unevenness (the opening Width of 
the barrier rib in the substrate for PDP) is a narroW opening 
Width such as 80 pm, 90 pm, 100 pm, 120 pm and 140 pm, 
it is preferred to form a phosphor layer or phosphor pattern 
described beloW by a photolithographic method described 
beloW. 

[0127] FIG. 3 shoWs a state that a phosphor layer 5 is 
formed on the uneven surface of the substrate 1 for a plasma 
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display panel (the substrate for PDP) on Which the barrier rib 
2 is formed. In FIG. 3, 6 is a concave portion bottom. 

[0128] The phosphor layer in the phosphor pattern of the 
present invention satis?es that When the length from the 
concave portion bottom 6 (the surface of-the substrate 1) to 
the top of a convex portion (the barrier rib 2) is L (pm), the 

phosphor pattern thickness ratio (x)/(y) of the thickness of the phosphor pattern formed on an uneven Wall surface 

(the Wall surface of the barrier rib 2) at a position of 0.9><L 
from the concave portion bottom 6 toWard the top of the 
convex portion to the thickness (y) of the phosphor pattern 
formed on the uneven Wall surface at a position of 0.4><L 
from the concave portion bottom 6 toWard the top of the 
convex portion is in the range of 0.1 to 1.5. If the phosphor 
pattern thickness ratio (x)/(y) is less than 0.1, When light is 
emitted as PDP, apparent luminance in visual recognition 
from a Wide angle of a ?eld of vieW is loWered. On the other 
hand, it said ratio exceeds 1.5, the utiliZation rate of visible 
light emitted by a phosphor is loWered to loWer luminance. 

[0129] When light is emitted as PDP, if importance is 
attached to the point that the utiliZation rate of visible light 
emitted by a phosphor is improved, the phosphor pattern 
thickness ratio (x)/(y) is preferably a ratio satisfying a range 
of 0.1 to less than 0.5, more preferably a ratio satisfying a 
range of 0.15 to 0.45, particularly preferably a ratio satis 
fying a range of 0.2 to 0.4. 

[0130] When light is emitted as PDP, if importance is 
attached to the point that loWering of apparent luminance in 
visual recognition from a Wide angle of a ?eld of vieW can 
be suppressed, the phosphor pattern thickness ratio (x)/(y) is 
preferably a ratio satisfying a range of 0.5 to 1.5, more 
preferably a ratio satisfying a range of 0.55 to 1.3, particu 
larly preferably a ratio satisfying a range of 0.6 to 1.2. 

[0131] As a process for forming the phosphor pattern 
(comprising a phosphor layer) of the present invention, there 
may be mentioned, for example, a process including (la) a 
step of heating and pressuriZing a thermoplastic resin layer 
(B) in a state that the layer (B) is superposed on a phosphor 
containing photosensitive resin composition layer (A) on an 
uneven surface of a substrate having unevenness, (IIa) a step 
of irradiating active light imageWisely, (IIIa) a step of 
removing unnecessary portions by development and (IVa) a 
step of removing unnecessary components by calcination. 

[0132] As the substrate having unevenness in the present 
invention, there may be used, for example, the above sub 
strate for PDP. 

[0133] The phosphor-containing photosensitive resin 
composition layer (A) in the present invention is not par 
ticularly limited so long as it is a layer containing a photo 
sensitive resin composition containing a phosphor. As a 
preferred example, there may be mentioned a layer contain 
ing (a) a ?lm property-imparting polymer, (b) a photopoly 
meriZable unsaturated compound having an ethylenic unsat 
urated group, (c) a photopolymeriZation initiator Which 
produces free radical by irradiation of active light and (d) a 
phosphor. 

[0134] As the ?lm property-imparting polymer (a) in the 
present invention, a vinyl copolymer is preferred. As a vinyl 
monomer to be used in the vinyl copolymer, there may be 
mentioned, for example, acrylic acid, methacrylic acid, 
maleic acid, fumaric acid, itaconic acid, methyl acrylate, 
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methyl methacrylate, ethyl acrylate, ethyl methacrylate, 
n-propyl acrylate, n-propyl methacrylate, iso-propyl acry 
late, iso-propyl methacrylate, n-butyl acrylate, n-butyl meth 
acrylate, iso-butyl acrylate, iso-butyl methacrylate, sec-bu 
tyl acrylate, sec-butyl methacrylate, tert-butyl acrylate, tert 
butyl methacrylate, pentyl acrylate, pentyl methacrylate, 
hexyl acrylate, hexyl methacrylate, heptyl acrylate, heptyl 
methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl methacry 
late, octyl acrylate, octyl methacrylate, nonyl acrylate, nonyl 
methacrylate, decyl acrylate, decyl methacrylate,. dodecyl 
acrylate, dodecyl methacrylate, tetradecyl acrylate, tetrade 
cyl methacrylate, hexadecyl acrylate, hexadecyl methacry 
late, octadecyl acrylate, octadecyl methacrylate, eicosyl 
acrylate, eicosyl methacrylate, docosyl acrylate, docosyl 
methacrylate, cyclopentyl acrylate, cyclopentyl methacry 
late, cyclohexyl acrylate, cyclohexyl methacrylate, cyclo 
heptyl acrylate, cycloheptyl methacrylate, benZyl acrylate, 
benZyl methacrylate, phenyl acrylate, phenyl methacrylate, 
methoxyethyl acrylate, methoxyethyl methacrylate, diethyl 
ene glycol methoxy acrylate, diethylene glycol methoxy 
methacrylate, dipropylene glycol methoxy acrylate, dipro 
pylene glycol methoxy methacrylate, triethylene glycol 
methoxy acrylate, triethylene glycol methoxy methacrylate, 
2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, dim 
ethylaminoethyl acrylate, dimethylaminoethyl methacrylate, 
diethylaminoethyl acrylate, diethylaminoethyl methacrylate, 
dimethylaminopropyl acrylate, dimethylaminopropyl meth 
acrylate, 2-chloroethyl acrylate, 2-chloroethyl methacrylate, 
2-?uoroethyl acrylate. 2-?uoroethyl methacrylate, 2-cyano 
ethyl acrylate, 2-cyanoethyl methacrylate, styrene, a-meth 
ylstyrene, vinyltoluene, vinyl chloride, vinyl acetate, N-vi 
nyl pyrrolidone, butadiene, isoprene, chloroprene, 
acrylamide, methacrylamide, acrylonitrile and methacry 
lonitrile. These monomers are used singly or in combination 
of tWo or more of them. 

[0135] As the above ?lm property-imparting polymer (a), 
there may be used a polyvinyl alcohol type resin (e.g., a 
hydrolyZate of polyacrylate or polymethacrylate, a hydro 
lyZate of polyvinyl acetate, a hydrolyZate of a copolymer of 
ethylene and vinyl acetate, a hydrolyZate of a copolymer of 
ethylene and acrylate, a hydrolyZate of a copolymer of vinyl 
chloride and vinyl acetate, a hydrolyZate of a copolymer of 
styrene and acrylate or methacrylate and a hydrolyZate of a 
copolymer of vinyltoluene and acrylate- or methacrylate), a 
Water-soluble salt of carboxyalkyl cellulose, Water-soluble 
cellulose ethers such as hydroxypropyleneoxy cellulose 
ether, a Water-soluble cellulose such as hydroxypropyloxy 
cellulose, a Water-soluble salt of carboxyalkyl starch and 
polyvinyl pyrrolidone. 

[0136] The Weight average molecular Weight (a value 
obtained by carrying out measurement by gel permeation 
chromatography and calculated on standard polystyrene) of 
the ?lm property-imparting polymer (a) in the present inven 
tion is preferably 5,000 to 300,000, more preferably 20,000 
to 150,000. If the Weight average molecular Weight is less 
than 5,000, ?lm-forming property and ?exibility tend to be 
loWered When a photosensitive element is prepared, While if 
it exceeds 300,000, developability (property that an unnec 
essary portion can be easily removed by development) tends 
to be loWered. 

[0137] In order that the phosphor-containing photosensi 
tive resin composition layer (A) can be developed by knoWn 
various developing solutions, the carboxyl group content 
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(Which can be regulated by an acid value (mgKOH/g)) of the 
?lm property-imparting polymer (a) can be adjusted suit 
ably. For example, When development is carried out by using 
an alkaline aqueous solution of sodium carbonate, potassium 
carbonate or the like, the acid value is preferably 90 to 260. 
If the acid value is less than 90, development tends to be 
difficult, While if it eXceeds 260, developing solution resis 
tance (property that a portion Which remains Without being 
removed by development and becomes a pattern is not 
corroded by a developing solution) tends to be loWered. 

[0138] When development is carried out by using an 
aqueous developing solution comprising Water or an alkaline 
aqueous solution and at least one organic solvent, the acid 
value is preferably 16 to 260. If the acid value is less than 
16, development tends to be difficult, While if it eXceeds 260, 
developing solution resistance tends to be loWered. 

[0139] Further, When development is carried out by using 
a developing solution (an emulsion developing solution) 
comprising Water and at least one organic solvent Which is 
not dissolved in Water and When an organic solvent devel 
oping solution such as 1,1,1-trichloroethane is used, no 
carboXyl group may be contained. 

[0140] As the photopolymeriZable unsaturated compound 
(b) having an ethylenic unsaturated group in the present 
invention, there may be used all compounds Which have 
been conventionally knoWn as a photopolymeriZable poly 
functional monomer. 

[0141] For example, there may be mentioned a compound 
represented by the folloWing formula (I): 

(I) 
R 

O 

[0142] Wherein R represents a hydrogen atom or a methyl 
group, k represents an integer of 1 to 10, and Y represents 
a saturated or unsaturated hydrocarbon residue or heterocy 
clic residue Which may have a substituent(s), or a polyalky 

[0143] Wherein R1 represents a hydrogen atom, a methyl 
group, an ethyl group, a propyl group or a tri-?uoromethyl 
group, and m and n each independently represent an integer 
of 1 to 20. 

[0144] In the formula (I), as the saturated or unsaturated 
hydrocarbon residue or heterocyclic residue Which may have 
a substituent(s) represented by Y, there may be mentioned, 
for eXample, a straight, branched or alicyclic alkane residue 
having 1 to 22 carbon atoms, Which may have a substitu 
ent(s) such as a halogen atom, a hydroXyl group, an amino 
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group and a carboXyl group (e.g., a methane residue, an 
ethane residue, a propane residue, a cyclopropane residue, a 
butane residue, an isobutane residue, a cyclobutane residue, 
a pentane residue, an isopentane residue, a neopentane 
residue, a cyclopentane residue, a heXane residue, a cyclo 
heXane residue, a haptane residue, a cycloheptane residue, 
an octane residue, a nonane residue and a decane residue), 
an aromatic cyclic residue (e.g., a benZene residue, a naph 
thalene residue, an anthracene residue, a biphenyl residue 
and a terphenyl residue) and a heterocyclic residue (e.g., a 
furan residue, a thiophene residue, a pyrrole residue, an 
oXaZole residue, a thiaZole residue, an imidaZole residue, a 
pyridine residue, a pyrimidine residue, a pyraZine residue, a 
triaZine residue, a quinoline residue and a quinoXaline 
residue). 
[0145] Speci?cally, as a monomer having one unsaturated 
bond, there may be mentioned, for eXample, an ester type 
monomer of acrylic acid or methacrylic acid (e.g., methyl 
acrylate, methyl methacrylate, ethyl acrylate, ethyl meth 
acrylate, n-propyl acrylate, n-propyl methacrylate, iso-pro 
pyl acrylate, iso-propyl methacrylate, n-butyl acrylate, n-bu 
tyl methacrylate, iso-butyl acrylate, iso-butyl methacrylate, 
sec-butyl acrylate, sec-butyl methacrylate, tert-butyl acry 
late, tert-butyl methacrylate, pentyl acrylate, pentyl meth 
acrylate, heXyl acrylate, heXyl methacrylate, heptyl acrylate, 
heptyl methacrylate, 2-ethylheXyl acrylate, 2-ethylheXyl 
methacrylate, octyl acrylate, octyl methacrylate, nonyl acry 
late, nonyl methacrylate, decyl acrylate, decyl methacrylate, 
dodecyl acrylate, dodecyl methacrylate, tetradecyl acrylate, 
tetradecyl methacrylate, heXadecyl acrylate, heXadecyl 
methacrylate, octadecyl acrylate, octadecyl methacrylate, 
eicosyl acrylate, eicosyl methacrylate, docosyl acrylate, 
docosyl methacrylate, cyclopentyl acrylate, cyclopentyl 
methacrylate, cycloheXyl acrylate, cycloheXyl methacrylate, 
cycloheptyl acrylate, cycloheptyl methacrylate, benZyl acry 
late, benZyl methacrylate, phenyl acrylate, phenyl methacry 
late, methoXyethyl acrylate, methoXyethyl methacrylate, 
dimethylaminoethyl acrylate, dimethylaminoethyl meth 
acrylate, dimethylaminopropyl acrylate, dimethylaminopro 
pyl methacrylate, 2-chloroethyl acrylate, 2-chloroethyl 
methacrylate, 2-?uoroethyl acrylate, 2-?uoroethyl meth 
acrylate, 2-cyanoethyl acrylate, 2-cyanoethyl methacrylate, 
diethylene glycol methoXy acrylate, diethylene glycol meth 
oXy methacrylate, dipropylene glycol methoXy acrylate, 
dipropylene glycol methoXy methacrylate, triethylene glycol 
methoXy acrylate and triethylene glycol methoXy methacry 
late), a styrene type monomer (e.g., styrene, a-methylstyrene 
and p-t-butylstyrene), a polyole?n type monomer (e.g., 
butadiene, isoprene and chloroprene), a vinyl type monomer 
(e.g., vinyl chloride and vinyl acetate), a nitrile type mono 
mer (e.g., acrylonitrile and methacrylonitrile) and 1-(meth 
acryloyloXyethoXycarbonyl) -2-(3‘-chloro-2‘-hydroXypro 
poXycarbonyl)-benZene. 
[0146] As a monomer having tWo unsaturated bonds, there 
may be mentioned, for eXample, ethylene glycol diacrylate, 
ethylene glycol dimethacrylate, diethylene glycol diacrylate, 
diethylene glycol dimethacrylate, triethylene glycol diacry 
late, triethylene glycol dimethacrylate, tetraethylene glycol 
diacrylate, tetraethylene glycol dimethacrylate, polyethyl 
ene glycol diacrylate, polyethylene glycol dimethacrylate, 
heXapropylene glycol diacrylate, heXapropylene glycol 
dimethacrylate, polypropylene glycol diacrylate, polypropy 
lene glycol dimethacrylate, butylene glycol di-acrylate, 
butylene glycol dimethacrylate, neopentyl glycol diacrylate, 
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neopentyl glycol dimethacrylate, 1,3-butanediol diacrylate, 
1,3-butanediol dimethacrylate, 1,4-butanediol diacrylate, 
1,4-butanediol dimethacrylate, 1,5-pentanediol diacrylate, 
1,5-pentanediol dimethacrylate, 1,6-heXanediol diacrylate, 
1,6-heXanediol dimethacrylate, pentaerythritol diacrylate, 
pentaerythritol dimethacrylate, trimethylol-propane diacry 
late, trimethylolpropane dimethacrylate, bisphenol A diacry 
late, bisphenol A dimethacrylate, 2,2-bis(4-acryloXyethoX 
yphenyl)propane, 2,2-bis(4-methacryl 
oXyethoXyphenyl)propane, 2,2-bis(4 
acryloXydiethoXyphenyl)-propane, 2,2-bis(4 
methacryloXydiethoXyphenyl)propane, 2,2-bis(4 
acryloXypolyethoXyphenyl)propane, 2,2-bis(4-meth 
acryloXypolyethoXyphenyl)propane (in the formula (I), Y is 

CH3 

CH3 
\ 
\ 
\ 

[0147] Wherein m and n each independently represent an 
integer of 1 to 20), bisphenol A diglycidyl ether diacrylate, 
bis-phenol A diglycidyl ether dimethacrylate and a urethane 
diacrylate compound. 

[0148] As a monomer having three unsaturated bonds, 
there may be mentioned, for example, trimethylolpropane 
triacrylate, trimethylolpropane trimethacrylate, pentaeryth 
ritol tri-acrylate, pentaerythritol trimethacrylate, ethylene 
oxide-modi?ed trimethylolpropane triacrylate, ethylene 
oxide-modi?ed trimethylolpropane trimethacrylate, trim 
ethylol-propane triglycidyl ether triacrylate and trimethylol 
propane triglycidyl ether trimethacrylate. 

[0149] As a monomer having four unsaturated bonds, 
there may be mentioned, for example, tetramethylolpropane 
tetraacrylate, tetramethylolpropane tetramethacrylate, pen 
taerythritol tetraacrylate and pentaerythritol tetramethacry 
late. 

[0150] As a monomer having ?ve unsaturated bonds, there 
may be mentioned, for eXample, dipentaerythritol pen 
taacrylate and dipentaerythritol pentamethacrylate. 

[0151] As a monomer having siX unsaturated bonds, there 
may be mentioned, for eXample, dipentaerythritol heXaacry 
late and dipentaerythritol heXamethacrylate. 

[0152] Any of these monomers having an unsaturated 
bond(s) may be used so long as radical polymeriZation can 
be effected by irradiation of light, and these monomers 
having an unsaturated bond(s) are used singly or in combi 
nation of tWo or more of them. 

[0153] It is necessary to remove unnecessary components 
of the phosphor-containing photosensitive resin composition 
layer (A) in the present invention by calcination When a 
phosphor pattern is prepared so that among the above 
photopolymeriZable unsaturated compounds (b) having an 
ethylenic unsaturated group, preferred are polyethylene gly 
col dimethacrylate, polyethylene glycol diacrylate, polypro 
pylene glycol dimethacrylate and polypropylene glycol dia 
crylate each having have good thermal decomposition 
property. 
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[0154] When a photosensitive element described beloW is 
prepared by using the phosphor-containing photosensitive 
resin composition layer (A) and from the point that storage 
stability after embedding in the space of the substrate for 
PDP described beloW (property that the photopolymeriZable 
unsaturated compound (b) having an ethylenic unsaturated 
group in the phosphor-containing photosensitive resin com 
position layer (A) is migrated into the thermoplastic resin 
layer (B) described beloW is suppressed) can be improved 
and the point that at the time of heating under reduced 
pressure When the phosphor-containing photosensitive resin 
composition layer (A) is embedded in the space of the 
substrate for PDP described beloW, evaporation of the pho 
topolymeriZable unsaturated compound (b) having an eth 
ylenic unsaturated group in the phosphor-containing photo 
sensitive resin composition layer (A) can be suppressed, the 
Weight average molecular Weight of the photopolymeriZable 
unsaturated compound (b) having an ethylenic unsaturated 
group is preferably 400 or more, more preferably 500 or 
more, particularly preferably 600 or more. The boiling point 
(760 m Hg, a found value or a calculated value) of the 
photopolymeriZable unsaturated compound (b) having an 
ethylenic unsaturated group is not particularly limited so 
long as it is 300° C. or higher. HoWever, from the points of 
stability and operatability When heating is carried out under 
reduced pressure, the boiling point (760 mmHg) is prefer 
ably 350° C. or higher, more preferably 400° C. or higher. 

[0155] The photopolymeriZable unsaturated.compound 
(b) having an ethylenic unsaturated group, having a Weight 
average molecular Weight of 400 or more or the photopo 
lymeriZable unsaturated compound (b) having an ethylenic 
unsaturated group, having a boiling point (760 mmHg) of 
300° C. or higher may be selected from, for eXample, 
photopolymeriZable unsaturated compounds shoWn beloW. 

[0156] As a monomer having one unsaturated bond, there 
may be mentioned, for eXample, an ester type monomer of 
acrylic acid or methacrylic acid (polyethylene glycol acry 
late (the number of ethylene oXides is 9 to 50), polyethylene 
glycol methacrylate (the number of ethylene oXides is 9 to 
50), methoXypolyethylene glycol acrylate (the number of 
ethylene oXides is 9 to 50), methoXypolyethylene glycol 
methacrylate (the number of ethylene oXides is 9 to 50), 
methoXypolypropylene glycol acrylate (the number of pro 
pylene oXides is 7 to 40), methoXypolypropylene glycol 
methacrylate (the number of propylene oXides is 7 to 40) or 
the like), a styrene type monomer, a polyole?n type mono 
mer, a vinyl type monomer and a nitrile type monomer. 

[0157] As a monomer having tWo unsaturated bonds, there 
may be mentioned, for eXample, polyethylene glycol dia 
crylate (the number of ethylene oXides is 9 to 50), polyeth 
ylene glycol dimethacrylate (the number of ethylene oXides 
is 9 to 50), heXapropylene glycol diacrylate, heXapropylene 
glycol dimethacrylate, polypropylene glycol diacrylate (the 
number of propylene oXides is 7 to 40), polypropylene 
glycol dimethacrylate (the number of propylene oXides is 7 
to 40), polyethylene glycol polypropylene glycol diacrylate 
(the total number of ethylene oXides and propylene oXides is 
7 to 50), polyethylene glycol polypropylene glycol 
dimethacrylate (the total number of ethylene oXides and 
propylene oXides is 7 to 50), 2,2-bis(4-acryloXydiethoX 
yphenyl)-propane, 2,2-bis(4-methacryloXydiethoXyphenyl 
)propane, 2,2-bis(4-acryloXypolyethoXyphenyl)propane, 
2,2-bis(4-methacryloXypolyethoXyphenyl)propane (in the 




































































































