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(57) ABSTRACT 

A laminate Which can easily attain safety standards such as 
impact resistance, While cost reduction is aimed for, for 
example, When the laminate is provided on a display vieW 
ing surface, and a display apparatus using this laminate are 
provided. By using a ?lter for a display having a speci?ed 
parameter and a speci?ed thickness, the impact resistance is 
enhanced. By using the ?lter for the display containing a 
transparent adhesive layer having a speci?ed Young’s modu 
lus and a speci?ed thickness, the impact resistance is 
enhanced. By using the ?lter for the display containing a 
transparent resin layer having a speci?ed Young’s modulus 
and a speci?ed thickness, the impact resistance is enhanced. 
By using the ?lter for the display containing an impact 
absorption layer having a speci?ed penetration and a speci 
?ed thickness, the impact resistance is enhanced. 
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LAMINATE AND DISPLAY APPARATUS USING 
THE SAME 

TECHNICAL FIELD 

[0001] The present invention relates to a laminate capable 
of imparting functions such as mechanical strength enhance 
ment, protection against breakage, shielding of electromag 
netic Waves, shielding of near-infrared rays, color tone 
change and the like, When the laminate is disposed on a 
display screen such as a plasma display (PDP), a cathode-ray 
tube (CRT), a liquid crystal display (LCD), an organic EL 
display (OELD), and a ?eld emission display, and to a 
display apparatus using the laminate. 

BACKGROUND ART 

[0002] In recent years, With the rapid development of the 
society, a photoelectronic-related component and equipment 
have remarkably been progressed. Among other things, a 
display Which represents an image has spread Wide for use 
not only in a television set, but also in a monitor device for 
a computer and information terminal device. While in such 
spreading, a requirement for a larger siZe and a smaller 
thickness of the display, or for a smaller siZe and a lighter 
Weight thereof for the purpose of a portable application is 
ever increasing in the market. 

[0003] When an effort to increase the siZe of the display 
and, for the purpose of the portable application, doWnsiZe 
thereof is made, a safety problem comes up. 

[0004] A vieWing surface of the display is ordinarily made 
of a glass plate. As a surface area of the glass plate becomes 
larger, the glass plate becomes more liable to be subjected to 
external impact and, then, broken. Further, as an opportunity 
of taking the display out for carrying it outside is increased 
more, an opportunity for the display to be subjected to the 
external impact is increased more and the display becomes 
liable to be broken. 

[0005] The safety for the display against the external 
impact is controlled, as described beloW, by Japan Electrical 
Appliance and Material Control LaW. 

[0006] For example, in regard to protection for a cathode 
ray tube, an appliance provided With the cathode-ray tube in 
Which a nominal siZe of a diameter of a maximum portion 
(in a case of a rectangular shape, length of a diagonal line) 
is more than 160 mm is controlled as folloWs: in a state in 
Which the cathode-ray tube is appropriately ?tted on a 
cabinet, When a steel ball having a diameter of 50 mm and 
a Weight of 500 g is dropped from a height of 1,400 mm on 
a front surface of the cathode-ray tube in a manner of a 
sWinging pendulum, the cathode-ray tube is required to 
comply With the folloWing standards: (1) When a protective 
plate is made of bonded glass or a synthetic resin, fragments 
thereof Will not be scattered in front; (2) When the protective 
plate is made of tempered glass, any abnormalities such as 
a crack, breakage and the like Will not be generated; and (3) 
When the cathode-ray tube is not provided With the protec 
tive plate, fragments thereof Will not be scattered in front. 

[0007] In regard to mechanical strength of the cathode-ray 
tube, in an appliance provided With the cathode-ray tube in 
Which a nominal siZe of a diameter of a largest portion (in 
case of a rectangular shape, a diagonal line length) is more 
than 160 mm, When the cathode-ray tube (in case of having 
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a protective plate, inclusive of the protective plate) is broken 
by a mechanical method or a thermal shock method, Weight 
of fragments of broken glass scattered in a space provided 
betWeen barriers Which are placed at a distance of 900 mm 
and at a distance of 1,500 mm respectively in front of the 
cathode-ray tube is 15 g or less for a single piece and 45 g 
or less for total fragments and, further, any piece having a 
Weight of more than 1 g Will not ?y over the barrier placed 
at a distance of 1,500 mm in front of the cathode-ray tube. 

[0008] A more speci?c method of application of mechani 
cal strength can be found, for example, in UL (UnderWriters 
Laboratories Inc.) speci?cations. Take, for example, a case 
of drop test. In this test, a display element is dropped on a 
plate from a height of 750 mm. The plate is made of 
hardWood and has a thickness of 20 mm. TWo plates each 
having a thickness of 20 mm are folded With each other and, 
then, the resultant laminated plate is placed on concrete and, 
thereafter, the plate is placed on the laminated plate. 

[0009] As a display Which can realiZe an enlargement of a 
siZe and also decrease in thickness, in addition to a conven 
tional liquid crystal display (LCD), a plasma display panel 
(PDP) has recently attracted people’s attention and is 
expected to be a large-siZed display of the next generation. 

[0010] As for the PDP, an optical ?lter is ordinarily 
provided on a vieWing surface thereof. This optical ?lter is 
used for the purpose of shielding an electromagnetic Wave 
and a near-infrared ray emitted from a PDP main body. 
Further, there are may cases in Which the optical ?lter 
concurrently has a function to change a luminescent color 
into that having a favorable color tone. 

[0011] The optical ?lter is prepared by imparting a trans 
parent support Which comprises a glass plate or a resin plate 
With a function. Since, in a conventional PDP, a transparent 
supporting substrate of the optical ?lter has a function as a 
front protective plate, the conventional PDP can easily attain 
safety standards de?ned by Japan Electrical Appliance and 
Material Control LaW. 

[0012] HoWever, it is necessary to substantially decrease a 
production cost in order to alloW the PDP to be populariZed 
in the market. A cost reduction of the optical ?lter thereof is 
also required Whereupon a material cost and a production 
cost by a sheet-feeding method of the transparent supporting 
substrate are items to be revieWed. 

[0013] On the other hand, in the liquid crystal display 
(LCD), the vieWing surface thereof is ordinarily provided 
With a polarizing plate, a phase difference plate, a ?lm 
having an anti-re?ection function and the like. Since these 
articles substantially have a function of protecting the dis 
play, the conventional LCD easily attains safety standards 
de?ned by Japan Electrical Appliance and Material Control 
LaW. 

[0014] Ordinarily the siZe of the screen of the LCD is up 
to 20 inches, but, since there is a rapidly expanding require 
ment in the market for a larger display, an e?fort for further 
enlargement of the LCD has been made. HoWever, as the 
siZe of glass Which becomes a substrate is larger, the glass 
is more liable to be broken Whereupon it is dif?cult for a 
display having such a larger siZe of glass to satisfy the safety 
standards de?ned by Japan Electrical Appliance and Mate 
rial Control LaW by a conventional technique. 
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[0015] The LCD for the application of a small-sized 
portable terminal is expected to be frequently carried around 
Whereupon there are many opportunities in Which the LCD 
receives external impact, for example, by being dropped, hit 
or the like. In such opportunities, although the LCD has 
resistance against impact to a certain extent by the help of 
protective functions Which are possessed by the polarizing 
plate and an anti-re?ection functional ?lm provided on the 
vieWing surface, such resistance is not suf?cient. In fact, a 
majority of complaints Which portable terminal manufactur 
ers receive from portable terminal users are attributable to a 
phenomenon that the LCD is broken. 

[0016] Also in regard to an organic EL display (OELD) 
and a ?eld emission display (FED), as the sizes thereof 
become larger, glass substrates thereof are more liable to be 
broken in the same manner as in the LCD Whereupon it also 
becomes di?icult for these displays to comply With the 
safety standards de?ned by Japan Electrical Appliance and 
Material Control LaW. Also for the application of the small 
sized portable terminal, damage and breakage to be caused 
by the impact become a problem. Particularly in cases of 
OELD and FED, since these displays have neither the 
polarizing plate nor the phase difference plate Which the 
LCD has, that is, have a smaller number of substantial 
protective members than the LCD Whereupon these displays 
are more liable to be broken than the LCD. 

[0017] It is an object of the invention to provide a laminate 
Which can easily attain safety standards for, e.g., impact 
resistance and the like, for example, When the laminate is 
provided on a vieWing surface of a display While aiming for 
a cost reduction, and a display apparatus using the laminate. 

DISCLOSURE OF INVENTION 

[0018] As a result of intensive studies conducted by the 
inventors of the invention in order to solve the problems, the 
inventors have found that a laminate in Which a parameter 
determined by a speci?ed impact test is in a speci?ed range 
and, further, a laminate, comprising a transparent adhesive 
layer, a transparent resin layer and, optionally, an impact 
absorption layer, Which satis?es at least one of the folloWing 
requirements: 

[0019] Young’s modulus of the transparent adhesive layer 
is in a speci?ed range; 

[0020] Young’ s modulus of the transparent resin layer is in 
a speci?ed range; 

[0021] penetration of the impact absorption layer is in a 
speci?ed range; and 

[0022] the transparent resin layer and/or the impact 
absorption layer comprises 2 or more layers in total and 
JIS-A hardness thereof satis?es a relation in a speci?ed 
manner can solve the problem in the invention. The inven 
tion has been completed on the basis of this ?nding. 

[0023] Namely, problems of the invention can be solved 
by inventions speci?ed by aspects described beloW. 

[0024] The invention relates to a laminate comprising at 
least a transparent adhesive layer and a transparent resin 
layer and having a thickness of 3.5 mm or less, Wherein the 
folloWing relation is satis?ed: 
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in Which T (us) represents a period of time during from 
generation of impact stress to an appearance of a ?rst peak 
and F (kN) represents impact stress at the time of the ?rst 
peak in a stress-time curve at a ball drop impact test in Which 
a steel ball having a Weight in a range of from 530 g to 550 
g is dropped from a height of 10 cm. 

[0025] The invention is characterized in that the laminate 
further comprises an impact absorption layer. 

[0026] The invention relates to a laminate comprising one 
or more transparent adhesive layers and one or more trans 

parent resin layers, Wherein at least one of the folloWing 
requirements is satis?ed: 

[0027] (I) Young’s modulus and thickness of at least one 
of the one or more transparent adhesive layers are from 
1><10 to 1><106 Pa and from 10 to 500 pm, respectively; 

[0028] (II) Young’s modulus and thickness of at least one 
of the one or more transparent resin layers are from 1><103 
to 1><108 Pa and from 10 to 3,000 pm, respectively; 

[0029] (III) the laminate comprises impact absorption lay 
ers, of Which at least one has a penetration of from 50 to 200; 
and 

[0030] (IV) the laminate comprises at least tWo layers in 
total of the one or more transparent resin layers and/or 
impact absorption layers, of Which tWo layers are in a 
relation that a ratio of JIS-A hardness therebetWeen is 1.1 or 
more. 

[0031] The invention is characterized in that the one or 
more transparent adhesive layers comprise an acrylic resin 
or a silicone resin as a main component. 

[0032] The invention is characterized in that the one or 
more transparent adhesive layers comprise at least one 
selected from a polyester resin, a polypropylene resin, an 
ethylene vinyl acetate copolymer, polyethylene, polysty 
rene, polyurethane, and an elastomer having transparency. 

[0033] The invention is characterized in that the impact 
absorption layers comprise a silicone type gel. 

[0034] The invention is characterized in that each of the 
one or more transparent resin layers and the impact absorp 
tion layers has a JIS-A hardness of from 0 to 98. 

[0035] The invention is characterized in that at least one of 
the one or more transparent resin layers comprises a trans 
parent electrically conductive layer or metallic mesh layer 
having a surface resistance of from 0.01 to 30 Q/square. 

[0036] The invention is characterized in that at least one of 
the one or more transparent resin layers has at least one 
function selected from an anti-re?ection function, an anti 
glare function, an anti-fouling function, an antistatic func 
tion, a polarizing function and phase difference forming 
function. 

[0037] The invention is characterized in that the one or 
more transparent resin layers have a ?ltering function of 
?ltering at least one region selected from Whole region, 
near-infrared region and visible light region of electromag 
netic Waves. 

[0038] The invention relates to a display apparatus com 
prising a display vieWing surface having the above-men 
tioned laminate mounted thereon. 
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BRIEF DESCRIPTION OF DRAWINGS 

[0039] Other and further objects, features, and advantages 
of the invention Will be more explicit from the following 
detailed description taken With reference to the drawings 
Wherein: 

[0040] FIG. 1 is a cross-sectional vieW illustrating an 
example of a transparent electrically conductive ?lm; 

[0041] FIG. 2 is a cross-sectional vieW illustrating an 
example of a state When a laminate according to the inven 
tion is provided on a PDP; 

[0042] FIG. 3 is a cross-sectional vieW illustrating another 
example of a state When a laminate according to the inven 
tion is provided on a PDP; 

[0043] FIG. 4 is a cross-sectional vieW illustrating an 
example of a state When a laminate according to the inven 
tion is provided on an OELD; 

[0044] FIG. 5 is a cross-sectional vieW illustrating still 
another example of a state When a laminate according to the 
invention is provided on a PDP; 

[0045] FIG. 6 is a cross-sectional vieW illustrating still 
another example of a state When a laminate according to the 
invention is provided on a PDP; 

[0046] FIG. 7 is a cross-sectional vieW illustrating another 
example of a state When a laminate according to the inven 
tion is provided on an OELD; 

[0047] FIG. 8 is a cross-sectional vieW illustrating still 
another example of a state When a laminate according to the 
invention is provided on a PDP; 

[0048] FIG. 9 is a cross-sectional vieW illustrating still 
another example of a state When a laminate according to the 
invention is provided on a PDP; 

[0049] FIG. 10 is a cross-sectional vieW illustrating still 
another example of a state When a laminate according to the 
invention is provided on a PDP; and 

[0050] FIG. 11 is a cross-sectional vieW illustrating still 
another example of a state When a laminate according to the 
invention is provided on an OELD. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0051] A laminate and a display apparatus using the lami 
nate according to preferred embodiments of the invention 
Will noW be described With reference to accompanying 
draWings. 

[0052] A ?rst laminate according to the invention, com 
prising a transparent adhesive layer, a transparent resin layer 
and, optionally, an impact absorption layer, can be evaluated 
by a ball drop impact test in Which a steel ball having a 
Weight in a range of from 530 g to 550 g is dropped from a 
height of 10 cm. A ?lter for a display according to the 
invention satis?es the folloWing relation betWeen the time, 
T (us), from a generation of impact stress to a ?rst peak and 
impact stress, F (kN), at the time of the ?rst peak in a 
stress-time curve obtained by the impact test: 

[0053] Such an evaluation is performed such that a com 
pression type load cell (rated capacity: 20 kN; rated output: 
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1160*10'6 strain) (LC-20KNG702; available from Nikkei 
Electronic Instruments Co., Ltd.) is ?xed on a hard stable 
horiZontal plane of a stone table or the like and, then, a 
sample ?lm of a 5-cm square is ?xed on a center portion of 
the load cell and, thereafter, a steel ball having a Weight of 
from 530 g to 550 g is dropped on the sample ?lm from a 
height of 10 cm at room temperature. On this occasion, 
stress and time are measured by using the load cell, a 
dynamic strain meter (AS2102; available from NEC San-ei 
Instruments, Ltd.), a high-speed DC ampli?er (APll-l03; 
available from NEC San-ei Instruments, Ltd.) and a thermal 
dot recorder (RA1200; available from NEC San-ei Instru 
ments, Ltd.) after they are connected With one another. 

[0054] Although a decrease of the impact stress is ordi 
narily considered to be a large factor for increasing the 
impact resistance, a value of the “T/F” Which takes into 
consideration not only the stress but also a generation time 
of the impact is an important parameter for evaluating the 
impact resistance. 

[0055] Such an impact resistance parameter “T/F” value 
according to the invention is 200 or more, preferably 230 or 
more and more preferably 250 or more. 

[0056] In a case in Which the “T/F” value is less than 200, 
When the laminate is provided on a display member such as 
a PDP panel or the like to be described beloW, possibility of 
breakage of the member is increased Whereupon the case is 
sometimes not favorable in actual use. Further, the laminate 
Which satis?es these conditions has a remarkably high 
impact resistance and also complies With the Japan Electri 
cal Appliance and Material Control LaW and UL speci?ca 
tions. 

[0057] A second laminate according to the invention, 
comprising a transparent adhesive layer, a transparent resin 
layer and, optionally, an impact absorption layer, satis?es at 
least one of the folloWing requirements: 

[0058] (I) Young’s modulus and thickness of at least one 
layer of the transparent adhesive layer are from l><l02 Pa to 
l><l06 Pa and from 10 to 500 um, respectively; 

[0059] (II) Young’s modulus and thickness of at least one 
layersof the transparent resin layer are from l><l03 Pa to 
1x10 Pa and from 10 to 3,000 um, respectively; 

[0060] (III) penetration of at least one layer of the impact 
absorption layer is from 50 to 200; and 

[0061] (IV) the transparent resin layer and/or the impact 
absorption layer comprises 2 or more layers and a ratio of 
JIS-A hardness therebetWeen is 1.1 or more. 

[0062] Respective layers of the ?rst and second laminates 
according to the invention Will noW be described in detail. 

(Transparent Adhesive Layer) 

[0063] Young’s modulus of a transparent adhesive layer is 
preferably from l><l02 to l><l06 Pa While thickness thereof is 
preferably from 10 to 500 pm. 

[0064] Since the transparent adhesive layer has a loW 
elasticity, When impact is added to a display element, the 
impact to glass of a vieWing surface can be alleviated to 
prevent broken glass from being scattered. 

[0065] In order for the transparent adhesive layer to absorb 
an external impact and prevent the impact from being 
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transferred to the vieWing surface, it is considered su?icient 
that the transparent adhesive layer changes the shape thereof 
in accordance With the external stress to alleviate and, 
accordingly, cancel the impact. For this reason, it is consid 
ered su?icient that elasticity of the transparent adhesive 
layer is alloWed to be as loW as possible. 

[0066] Further, in order to prevent the broken glass from 
being scattered, it is considered su?icient that glass frag 
ments does not exceed adhesive strength Which is held 
against the transparent adhesive layer such that the glass Will 
not ?y out. For this reason, it is considered su?icient that the 
adhesive itself changes the shape thereof, absorbs impetus 
for ?ying out of the glass fragments and cancels the impetus. 
From this point, it is considered su?icient that the elasticity 
of the transparent adhesive layer is alloWed to be as loW as 
possible. 

[0067] The elasticity of the transparent adhesive layer is 
preferably in a range of from l><l02 to l><l06 Pa, more 
preferably in a range of from l><l02 to l><l05 Pa and still 
more preferably in a range of from l><l02 to l><l04 Pa in 
terms of Young’s modulus. 

[0068] In a case in Which the Young’s modulus of the 
transparent adhesive layer is unduly large, that is, more than 
l><l06 Pa, When impact is added on the display element from 
a vieWing surface side or mechanical strength is added on a 
Whole display element, the impact can not fully be absorbed 
by the transparent adhesive layer Whereupon the substrate 
glass of the vieWing surface becomes liable to be broken or 
scattered. 

[0069] On the other hand, in a case in Which the Young’s 
modulus of the transparent adhesive layer is unduly small, 
that is, less than l><l02 Pa, the transparent adhesive layer 
itself becomes liable to be broken Whereupon it becomes 
di?icult to prevent broken glass from being scattered. 

[0070] It is preferable that the transparent adhesive layer 
according to the invention is as transparent as possible. The 
term “transparent” as used herein is intended to mean that, 
When the thickness thereof is 100 um, luminous average 
transmittance of visible light is 50% or more. 

[0071] Materials Which are capable of being used as the 
transparent adhesive layer are not particularly limited, so 
long as the materials satisfy such conditions as described 
above. Speci?c examples thereof include rubber type adhe 
sives, acrylic adhesives, silicone type adhesives, vinyl type 
adhesives and the like. Among these adhesives, since the 
acrylic adhesives and the silicone type adhesives use a 
material having a loW elasticity as a starting material, they 
easily manufacture a layer having a loW Young’s modulus 
Which characterizes the invention and, further, have a high 
transparency Whereupon the acrylic adhesives and the sili 
cone type adhesives are favorably used. 

(Thickness of Transparent Adhesive Layer) 

[0072] Thickness of a transparent adhesive layer accord 
ing to the invention is preferably in a range of from 10 to 500 
pm, more preferably in a range of from 50 to 500 um and still 
more preferably in a range of from 100 to 500 um. When the 
thickness is unduly large, that is, larger than 500 um, 
transparency thereof is lost. When the thickness is unduly 
small, that is, less than 10 pm, a function to absorb the 
impact can not fully be exerted. 
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(Acrylic Adhesive) 
[0073] Since an acrylic adhesive is loW in price, it is 
Widely used. Since the acrylic adhesive uses an acrylic 
polymer as a main starting material, the acrylic adhesive can 
be obtained by subjecting any one of monomers Which are 
basic components to solution polymerization. 

[0074] The solution polymerization is performed by ordi 
narily polymerizing an acrylic monomer in an organic 
solvent such as esters, aromatic hydrocarbons, or ketones 
using a peroxide or an azo type catalyst. The solvent, the 
concentration of the monomer composition and the like are 
determined depending on a ?nal application or a perfor 
mance to be required. 

[0075] The acrylic adhesives are roughly divided into a 
non-cross-linking type and a cross-linking type. 

[0076] The non-cross-linking type is a type Which, after 
coated and dried, is used as it is and has thermoplasticity. For 
this reason, the non-cross-linking type is ordinarily de?cient 
in an agglomeration property making itself di?icult in 
obtaining elasticity. 
[0077] In order to impart the agglomeration property 
thereby enhancing the elasticity, changes of types and quan 
tities of copolymerization monomers and external additions 
of other polymers or resins such as a phenol resin and the 
like are conducted. By doing such conduct, it can be 
designed that a preferable agglomeration property, tackiness 
and adhesiveness are simultaneously imparted. 

[0078] When the agglomeration property is imparted, 
depending on the copolymerization monomer rather than 
polymerization degree exhibits a remarkable e?‘ect. Speci? 
cally, an agglomeration component and a quality modi?ca 
tion component are to be appropriately selected Whereupon 
a balance therebetWeen is important. Ordinarily, as the 
agglomeration component, vinyl acetate is a favorable 
monomer, While, as the quality modi?cation component, a 
monomer having a mono- or dicarboxylic acid is selected. 

[0079] Further, as a type for imparting the agglomeration 
property, there is a cross-linking type. In the cross-linking 
type, the agglomeration property, tackiness and adhesive 
ness are Well balanced there among by changing a cross 
linking degree thereof. 

[0080] An illustrative composition of the acrylic adhesive 
Which has conventionally been used comprises vinyl acetate, 
octyl acrylate, ethyl acrylate and maleic anhydride. 

[0081] On this occasion, components Which in?uence the 
agglomeration property are vinyl acetate and ethyl acrylate. 
By decreasing ratios of contents of these components and, 
accordingly, decreasing the agglomeration property, the 
transparent adhesive layer having a loW elasticity according 
to the invention can be obtained. 

(Silicone Type Adhesives) 
[0082] Since silicone type adhesives have a high thermal 
resistance, the silicone type adhesives are particularly favor 
ably used in an application required for thermal resistance. 
Further, the silicone type adhesives are excellent in electrical 
characteristics, Water resistance, moisture resistance and 
Weather resistance, and as Well they adheres Well to an 
adherend having either a loW surface energy or a high 
surface energy. 
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[0083] A composition of the silicone adhesives is based on 
silicone in a rubber state and silicone in a resin state. 

[0084] Ordinarily, a dried ?lm of the silicone type adhe 
sive exhibits an adhesive property but has a loW agglom 
eration property. For this reason, cross-linking is necessary 
and, by such cross-linking, the silicone type adhesives are 
adjusted to obtain an appropriate elasticity. On this occasion, 
the silicone type adhesives are heated ordinarily at 2500 C. 
or, in cases Where a peroxide such as benZoyl peroxide is 
added, heated at a temperature of from 150 to 170° C. for 
from 5 to 15 minutes. 

[0085] An illustrative composition of the silicone type 
adhesives Which has conventionally been adopted comprises 
(a) a methyl phenyl polysiloxane resin, (b) a phenyl vinyl 
siloxane resin, (c) dimethyl diphenyl cyclotetrasiloxane and 
(d) chloroplatinic acid. 

[0086] On this occasion, the component Which in?uences 
the agglomeration property, the cross-linking degree of other 
members and the elasticity of the transparent adhesive is (d) 
chloroplatinic acid. In order to obtain a targeted transparent 
adhesive having a loW elasticity and according to the inven 
tion, it is su?icient that a content of (d) chloroplatinic acid 
is alloWed to be loWer than a conventional content. 

(Form of Transparent Adhesive and Layer-forming Method) 

[0087] Forms of transparent adhesives are roughly divided 
into tWo categories, that is, a form in a sheet state and the 
other in a liquid state. The adhesive in a sheet state is 
ordinarily a pressure-sensitive type; on this occasion, after 
the adhesive is laminated to one of members to be bonded 
together, the other member is laminated to the member thus 
laminated With the adhesive Whereupon tWo members are 
bonded together. 

[0088] The adhesive in a liquid state is a type Which is ?rst 
subjected to application and bonding operations and, then, is 
hardened by being left to stand in room temperature or being 
heated; on this occasion, as application methods of the 
adhesive in a liquid state, mentioned are a bar coating 
method, a reverse coating method, a gravure coating 
method, a roll coating method and the like and, an appro 
priate method is selected from there among by taking into 
consideration a type, viscosity, a quantity to be applied and 
the like of the adhesive. 

[0089] After a bonding operation is performed by using 
the transparent adhesive, in order to remove air entrapped at 
the time of the bonding operation, or to perform solution 
treatment on the adhesive and, further, to enhance adhesion 
strength betWeen members, it is permissible that curing is 
performed under conditions of pressure and heating. On this 
occasion, the condition of pressure is ordinarily from about 
0.001 to about 2 MPa and the condition of heating is, 
although depending on thermal resistance of individual 
members, from ordinarily about room temperature to about 
80° C. 

(Transparent Resin Layer) 

[0090] Young’s modulus in a direction perpendicular to a 
surface of a transparent resin layer Which is characterized by 
elasticity and thickness according to the invention is pref 
erably in a range of from 1><103 to 1><108 Pa and the 
thickness of the transparent resin layer is preferably in a 
range of from 10 to 3,000 um. 
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[0091] The transparent resin layer Which is characterized 
by the elasticity and thickness according to the invention has 
a function of preventing impact from being added to glass of 
a vieWing surface When the impact is added to a display 
element or a function of preventing broken glass from being 
scattered Whereupon the transparent resin layer plays an 
important role according to the invention. 

[0092] The transparent resin layer according to the inven 
tion is used in forming a functional layer such as a trans 
parent electrically conductive layer, an anti-re?ection layer, 
an anti-glare layer or the like, or used after alloWing a dye 
to be contained therein Whereupon the transparent resin 
layer becomes a base of a laminate. 

[0093] The transparent resin layer is required to be trans 
parent. The term “transparent” as used herein is intended to 
mean that, When the thickness thereof is 100 um, luminous 
average transmittance of visible light is 50% or more. 

[0094] In order for the transparent resin layer to absorb an 
external impact and prevent the impact from being trans 
ferred, it is considered su?icient that the transparent resin 
layer changes the shape thereof by the external impact to 
alleviate and, accordingly, cancel the impact. In order to 
achieve these features, it is considered su?icient that the 
elasticity in a direction perpendicular to a surface of the 
transparent resin layer is controlled in correspondence With 
applications. 

[0095] As the elasticity in a direction perpendicular to the 
surface of the transparent resin layer according to the 
invenstion, Young’s modulus is preferably from 1><103 to 
1x10 Pa, more preferably from 1><103 to 7><107 Pa and still 
more preferably from 1><103 Pa to 5><107 Pa. 

[0096] In a case in Which the Young’s modulus of the 
transparent resin layer is unduly large, that is, more than 
1><10 Pa, When impact is added on the display element from 
a vieWing surface side or mechanical strength is added on a 
Whole display element, the impact can not fully be absorbed 
in the transparent resin layer Whereupon the substrate glass 
of the vieWing surface becomes liable to be broken or 
scattered. While, in a case in Which the Young’s modulus of 
the transparent resin layer is unduly small, that is, less than 
1><103 Pa, the transparent resin layer itself becomes liable to 
be broken; such a situation is not favorable. 

[0097] A material Which can be used in the transparent 
resin layer is not particularly limited so long as it satis?es the 
conditions described above. Speci?c examples of such mate 
rials include polyesters, polyethersulfone, polystyrene, poly 
ethylene, polypropylene, a polyamide, a polyimide, a cel 
lulose type resin, polyurethane, a ?uorine type resin such as 
polytetra?uoroethylene or the like, a vinyl compound such 
as polyvinyl chloride or the like, polyacrylic acid, a poly 
acrylic ester, polyacrylonitrile, an addition polymer of a 
vinyl compound, polymethacrylic acid, a polymethacrylic 
ester, a vinylidene compound such as polyvinylidene chlo 
ride or the like, a copolymer of a vinyl compound or a 
?uorine type compound such as a vinylidene ?uoride/ 
tri?uoroethylene copolymer, an ethylene/vinyl acetate 
copolymer or the like, a polyether such as polyethylene 
oxide or the like, an epoxy resin, polyvinyl alcohol, poly 
vinyl butyral, and, further, as transparent elastomers, for 
example, silicone rubber, urethane rubber, acrylic rubber, 
styrene-butadiene rubber, soft polyvinyl chloride, elas 
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tomers of ethylenic copolymers and the like such as an 
ethylene-propylene copolymer, ethylene-butene copolymer, 
an ethylene-vinyl acetate copolymer and the like, ethylenic 
transparent compositions such as a cross-linked product of a 
mixture of an ethylenic copolymer and an ethylene-propy 
lene-diene copolymer and the like and thermoplastic elas 
tomers such as a styrene type thermoplastic elastomer, a 
urethane type thermoplastic elastomer, and the like; hoW 
ever, materials Which can be used in the transparent resin 
layer are not limited to these examples. Further, these 
materials may contain a ?ller such as silica or the like, oil as 
a plasticiZer and an additive such as a heat resistant stabi 
liZer, an anti-oxidant or the like so long as an original object 
of each of these materials Will not be impaired. Furthermore, 
these materials may be subjected to a plasma treatment for 
the purpose of enhancing adhesiveness and the like. 

[0098] Among these materials, a polyester resin, a 
polypropylene resin or an ethylene vinyl acetate copolymer, 
polyethylene, polystyrene and polyurethane are favorably 
used. 

[0099] Thickness of the transparent resin layer according 
to the invention is from 10 to 3,000 um, preferably from 10 
to 2,000 um, more preferably from 10 to 1,500 um, still more 
preferably from 10 to 1,000 um and particularly preferably 
from 10 to 500 pm. When the thickness thereof is unduly 
small, that is, less than 10 um, a su?icient impact absorbing 
capacity can not be obtained. On the other hand, When the 
thickness thereof is unduly large, that is, more than 3,000 
um, light transmittance sometimes becomes insu?icient. 
Further, When a process is taken into consideration, in a case 
in Which the thickness thereof is unduly small, at the time the 
transparent resin layer is utiliZed as an optical ?lter, it is 
di?icult to provide the transparent resin layer on a display 
surface, While, in a case in Which the thickness is unduly 
large, ?exibility thereof is sometimes limited, although 
depending on a type of the material to be used. 

[0100] The transparent resin layer having a thickness of 
from 50 to 250 pm is a so-called transparent polymer ?lm 
and has ?exibility Whereupon a transparent electrically 
conductive ?lm can continuously be formed by a roll-to-roll 
method; hence, a long transparent laminate having a large 
area can efficiently be produced. While, the transparent resin 
layer having a thickness of 250 pm or more is a so-called 
transparent polymer sheet Whereupon an electrically con 
ductive layer, an anti-re?ection layer, anti-glare layer and 
the like can be formed by a sheet-feeding method. When 
elasticity thereof is loW, the roll-to-roll method can also be 
adopted. 

[0101] According to the invention, a surface of the trans 
parent resin layer may previously be subjected to a sputter 
ing treatment, a corona discharge treatment, a ?ame treat 
ment, an etching treatment such as ultraviolet ray irradiation, 
electron beam irradiation or the like, and prime coating 
thereby improving adhesiveness of the transparent resin 
layer against a transparent electrically conductive layer to be 
formed thereon. Further, any desired inorganic material 
layer, for example, made of a given metal or the like may be 
formed betWeen the transparent resin layer and the trans 
parent electrically conductive layer. Furthermore, if neces 
sary, a dust prevention treatment such as solvent cleaning, 
ultrasonic cleaning or the like may be performed, before a 
transparent electrically conductive ?lm is formed. 
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[0102] Further, in order to enhance an anti-scratch prop 
erty of the transparent laminate, a hard coat layer may be 
formed on at least one major surface of the transparent resin 
layer. Furthermore, When the laminate according to the 
invention has a plurality of transparent resin layers, at least 
one thereof is necessary to have the characteristics described 
above, but other layers are not limited by a parameter Which 
in?uences the impact absorbing capacity. 

(Impact Absorption Layer) 

[0103] An impact absorption layer according to the inven 
tion is a layer in Which, When an external force is applied on 
a screen of a display element provided With a laminate or an 
optical ?lter, the impact absorption layer alleviates the force 
Whereupon the impact absorption layer prevents the display 
element from being broken. 

(Impact Absorbing Capacity and Transparency) 

[0104] It is necessary that an impact absorption layer has 
an appropriate impact absorbing capacity and transparency. 
The term “have an appropriate impact absorbing capacity” 
as used herein is intended to mean that a penetration value 
of the impact absorption layer is from 50 to 200, preferably 
from 80 to 200 and more preferably from 100 to 200, (based 
on JIS K2207-1991-50 g load). Further, the term “have 
transparency” as used herein is intended to mean that, When 
the thickness thereof is 100 pm, a value of luminous average 
transmittance is 40% or more. 

[0105] When the thickness thereof is unduly small, the 
impact absorbing capacity can not fully be executed, While, 
When the thickness thereof is unduly large, light transmit 
tance can not su?iciently be obtained; therefore, these cases 
are not favorable. For this reason, the thickness thereof is 
from 10 to 3,000 um, preferably from 10 to 2,000 pm, more 
preferably from 10 to 1,500 um, still more preferably from 
10 to 1,000 um and particularly preferably from 10 to 500 
pm. 

[0106] A material of the impact absorption layer is not 
particularly limited so long as the material satis?es condi 
tions described above; on this occasion, examples of favor 
able materials include gels of such as silicone, polyethylene, 
polypropylene, polystyrene, polyurethane, acrylate and the 
like. 

[0107] Among these gels, particularly silicone in a gel 
state can attain the impact absorption layer having favorable 
values of penetration and luminous average transmittance. 
Further, on this occasion, by sealing air in the gel, the impact 
absorbing capacity is enhanced and can more favorably be 
used. 

[0108] When the impact absorption layer is ?xed on the 
transparent resin layer, these layers are ordinarily bonded 
together by using an adhesive or the like. The adhesives or 
the like are not limited to any speci?c type so long as they 
have transparency. On this occasion, the term “have trans 
parency” is intended to mean that, When the thickness 
thereof is 25 um, luminous average transmittance is 50% or 
more. Further, as such adhesive, the transparent adhesive 
layer Which is used for bonding the transparent resin layers 
themselves Within a scope of constitution of the laminate 
according to the invention or an optical ?lter and a screen of 
a display element can be used as the adhesive. Details of the 
transparent adhesive layer are described beloW. 
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[0109] It is permissible to form the anti-re?ection layer or 
the anti-glare layer in the impact absorption layer. Particu 
larly in a case in Which the laminate or the optical ?lter is 
provided on the display element and, as a result, the impact 
absorption layer is positioned on an outermost surface, in 
order to enhance visibility, it is preferable to form the 
anti-re?ection layer or the anti-glare layer. Details of the 
anti-re?ection layer and the anti-glare layer Will be 
described beloW. 

(Laminate) 
[0110] A laminate according to the invention is constituted 
by laminating a transparent resin layer, a transparent adhe 
sive layer and optionally an impact absorption layer; on this 
occasion, it is permissible that the impact absorption layer, 
the transparent resin layer and the transparent adhesive layer 
are each formed by one layer or are each present by a 
plurality of layers. When a plurality of impact absorption 
layers are present, an impact absorbing effect to be obtained 
is sometimes larger than that at the time the impact absorp 
tion layer is formed by one layer, from the standpoint of 
enhancement of the impact resistance. 

[0111] On this occasion, When the transparent resin layer 
and/ or the transparent adhesive layer are used by tWo layers 
or more in total (A layer, B layer), there are the folloWing 
relations, in regard to JIS-A hardness (HS-K6301 speci? 
cations) thereof, betWeen JIS-A hardness (Ha) of the A layer 
and JIS-A hardness (Hb) of the B layer: 

[0112] preferably Ha/Hbi 1 .1; 

[0113] more preferably Ha/Hbill; and 

[0114] still more preferably Ha/Hb§1.25. 

[0115] Further, Ha and Hb values are each preferably from 
0 to 98 and more preferably from 0 to 95. 

[0116] As an evaluation method for hardness of a soft 
material, there is Shore-A hardness other than JIS-A hard 
ness. In many cases, Shore-A hardness takes an approxi 
mately the same value as JIS-A hardness Whereupon there is 
no practical problem in using Shore-A hardness values as Hc 
and Hd values. 

[0117] A relation betWeen positions of the A layer and B 
layer is discretional; hoWever, it is preferable that the A layer 
is disposed at a side Which is apt to be subjected to impact, 
for example, a side closer to a vieWer at the time of being 
provided on the display apparatus. 

[0118] It is preferable that a ?rst laminate according to the 
invention satis?es at least one of the folloWing requirements: 

[0119] (I) Young’s modulus and thickness of at least one 
layer of a transparent adhesive layer are from 1><102 to 1><106 
Pa and from 10 to 500 um, respectively; 

[0120] (II) Young’s modulus and thickness of at least one 
layer of the transparent resin layer are from 1><103 to 1><108 
Pa and from 10 to 3,000 um, respectively; 

[0121] (III) penetration of at least one layer of an impact 
absorption layer is from 50 to 200; and 

[0122] (IV) the transparent resin layer and/or the impact 
absorption layer is tWo layers or more in total and a ratio of 
JIS-A hardness betWeen any tWo layers is 1.1 or more. 
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(Display Element) 
[0123] A laminate according to the invention can be used 
as a member of a display element. Examples of such display 
elements to be applicable include a plasma display panel 
(PDP), a liquid crystal display (LCD), an organic EL display 
(OELD), a ?eld emission display (FED) and the like. 

[0124] In a case of the PDP, the laminate can be used as 
an optical ?lter for the purpose of electromagnetic Wave 
shielding or color adjustment. In a case of the LCD, the 
laminate can be used as a polariZing plate, a phase difference 
plate, an anti-re?ection ?lm and an anti-glare ?lm. In cases 
of OELD and FED, the laminate can mainly be used as the 
anti-re?ection ?lm and the anti-glare ?lm. 

[0125] As a representative example, the optical ?lter for 
PDP Will noW be described. 

(Optical Filter for PDP) 

[0126] A PDP is ordinarily provided With an optical ?lter 
at its display front portion. Such provision is made due to the 
fact that a plasma display panel theoretically emits an 
intense electromagnetic Wave and a near-infrared ray to 
outside an apparatus. The electromagnetic Wave is knoWn to 
give a detrimental effect on measuring instruments and it has 
recently been reported that there is also a possibility that the 
electromagnetic Wave gives a detrimental effect on a human 
individual. For this reason, there is a trend in Which the 
electromagnetic Waves are controlled by laW. For example, 
today in Japan, there are standards set by VCCI Woluntary 
Control Council for Interference by data processing equip 
ment electronic of?ce machine), While, in the US, there are 
product standards set by FCC (Federal Communication 
Commission). 
[0127] The near-infrared ray causes a malfunction to be 
generated in a cordless telephone, an infrared ray type 
remote controller or the like. Particularly problematic Wave 
length is from 800 to 1,000 nm. In order to suppress an 
emission of such electromagnetic Wave and near-infrared 
ray, the optical ?lter has been used. 

[0128] It is necessary that such optical ?lter is electrically 
conductive in a Whole surface thereof and excellent in 
transparency. The optical ?lters Which satisfy such require 
ments and are put to practical use are roughly divided into 
tWo types. One is a type Which is called as a metal-mesh type 
in Which a metallic mesh is disposed on a Whole surface of 
a substrate in a ?ne lattice pattern manner. Although this 
type is excellent in electrical conductivity and electromag 
netic Wave shielding capacity, this type is inferior in near 
infrared ray re?ection capacity and transparency. The other 
one is a type Which is called as a transparent ?lm type in 
Which a transparent electrically conductive thin ?lm is 
disposed on a Whole surface of the substrate. Although the 
optical ?lter of such a transparent electrically conductive 
thin ?lm type is inferior in the electromagnetic Wave shield 
ing capacity to the metallic mesh type, the transparent 
electrically conductive thin ?lm type is excellent in near 
infrared ray shielding capacity and the transparency Where 
upon it can favorably be used as the ?lter for the display. 

[0129] In many cases, the optical ?lter of the transparent 
electrically conductive thin ?lm type is formed by bonding 
a transparent supporting substrate and the transparent elec 
trically conductive thin ?lm via the transparent adhesive. 
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From the standpoint of an effort for a smaller Weight and 
safety of the apparatus itself, although a transparent polymer 
molded body is favorably used as the transparent supporting 
substrate in many cases, since the transparent polymer 
molded body has a property of being deformed by being 
in?uenced by heat or moisture, glass is used in many cases. 
Further, there are also many cases in Which the optical ?lm 
having a function such as a re?ection rate-loWering function, 
an anti-glare function or a color toning function is combined 
With the transparent electrically conductive ?lm to be 
bonded together. 

[0130] According to the invention, the optical ?lter which 
differs from these conventional ones and does not have the 
transparent supporting substrate is provided. 

[0131] The electromagnetic Wave shielding capacity of the 
optical ?lter becomes further excellent, as a surface resis 
tance value of the optical ?lter becomes loWer. In regard to 
the optical ?lter of the transparent electrically conductive 
thin ?lm type, the transparent electrically conductive thin 
?lm can be obtained by laminating a metallic thin ?lm layer 
having a loW resistance. Among other things, a metallic thin 
?lm made of silver Which has a loWest speci?c resistance 
among pure substances is favorably used. Further, for the 
purpose of increasing the transmittance and enhancing the 
safety of the metallic thin ?lm layer, the metallic thin ?lm 
layer is ordinarily sandWiched by transparent high refractive 
thin ?lm layers to form a transparent electrically conductive 
thin ?lm laminate. 

[0132] In the optical ?lter for use in the electromagnetic 
Wave shielding, conduction is to be obtained betWeen the 
transparent electrically conductive thin ?lm layer and an 
exterior part by using an external electrode. 

[0133] A constitution of the optical ?lter according to the 
invention is not particularly speci?ed so long as the optical 
?lter can exhibit required functions. 

[0134] A number of members constituting the optical ?lter 
is not particularly speci?ed. Namely, all functions may be 
imparted to the transparent resin layer and the impact 
absorption layer or a plurality of layers having respective 
functions may be combined. When the function of the 
optical ?lter is formed in one layer of the transparent resin 
layer or the impact absorption layer, the transparent adhesive 
layer is used for bonding the optical ?lter on the vieWing 
surface of the PDP. Further, When the optical ?lter is 
constituted by combining tWo or more of polymer ?lms, the 
transparent adhesive is used for bonding the transparent 
adhesive layer for use in bonding the optional ?lter on the 
PDP vieWing surface or bonding the respective polymer 
?lms together. 

[0135] Speci?c examples of the constitutions of the optical 
?lters are shoWn as folloWs. 

[0137] In these examples, (A) represents a vieWing surface 
of a PDP, (B), (C) and (D) each represent a transparent 
adhesive layer, (E), (F) and (G) represent a transparent resin 
layer and an impact absorption layer, (H) represents a 
transparent electrically conductive thin ?lm and (I) repre 
sents an anti-re?ection ?lm. 
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[0138] Even When only one transparent adhesive layer is 
used, a su?icient effect can be expected, so long as thickness 
of the transparent adhesive layer is at or over a certain level; 
hoWever, according to the invention, When the transparent 
adhesive layer Which is characteriZed by a loW elasticity is 
used for all of a plurality of the transparent adhesive layers, 
although thickness of each transparent adhesive layer is 
small, a su?icient effect in regard to the impact resistance 
can be obtained. 

[0139] Even When only one transparent resin layer and the 
impact absorption layer are used, a su?icient effect can be 
expected, so long as thickness of thereof is at or over a 

certain level; hoWever, according to the invention, When the 
transparent resin layer Which is characterized by a loW 
elasticity is used for all of a plurality of the transparent resin 
layers, although thickness of each transparent resin layer is 
small, a su?icient effect in regard to the impact resistance 
can be obtained. 

[0140] The laminate according to the invention can be 
used as the optical ?lter for the PDP. On this occasion, there 
are many cases in Which the transparent electrically con 
ductive layer is formed in any one of the transparent resin 
layer and/or the impact absorption layer. The transparent 
electrically conductive layer according to the invention is 
such a transparent electrically conductive layer as compris 
ing a mono-layer thin ?lm or a multi-layer thin ?lm. Further, 
according to the invention, the laminate in Which the trans 
parent electrically conductive layer is formed on a major 
surface of the polymer ?lm is referred to as a transparent 
laminate. The polymer ?lm can use a material having a 
Young’s modulus of l><l08 or more other than the transpar 
ent resin layer described above. Preferable examples of such 
materials include a biaxially stretched polyethylene tereph 
thalate ?lm, a polybutylene terephthalate, bisphenol A poly 
carbonate, cellulose acetate and the like. 

[0141] As the mono-layered transparent electrically con 
ductive ?lm, mentioned is the electrically conductive mesh, 
an electrically conductive ?lm having a lattice type pattern, 
a metallic thin ?lm or an oxide semiconductor thin ?lm. 

[0142] As the multi-layered transparent electrically con 
ductive ?lm, mentioned is a multi-layered thin ?lm in Which 
a metallic thin ?lm and a high-refractive-index transparent 
thin ?lm are laminated to each other. The multi-layered thin 
?lm in Which the metallic thin ?lm and the high refractive 
index transparent thin ?lm are laminated to each other has 
characteristics described beloW. Namely, a thin ?lm of a 
metal such as silver not only has electric conductivity, but 
also has near-infrared ray re?ection characteristics by a free 
electron of the metal. Further, the high-refractive-index 
transparent thin ?lm has characteristics to prevent light 
re?ection in a speci?ed Wavelength region in the metallic 
thin ?lm. Therefore, such multi-layered thin ?lms have 
favorable characteristics in any of the electric conductivity, 
near-infrared ray cutting-off capacity and visible light ray 
transmittance. 

[0143] In order to obtain a ?lter for a display having both 
electromagnetic Wave shielding capacity and near-infrared 
ray cutting-off capacity, a multi-layered thin ?lm in Which a 
metallic thin ?lm having both high electric conductivity for 
absorbing the electromagnetic Wave and a multiplicity of 
re?ection interfaces for re?ecting the near-infrared ray, and 
the high-refractive-index transparent thin ?lm are laminated 
to each other is preferable. 
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[0144] While, according to the VCCI, Class A, Which sets 
a regulated limit for industrial use, indicates that a radiation 
?eld intensity should be less than 50 dBuV/m, Whereas Class 
B, Which sets a regulated limit for domestic use, indicates 
that the radiation-?eld intensity should be less than 40 
dBuV/m. HoWever, in a frequency band extending from 20 
MHZ to 90 MHZ, the radiation ?eld intensity from the 
plasma display exceeds 40 dBuV/m in the plasma display 
having a diagonal siZe of about 20 inches and 50 dBuV/m in 
the plasma display having a diagonal siZe of about 40 inches. 
Thus, these types of plasma displays can not be put to 
domestic use as they are. 

[0145] As a siZe of a screen and electric poWer consump 
tion thereof become higher, the radiation ?eld intensity of 
the plasma display becomes higher Whereupon it is neces 
sary to use an electromagnetic Wave shielding material 
having high shielding effectiveness. 

[0146] In order to obtain electromagnetic Wave shielding 
capacity necessary for the plasma display as Well as high 
visible light ray transmittance and loW visible light ray 
re?ectance, it is necessary that the transparent electrically 
conductive layer has electric conductivity of a loW resistance 
such that a surface resistance thereof is from 0.1 to 30 
Q/ square, more preferably from 0.1 to 15 Q/ square, and still 
more preferably from 0.01 to 5 Q/ square. The terms “visible 
light ray transmittance” and “visible light ray re?ectance” as 
used herein are intended to include values calculated in 
accordance With JIS (R-3106) on the basis of the Wavelength 
dependence of transmittance and re?ectance. 

[0147] Further, in order to shield an intense near-infrared 
ray emitted from the plasma display up to such a level as 
causes no problem in actual use, it is required to alloW a light 
ray transmittance in a Wavelength range of from 800 to 
1,000 nm of the near-infrared ray in the ?lter for the display 
to be 20% or less and, further, in order to satisfy such a 
requirement, it is necessary that the transparent electrically 
conductive layer itself has a near-infrared ray cutting-off 
property from the reason that a number of constitutional 
members is required to be decreased and there is a limitation 
on a near-infrared ray absorption by using a dye. Re?ection 
by the free electron of the metal can be utiliZed, in order to 
cut off the near-infrared ray in the transparent electrically 
conductive layer. 

[0148] As the metallic thin ?lm layer becomes thicker, the 
visible light ray transmittance becomes loWer, While as the 
metallic thin ?lm layer becomes thinner, the re?ection of the 
near-infrared ray becomes Weaker. HoWever, by superim 
posing at least one layer of a laminate constitution in Which 
the metallic thin ?lm layer having a given thickness is 
interposed betWeen the high-refractive-index transparent 
thin ?lm layers, it is possible to enhance the visible light ray 
transmittance and, at the same time, increase a total thick 
ness of the metallic thin ?lm layer. Further, by controlling a 
number of layers and/ or thickness of each layer, it is possible 
to alloW the visible light ray transmittance, the visible light 
ray re?ectance, the near-infrared ray transmittance, a trans 
mitted color and a re?ected color to be changed Within a 
given range. 

[0149] Ordinarily, as the visible light ray re?ectance 
becomes higher, lighting equipment and the like are more 
mirrored in the screen Whereupon effect to prevent the 
re?ection on the surface of the representation portion is 
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reduced thereby deteriorating visibility and contrast. Fur 
ther, as the re?ected color, an imperceptible color of, for 
example, White-, blue- or purple-base is preferable. Under 
these circumstances, as the transparent electrically conduc 
tive layer, a multi-layered lamination Which is optically 
designed and controlled in an easy manner comes to be 
preferable. 
[0150] In the optical ?lter for the PDP according to the 
invention, it is preferable to use the transparent laminate in 
Which the transparent electrically conductive layer that is a 
multi-layered thin ?lm is formed on one major surface of the 
polymer ?lm. 

[0151] A preferable transparent electrically conductive 
layer according to the invention is formed on one major 
surface of the polymer ?lm by ?rstly laminating a repeating 
unit (a)/(b) comprising a high-refractive-index transparent 
thin ?lm layer (a) and a metallic thin ?lm layer (b) in order 
of precedence on the polymer ?lm While repeating such 
repeating unit from toW times to four times and, then, 
further, laminating at least one high-refractive-index trans 
parent thin ?lm layer (a) on the resultant laminate and is 
characterized in that a surface resistance thereof is from 0.1 
to 30 Q/square. By these features, the transparent electri 
cally conductive layer has properties excellent in loW resis 
tivity for electromagnetic Wave shielding capacity, near 
infrared ray cutting-off capacity, transparency, and visible 
light ray re?ectance. Further, unless otherWise stated, the 
term “multi-layered thin ?lm” as used herein is intended to 
include a transparent electrically conductive ?lm of a multi 
layered lamination in Which at least one layer of a laminate 
constitution Where a metallic thin ?lm layer is interposed 
betWeen the high-refractive-index transparent thin ?lm lay 
ers is superimposed. 

[0152] In the transparent electrically conductive layer 
according to the invention, the repeating unit is preferably 
laminated from tWo times to four times. That is, the trans 
parent laminate according to the invention in Which the 
transparent electrically conductive layer is laminated on one 
major surface of the polymer ?lm (A) has a layer constitu 
tion of (A)/ (a)/ (b)/ (a)/ (b)/ (a), (A)/ (a)/ (b)/ (a)/ (b)/ (a)/ (b)/ (a) or 
(A)/(a)/(b)/(a)/(b)/(a)/(b)/(a)/(b)/(a). When the repeating 
unit is laminated more than 5 times, a restriction on a 
production apparatus and productivity becomes a serious 
problem, and, further, there is a tendency in Which the 
visible light ray transmittance is deteriorated and the visible 
light ray re?ectance is increased. On the other hand, When a 
repeating time is one time, it is impossible to simultaneously 
satisfy the loW resistivity, the near-infrared ray cutting-off 
capacity and the visible light ray re?ectance. 

[0153] Further, the inventors have found that, in the multi 
layered thin ?lm in Which the repeating unit is laminated 
from tWo times to four times, in order to alloW the near 
infrared ray cutting-off capacity, the visible light ray trans 
mittance, and the visible light ray re?ectance to be charac 
teristics simultaneously advantageous to the plasma display, 
a surface resistance thereof is from 1 to 5 Q/square. 

[0154] Further, it is conceivable that an electromagnetic 
Wave intensity to be emitted from the plasma display is 
loWered in the future. In such a case, it is anticipated that, 
even When the surface resistance of the optical ?lter is from 
5 to 15 Q/square, sufficient electromagnetic Wave shielding 
characteristics can be obtained. It is also conceivable that the 
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electromagnetic Wave intensity to be emitted from the 
plasma display is further lowered. In such a case, it is also 
anticipated that, even When the surface resistance of the 
optical ?lter is from 15 to 30 Q/square, suf?cient electro 
magnetic Wave shielding characteristics can be obtained. 

[0155] As a material of the metallic thin ?lm layer (b), 
silver is advantageous because it is excellent in electric 
conductivity, an infrared ray re?ection property and visible 
light ray transmittance When it is laminated in multiple 
layers. HoWever, silver lacks chemical and physical stability 
Whereupon it tends to be deteriorated under actions of a 
contaminant, steam, heat, light and other factors present in 
the environment. Accordingly, an alloy composed of silver 
and at least one metal, having high environmental stability, 
for example, gold, platinum, palladium, copper, indium, tin 
or the like, or a metal Which is stable to these environmental 
factors can favorably used. Particularly, gold and palladium 
are favorable because these metals are excellent in environ 
mental resistance and optical characteristics. 

[0156] Although no particular limitation is placed on a 
content of silver in such a silver-containing alloy, it is 
desirable that the electric conductivity and optical charac 
teristics thereof do not differ substantially from those of the 
silver thin ?lm; on this occasion, the content is in a range of 
from about 50% by Weight or more to less than about 100% 
by Weight. HoWever, since an addition of another metal to 
silver ordinarily impairs an excellent electric conductivity 
and optical characteristics of silver, it is desirable that, When 
a plurality of metallic thin ?lm layers are employed, if 
possible, at least one of the metallic thin ?lm layers uses 
silver Without alloWing silver to be an alloy thereof, or only 
a metallic thin ?lm layer on a ?rst layer and/or an outermost 
layer as vieWed from the substrate is alloWed to be an alloy. 

[0157] Thickness of the metallic thin ?lm layer is deter 
mined by optical design and experiment, on the basis of 
electric conductivity, optical characteristics and the like, and 
is not particularly limited so long as the transparent electri 
cally conductive layer has required characteristics. HoW 
ever, it is necessary, based on electric conductivity and the 
like, that a thin ?lm is not of an island type structure, but in 
a continuous state Whereupon the thickness thereof is pref 
erably 4 nm or more. Further, When the metallic thin ?lm 
layer is unduly thick, there occurs a problem in transpar 
ency; therefore, it is preferably 30 nm or less. When a 
multiple of the metallic thin ?lm layers exist, all of such 
layers are not necessarily of the same thickness and do not 
necessarily comprise silver or an alloy thereof. 

[0158] In order to form the metallic thin ?lm layer, there 
may be employed any of conventionally knoWn methods 
such as sputtering, ion plating, vacuum deposition, metal 
plating and the like. 

[0159] No particular limitation is placed on the transparent 
thin ?lm forming the high-refractive-index transparent thin 
?lm layer (a), so long as the transparent thin ?lm has 
transparency in a visible region and have an effect of 
preventing light re?ection in the visible region of the metal 
lic thin ?lm layer; hoWever, a high-refractive-index material 
having such a high refractive index as being not less than 
1.6, preferably not less than 1.8, and more preferably not less 
than 2.0 against a visible light ray is used. Speci?c examples 
of such materials Which form such a transparent thin ?lm 
include oxides of metals such as indium, titanium, Zirco 
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nium, bismuth, tin, Zinc, antimony, tantalum, cerium, neody 
mium, lanthanum, thorium, magnesium, gallium and the 
like; mixtures of these metal oxides; Zinc sul?de; and the 
like. 

[0160] In these oxides or the sul?de, the metal and an 
oxygen atom or a sulfur atom may be present in nonsto 
ichiometric proportions; hoWever, the oxides or the sul?de 
are permissible, so long as optical characteristics thereof are 
not substantially modi?ed. Among the materials, Zinc oxide, 
titanium oxide, indium oxide, and a mixture of indium oxide 
and tin oxide (ITO) are advantageously used because they 
not only have high transparency and a high refractive index, 
but also has a high-speed ?lm formation, good adhesion to 
the metallic thin ?lm layer and the like. 

[0161] Thickness of the high-refractive-index transparent 
thin ?lm layer can be determined by an optical design and 
an experiment, on the basis of the optical characteristics of 
the polymer ?lm (hereinafter referred to also as “transparent 
substrate”), thickness and optical characteristics of the metal 
thin ?lm layer, a refractive index of the transparent thin ?lm 
layer, and the like; on this occasion, although no particular 
limitation is placed on the thickness thereof, it is preferably 
in a range of from 5 nm to 200 nm and more preferably from 
10 nm to 100 nm. Further, When a plurality of high 
refractive-index transparent thin ?lm layers are present, all 
of the high-refractive-index transparent thin ?lm layers are 
not necessarily in a same thickness and not necessarily made 
of a same transparent thin ?lm material. 

[0162] In order to form the high-refractive-index transpar 
ent thin ?lm layer, there may be employed any of conven 
tionally knoWn methods such as sputtering, ion plating, ion 
beam assisted deposition, vacuum deposition, Wet coating 
and the like. 

[0163] In order to improve the environmental resistance of 
the transparent electrically conductive layer, any desired 
protective layer of an organic material or an inorganic 
material may be provided on a surface of the transparent 
electrically conductive layer to such an extent as does not 
remarkably detract from the electric conductivity and optical 
characteristics thereof. Further, in order to improve the 
environmental resistance of the metallic thin ?lm layer, the 
adhesiveness betWeen the metallic thin ?lm layer and the 
high-refractive-index transparent thin ?lm layer and the like, 
any desired inorganic material layer may be formed betWeen 
the metallic thin ?lm layer and the high-refractive-index 
transparent thin ?lm layer to such an extent as does not 
detract from the electric conductivity and the optical char 
acteristics thereof. Speci?c examples of these inorganic 
materials include copper, nickel, chromium, gold, platinum, 
Zinc, Zirconium, titanium, tungsten, tin, palladium and the 
like and, further, alloys composed of tWo or more of these 
metals. Thickness thereof is preferably in a range of from 
about 0.2 nm to about 2 nm. 

[0164] In order to obtain a transparent electrically con 
ductive layer having desired optical characteristics, a thin 
?lm material of each layer, a number of layers, ?lm thick 
ness of each layer and the like may be determined by 
performing an optical design Which utiliZes a vector method 
using optical constants (refractive index and extinction 
coef?cient) of the polymer ?lm and the thin ?lm material, a 
method using an admittance diagram and the like While 
taking into consideration electric conductivity needed for the 
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electromagnetic Wave shielding capacity to be aimed for, 
that is, the metallic thin ?lm material and its thickness. On 
this occasion, it is su?icient that an adjacent layer Which is 
formed on the transparent electrically conductive layer is 
taken into consideration. This is attributable to the fact that, 
since an entrance medium for light entering the transparent 
electrically conductive layer formed on the polymer ?lm is 
different from an entrance medium having a refractive index 
of 1 such as air, vacuum or the like, a transmitted light color 
(as Well as transmittance, re?ected light color and re?ec 
tance) undergoes changes. Namely, in a case in Which the 
transparent adhesive layer is interposed When the functional 
transparent layer is formed on the transparent electrically 
conductive layer, designing is performed While taking into 
consideration an optical constant of the transparent adhesive 
layer. Further, When the functional transparent layer is 
disposed directly on the transparent electrically conductive 
layer, designing is performed While taking into consideration 
the optical constant of a material Which contacts the trans 
parent electrically conductive layer. 

[0165] By designing the transparent electrically conduc 
tive layer in such a manner as described above, When a 
bottom layer and a top layer as vieWed from the polymer 
?lm are thinner than any other layer interposed therebetWeen 
in the high-refractive-index transparent thin ?lm layer (a), or 
a bottom layer as vieWed from the polymer ?lm is thinner 
than any other layer in the metallic thin ?lm layer (b), and 
an adhesive Which has a refractive index of from 1.45 to 
1.65, a thickness of from 10 to 50 um and an extinction 
coe?icient of about 0 is an adjacent layer, re?ectance of the 
transparent laminate is not signi?cantly increased, that is, an 
increase of interfacial re?ectance by forming the adjacent 
layer is 2% or less. 

[0166] Particularly, in the transparent electrically conduc 
tive layer comprising repeating the repeating unit 3 times, 
that is, 7 layers, When a second metallic thin ?lm layer in the 
midst of the metallic thin ?lm layer (b) comprising three 
layers, that is, a fourth layer as vieWed from the polymer 
?lm, is thicker than any other layer, in a case in Which the 
adhesive is the adjacent layer, re?ectance of the transparent 
laminate is not signi?cantly increased. 

[0167] Further, the optical constant can be measured by 
using an ellipsometry (elliptically polariZed light analytical 
method) or an Abbe refractometer and, further, ?lm forma 
tion can be performed by controlling a number of layers, 
?lm thickness and the like While observing the optical 
characteristics. 

[0168] The transparent electrically conductive layer of the 
?lter for the display according to the invention is preferably 
also a metallic mesh layer. 

[0169] In the mono-layered metallic mesh layer, a copper 
mesh layer is ordinarily formed on a polymer ?lm. Ordi 
narily, a copper foil is ?rst bonded on the polymer ?lm and, 
then, the resultant copper foil-bonded polymer ?lm is pro 
cessed to be in a mesh state. 

[0170] Both of ?at-rolled copper and electrolytic copper 
are usable as the copper foil to be employed in the invention; 
hoWever, porous metallic layer is preferably used and, on 
this occasion, a pore diameter thereof is preferably from 0.5 
to 5 pm, more preferably from 0.5 to 3 pm, and still more 
preferably from 0.5 to 1 um. When the pore diameter is 
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larger than 5 pm, there is a fear of causing a problem in 
patterning, Whereas, When the pore diameter is smaller than 
0.5 pm, it is di?icult to expect an enhancement of light ray 
transmittance. Further, porosity of the copper foil is in a 
range of preferably from 0.01 to 20%, more preferably from 
0.02 to 15% and particularly favorably from 0.02 to 5%. The 
term “porosity” as used herein is intended to include a value 
speci?ed by P/R, Wherein R represents a volume; and P 
represents a pore volume. For example, provided that, When 
the pore volume of the copper foil against 0.1 cc of the 
volume thereof is measured by mercury porosity, the pore 
volume is 0.001 cc, the porosity can be de?ned as 1%. On 
this occasion, the copper foil to be used may be such a 
copper foil as has been subjected to any type of surface 
treatments. Speci?c examples of the surface treatments 
include chromate processing, surface roughening, pickling, 
Zinc/chromate processing, and the like. 

[0171] Thickness of the copper foil is preferably from 3 to 
30 pm, more preferably from 5 to 20 um, and still more 
preferably from 7 to 10 pm. When the thickness is more than 
this thickness, there occurs a problem that a prolonged time 
is required for etching, While, When the thickness is less than 
this thickness, there occurs a problem that electromagnetic 
Wave shielding capacity is deteriorated. 

[0172] An open area ratio of a light transmission part is 
from 60% to 95%, more preferably from 65% to 90%, and 
still more preferably from 70% to 85%. A shape of an open 
area portion is not particularly limited, but it is preferable 
that the shape thereof is in a form of an regular triangle, a 
regular tetragon, a regular hexagon, a circle, a rectangle, a 
rhombus, or the like, shapes of such open area portions are 
all alike and the open area portions are aligned Within a 
surface thereof. As for a representative siZe of the open area 
portion of the light transmission part, it is preferable that a 
side or a diameter thereof is in a range of, preferably from 
5 to 200 um, and more preferably from 10 to 150 pm. When 
the siZe is unduly large, namely, more than 200 um, the 
electromagnetic Wave shielding capacity is deteriorated, 
While, When the siZe is unduly small, namely, less than 5 pm, 
an unfavorable in?uence Will be given to an image on a 
display. Further, it is preferable that Width of a metal in other 
portions than the open area portions is preferably from 5 to 
50 um. Namely, a pitch is preferably from 10 to 250 pm. 
When the pitch is smaller than such a Width, namely less 
than 10 pm, Working becomes extremely di?icult. On the 
other hand, When the pitch is larger than such Width, namely, 
the pitch is larger than 50 um, an unfavorable in?uence Will 
be given to the image. 

[0173] A substantial sheet resistance of a metallic layer 
having the light transmission part, as used herein, is a sheet 
resistance measured by a 4-terminal method having an 
interval betWeen electrodes at least 5 times as large as the 
repeating unit of the pattern by utiliZing an electrode at least 
5 times as large as the pattern. For example, When the open 
area portion has a shape of a regular tetragon having a side 
of 100 um, and are regularly aligned, While the metallic layer 
is 20 um Wide, measurements can be conducted by disposing 
electrodes each having a diameter of 1 mm With an interval 
of 1 mm therebetWeen. Alternatively, a pattem-bearing ?lm 
is processed to be in strip form and, then, electrodes are 
disposed at both ends thereof in a longitudinal direction and, 
thereafter, resistance (R) thereof is measured to obtain the 
expression: the substantial sheet resistance=R><b/a, Wherein 
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a represents length in a longitudinal direction; and b repre 
sents length in a transverse direction. A value obtained in 
such a manner as described above is preferably from 0.01 
Q/square to 0.5 Q/square, and more preferably from 0.05 
Q/square to 0.3 Q/square. When a value Which is smaller 
than 0.01 Q/square is tried to obtain, the ?lm becomes 
unduly thick thereby being unable to suf?ciently obtain the 
opening area portion, While, When a value becomes larger 
than 0.5 Q/ square, su?icient electromagnetic Wave shielding 
capacity can not be obtained. 

[0174] As for a method of laminating a copper foil on a 
polymer ?lm, a transparent adhesive is used. Examples of 
such adhesives include those of acrylic type, epoxy type, 
urethane type, silicone type, polyester type and the like; 
hoWever, adhesives are not particularly limited to these 
types. A tWo-component type and a thermosetting type are 
favorably used. Further, it is preferable that the adhesive is 
excellent in chemical resistance. It is permissible that, after 
the adhesive is applied to the polymer ?lm, the copper foil 
can be bonded to the resultant adhesive-applied polymer 
?lm, or the copper foil is applied With the adhesive and then 
bonded. 

[0175] As for a method of forming the light transmission 
part, a printing method or a photo-resist method can be used. 
In the printing method, it is of a common practice to alloW 
a mask layer to form a pattern by a screen printing method 
utiliZing a printing resist material. In a method of using a 
photo-resist material, the photo-resist material is solidly 
formed on a metallic foil by a roll coating method, a spin 
coating method, an entire-surface printing method, a transfer 
printing method, or the like and, then, is exposed to light and 
developed by using the photomask to perform resist pattem 
ing. After the resist patterning is completed, a metallic 
portion Which Will be an opening area portion is removed by 
a Wet etching method Whereby a metallic mesh having the 
light transmission part of a desired opening area shape and 
opening area ratio can be obtained. 

(Toning) 

[0176] Further, there are many cases in Which an optical 
?lter has a function to adjust a color emitted from a display 
to a favorable one. Also, there is a case in Which the ?lter for 
the liquid crystal does not have a transparent electrically 
conductive layer and a main function thereof is a toning 
function. 

[0177] When a transmitted color of the optical ?lter is rich 
in a tint of from yelloWish green tint to green, contrast of the 
display is decreased and, further, color purity thereof is 
deteriorated and a White color representation sometimes 
becomes greenish. This phenomenon is attributable to the 
fact that light in a Wavelength of around 550 nm Which is a 
yelloWish green color to green color is the highest in 
visibility. 

[0178] When the visible light ray transmittance and the 
visible light ray re?ectance in a multi-layered ?lm are taken 
into serious consideration, the multi-layered thin ?lm ordi 
narily inferior in a transmitted color tone. As the electro 
magnetic Wave shielding capacity, that is, electric conduc 
tivity and near-infrared ray cutting-off capacity become 
larger, it becomes necessary to alloW a total thickness of a 
metallic thin ?lm to be larger. HoWever, as the total thick 
ness of the metallic thin ?lm becomes larger, there is a 
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tendency in Which the transmitted color becomes more of 
from a green color to a yelloWish green color. Therefore, it 
is required that, in the optical ?lter used for the plasma 
display, the transmitted color thereof is neutral gray or blue 
gray. This is attributable to a fact that contrast is deteriorated 
When green color transmission is intense, blue color lumi 
nescence is Weak compared With red or green color lumi 
nescence, White color having a slightly higher color tem 
perature than that of a standard White color is preferred, and 
the like. Further, it is desirable that, as the transmission 
characteristics of the optical ?lter, a chromaticity coordinate 
of White color representation on the plasma display is as near 
to a blackbody locus as possible. 

[0179] When the multi-layered thin ?lm is used in the 
transparent electrically conductive layer (B), it is important 
to alloW the transmitted color of the optical ?lter to be 
neutral gray or blue gray by correcting a color tone of the 
multi-layered thin ?lm. For performing such a correction of 
the color tone, it is sufficient that a dye having absorption in 
a visible Wavelength region is used. For example, When an 
greenish tint exists in the transmitted color of the transparent 
electrically conductive layer (B), the correction to gray can 
be performed by using a dye of red color, While, When a 
yelloWish tint exists in the transmitted color, the correction 
can be performed by using a dye of from blue to violet color. 

[0180] In a color plasma display, a red color (R) lumines 
cent phosphor such as (Y, Gd, Eu)BO3 or the like, a green 
color (G) luminescent phosphor such as (Zn, Mn)2SiO4 or 
the like, and a blue color (B) luminescent phosphor such as 
(Ba, Eu)MgAllOO17:Eu or the like Which emit light by being 
excited by a vacuum ultraviolet light that is generated by 
direct or alternating electric current discharge in a rare gas 
are formed in display cells Which constitute pixels. The 
phosphors are selected on a basis of color purity, a coating 
property to a discharge cell, a short period of residual 
luminescent time, luminous ef?ciency, thermal resistance 
and the like Whereupon many of the phosphors noW in 
practical use have yet to be improved in color purity thereof. 
Particularly, emission spectrum of the red color luminescent 
phosphor indicates several luminescent peaks over a Wave 
length range of from about 580 nm to about 700 nm. Since 
a luminescent peak in a side of a relatively intense short 
Wavelength is luminescence of from yelloW color to orange 
color, there occurs a problem in Which color purity of red 
color luminescence is deteriorated thereby approaching to 
that of orange color luminescence. When a mixed gas of Xe 
and Ne is used as a rare gas, the color purity of the orange 
color luminescence brought about by radiative relaxation of 
an Ne-excited state is also deteriorated. As to green color 
luminescence and blue color luminescence, a position of a 
peak Wavelength and broadness of luminescence are factors 
of deteriorating the color purity thereof. 

[0181] Height of the color purity can be indicated, for 
example, in terms of an area of color reproduction gamut 
Which is shoWn by an area of a triangle formed by connect 
ing three vertices of R, G, B three colors in a coordinate 
system de?ned by Commission Internationale d’Eclairage 
(CIE) in Which hue and saturation are represented by 
abscissa chromaticity x and ordinate chromaticity y, respec 
tively. Due to a loW color purity, the color reproduction 
gamut of luminescence of the plasma display is narroWer 
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than that Which is shown by chromaticity of R, G and B 
colors de?ned by an NTSC (National Television System 
Committee) system. 

[0182] Further, not only migration of luminescence 
betWeen display cells, but also a state, in Which lumines 
cence of each color contains a broad range of unnecessary 
light thereby alloWing necessary light to be obscure, 
becomes a factor of deteriorating color purity as Well as 
contrast of the plasma display. Further, the contrast of the 
plasma display is ordinarily deteriorated under such a bright 
condition that external light emitted from lighting equipment 
such as a room light is present, as compared With dark 
condition. This is attributable to the fact that a substrate 
glass, a phosphor and the like re?ect the external light 
Whereupon unWanted light prevents necessary light from 
being conspicuous. A contrast ratio of the plasma display is 
from 100 to 200 under dark condition and from 10 to 30 
under a bright condition of about l00l>< of environmental 
luminance Whereupon an improvement thereof becomes a 
target to be pursued. The fact that the contrast is loW is also 
a factor of narroWing the color reproduction gamut. 

[0183] In order to enhance the contrast, there is a method 
in Which a neutral density (ND) ?lter is provided in front of 
the display thereby decreasing transmission over an entire 
visible Wavelength region to reduce the re?ection of the 
external light and the like at the substrate glass or the 
phosphor. HoWever, in this method, When the visible light 
ray transmittance is extremely loW, luminance and sharpness 
of the image are deteriorated Whereupon no signi?cant 
improvement on the color purity is noticed. 

[0184] The inventors of the invention have found that 
enhancement of the color purity and contrast of the lumi 
nescent color of the color plasma display can be achieved by 
decreasing the unWanted luminescence and the re?ection of 
the external light Which cause to deteriorate the color purity 
and contrast of the luminescent color. 

[0185] Further, the inventors have found that an applica 
tion of a dye is capable of not only adjusting color of the 
optical ?lter to be neutral gray or neutral blue but also 
decreasing the unWanted luminescence and the re?ection of 
the external light Which cause to deteriorate the color purity 
and contrast of the luminescent color. The inventors have 
found that this is particularly conspicuous When the red 
color luminescence is near to orange and that the color purity 
of the red color luminescence can be improved by decreas 
ing the luminescence in a Wavelength of from 580 nm to 605 
nm Which causes such deterioration. 

[0186] In the optical ?lter according to the invention, 
decrease of the unWanted luminescence and re?ection of the 
external light can be conducted by alloWing a dye having an 
absorption maximum in a Wavelength of from 570 nm to 605 
nm to be contained in the shielding body. On this occasion, 
it is necessary that transmission of light in a Wavelength 
range of from 615 nm to 640 nm in Which luminescence 
peak indicating a red color exists is not markedly impaired 
by a ?lter for display. 

[0187] Ordinarily, a dye has a broad absorption range 
Whereupon there is a risk in Which even a dye having a 
desired absorption peak absorbs luminescence in a favorable 
Wavelength as Well by absorbing a trailing end portion 
thereof. When luminescence by Ne is present, orange color 
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luminescence can also be decreased thereby enhancing the 
color purity of the luminescence from RGB display cells. 

[0188] Further, green color luminescence of the color 
plasma display has a broad band and there is a case in Which 
a peak position thereof exists, for example, in a side of 
someWhat longer Wavelength than that of green color 
required by the NTSC system, that is, in a side of yelloWish 
green. 

[0189] The inventors have found that the color purity can 
be enhanced by absorption of a short Wavelength side of a 
dye having an absorption maximum at a Wavelength of from 
570 nm to 605 nm thereby absorb-trimming a long Wave 
length side of the green color luminescence and, further, 
trimming the unWanted luminescence, and/or shifting the 
peak. 

[0190] In order to enhance the color purity of the red color 
luminescence as Well as green color luminescence, it is 
preferable that minimum transmittance of the optical ?lter in 
a Wavelength of from 570 nm to 605 nm is alloWed to be 
80% or less against a required transmittance of the red color 
luminescence at a peak position by using a dye having an 
absorption maximum in a Wavelength of from 570 nm to 605 
nm. 

[0191] When the color purity of the blue color lumines 
cence is loW, the unWanted luminescence is decreased, a 
peak Wavelength is shifted and a dye to absorb bluish green 
color luminescence may be used, in the same manner as in 
the cases of red color luminescence and green color lumi 
nescence. Further, absorption by the dye decreases incidence 
of an external light into the phosphor thereby alloWing the 
re?ection of the external light on the phosphor to be 
decreased. These procedures can also enhance the color 
purity and contrast. 

[0192] As techniques of alloWing a dye to be contained in 
the optical ?lter according to the invention, there are fol 
loWing methods: 

[0193] (l) a method that uses a polymer ?lm in Which at 
least one dye is kneaded in a transparent resin; 

[0194] (2) a method that uses a polymer ?lm prepared by 
the steps of: 

[0195] disperse-dissolving at least one dye in a concen 
trated resin solution of a resin or a resin monomer/ an organic 

solvent; and 

[0196] subjecting the resultant concentrated resin solution 
containing the dye to casting processing; 

[0197] (3) a method that uses a material prepared by the 
steps of: 

[0198] adding at least one dye to a mixture of a resin 
binder and an organic solvent to prepare a coating material; 
and 

[0199] applying the thus-prepared coating material on a 
transparent substrate; and 

[0200] (4) a method that uses a transparent adhesive 
containing one or a plurality of dyes. 

[0201] The term “contain” as used herein is intended to 
include states of being contained in a substrate, being in a 
layer such as a coating ?lm and being in an adhesive as Well 








































