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ANTI-REFLEC: -ON MEMBER, MANUFACTURING METHOD THEREOF,

" AND CATHODE-RAY -TUBE

ield-of the Invention -

" This ‘invention relates ﬁb'an anti-reflection

membér and man“iacturing method tﬁéréof, and relates to

lbeé having a front panel applied with

such ant1 ref;ectlon member.

Desc;zptlon of Related Aﬁt

For :example for conventiénal cathode ray tubes

_ ifdisplayed on the-géthode ray tube is
viewed not clearly because external light is reflected

on tée panel face, that is a_ﬁf#ﬁlem of conventional

cathode fay tul On the other hand, the potential of

the ﬁanei surf; e-changes because of high voltage

applled on thei}luorescent screen. formed on the inside

surface of th” “'nel.of the cath fe ray tube. As the

result,_dusts adhe:es on the panel urface, and the
panel causes a human body when

apprqachlng. Tq;brevent such phenomena, it is fequired

tatic function o panel surface. In

addition, it‘ibfalso important t ide

elecﬁromagneti;;fadiation shield function so as not
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to release electromagnetic Wave'f?pm the cathode ray
tube. As a method for solving ayi;the technical

problems as described hefein'abdﬁé} a technique in which

‘an anti-reflection member havingicbnductivity is applied

on the panel surface has been khéﬁh._

Such an anti-reflectib’jﬁémber comprises a
laminate composed of a substraté;?;ard coat layer, and
multilayered reflection preventiég_bptical thin £ilm.

The substrate consists of, for eiémplé, polyethylene-

terephthalate (PET) or polycarboﬁ$t§ (PC),land a hard

coat layer consisting of, for ex@@?;e, polymethyl-
methacrylate (PMMA), is formed 6ﬁ the surface of the
substrate because the surface isgsﬁsceptible to
touching. 1In the case that it is not necessary to
provide ‘antistatic function anduélgctromagnetic
radiation shielding function to ;ﬂ;énti—reflection

member, at least two layers of dielectric thin film

consisting of $i0, $i0,, TiO,, %r0j,
example, lamination structure such as a high refractive
index film/low refractive index film/high refractive

index/low refractive index film - 5)_are formed on the

hard coat layer. Materials havin igh refractive index

(having a refractive index of 1.8 to 2.7 at around the

wave length of 550 nm) such asfini;;Zroz, Ta,05, and
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Y,05; are excellent in adhesion wipﬁ“hard coat layer
consiéting of polymethyl-methacryi&teﬁ

On the other hand, in tﬁé.cése that it is
necessary to provide antistatic fﬁﬁétion and
electromagnetic radiation shieldinéjfunction to an anti-
reflection member, it is p:eferabié'to structure a
reflection preventing optical thin film by laminating a
transparent conductive oxide film and a thin film
(referred as to low refractive iﬁdgx film hereinafter)
consisting of a mate:ial'having lower -refractive index
than that of the material used for the trahsparent
conductivé oxide film. By strgct@ring the reflection
preventing optical thin £ilm as déécribéd herein, not
only antistatic function and elebﬁrgmagnetic radiation
shielding function due to transpé;ept conductive oxide
film is provided to the anti—refiéétion member but also
anti-reflection function due to tﬁ§ high refractive
index f£ilm/low rgfraétive index-gi”mzstructure is

provided simultaneously, thereby, ‘structure of a

reflection preventing optical th: ilm is simplified.

As an example of the; transparen nauctive oxide film-
includes ITO (I,0; doped with 8 m (refractive index
is 1.9 to 2.0). On the other%hg és examples of the

low refractive index £ilm includeé i§i0, £ilm (refractive
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index = 1.46 at 550 nm) and MgF, (refractive index

= 1.38 at 550 nm),
Usually, -by repeating th ,film forming
process, namely, ITO film/low re"r étive ihdex £ilm/ITO
film/low refractive index f£ilm .. ~a hard coat layer
formed on a substrate, an anti—r: ection membef is
provided with éxcellent anti-refle ?ibn.function in the
Qide wave length.range from 450 EQ 650 ﬁm. A schematic

partial cross-sectional view of the anti-reflection

member having such structure is §n§yn in Fig. 4A. 1In

Fig. 4A, a reflection preventing”égﬁical thin £ilm
having four layer structure is shéﬁp, the first layef
and third layer consist of ITO fii@; and the second and
fourth layer consist of low refﬁaqgive index £ilm.
Usuélly,:ITo film is formed by ép?ggering using a target

of oxide ITO. An ITO £ilm is formed under the

. spattering condition that the composition of such. ITO

target is, for example, In203/Snd

90 parts by
weight/10 parts by weight, target current demsity is 2
W/cm?, and others are Ar/0, = Soé ume $/50 volume %,

and 0.2 Pa.

It is reported that th ystallization

temperature of ITO ranges from i o 200%. Therefore,

to improve the adhesion (adhesio tength) to a hard
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coat layer, it is desirable to heat .the substrate to a

temperature of 120% or higher. H 'er, such heating

of a substrate can ‘cause thermal damage such as

deformatlon of the substrate consisting of plastic
material. Heating of a hard coat';éfer“coﬁsisting of
polymethyl-methasiylate to a tempefgfuré of:100% or
higher can cause the reduction of'gas hardness.

Recently, ITO film formsd;bnja'sdlor filter is

used as transparent electrode for gmflat.panel display
of liquid crystal display devices. “Such ITO £ilm is
formed by DC magnetron spattering.using ITO target. ITO
£ilm formed by.such method is excelient in resistivity,
wet etching performance, and reproggcibility of
characteristics.' However, ITO filﬁ&forméd on a hard
coat layer by DC magnetron spatteréhg using an ITO
target is insufficient in adheSion;strength.to the hard
coat layer. -

The inventors of the present invention

proposed a new anti-reflection member comprlslng a

lamlnate of a substrate, hard coat ayer, and
multilayered reflection preventing bptical thin films in

Japanese Patent Applicatidn Hei 7-170925 (application

date: July 6, 1995). A schematicipartial cross-

sectional view of the anti-reflection member having such
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struﬁfuré is shown in Fig. 4B. ifﬁéféubstrate of the

anti—feflection member consists 5fiéfqr example,
polyethylene-terephthalate (PET{fanéwpolycarbonate (PC),

a hard coat layer consisting of,?fég”example,

polymethyl-methacrylate (PMMA) iéff 7méd thereon. To

provide antistatic function and"é_,¢ﬁfomagnetic_
radiation shielding function to-gﬁg;anti-reflection
member, the anti-reflection membegéﬁas the first layer
of the reflection preventing opticqi thin film
comprising a conductive light absﬁpﬁing £ilm, and the
second layer of the reflection pééiénting optical thin
film consisting of a material hg?ing lower refractive
index than that of the matérial-QSéd to structure the
first layer. |

' The conductive light abQthing film consists
of a material selected from the.gfbﬁp composed of Ag,
Ru, TiN; (X = 0.3 to 1), TiOzNy (wherein X = 0.3 to 1,

¥<l, and Y = X), TaN, (wherein X=0.2 to 1), Pt, Al, Cu,

i—-A

Ta, Ni-Cr, Cu-Al, Cu-Zn-Al, Cu-Ni<Al and Cu-Sn-Al, and

the thickness ranges from 4 to 49 _ .On the other

hand, the second layer of the reflection preventing

optical thin film consists of § *Mng. The above-

mentioned material to be used for conductive light

absorbing film has a characteri hat light



absorption coefficient changes de ;eptly on wave

length. Reflebﬁiqn is prevented ‘the wide range of
wave length, §QEVention of lighﬁfw i the wide range of
wave length (4§pftb”650 nm) is péé ible even if the
reflection pre&énting optical th: -ilm has a two layer
structure. Thg'light transmitté' f these materials
ranges from 70 t? 90 %, hoﬁever,_pegause ﬁhe two layer
structure can be:used for the reﬁiéétion preventing
optical thin film, therefore the low light transmittance
of the conductive light absorblng fllm does not cause
any problem.

However, it was found Ehé% the adhesion

(adhesion strength) of such conductlve light absorbing

£ilm to a hard coat consisting of _olymethyl—
methacrylate was insufficient.
Therefore, it is the object of the present

invention to provide an anti-reflection member provided

with antistatic function and electromagnetic radiation

shielding function and having a reflection preventing

optical thin £ilm excellent in a ion to a hard coat

layer, and a manufacturing method 'thereof, in addition,

a cathode ray:tﬁﬁ&jhaving-a froﬁ. nel applied with

such anti-reflection member.

This.Sheet Has Been Reilace
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8
SUMMARY OF THE INvE&TION
A anti-reflection membé?;iﬁ_accordance with
the first embodiment of the preséétéinVehtion for

achieving the above mentioned objgcg is the anti-

reflection member comprising a ggm;ﬁétg of substrate,
hard coat layer, and reflection_éié&énting optical thin
fi;m having at least two layers,'whérein

the first layer of thé;?eﬁlection preventing
optical thin film in contact with;the hard coat layer
consists of transparent conducti&é'bkide film formed by
reactive physical vapor phase dep@sition, and

the second layer of the;reflection preVenting
optical thin film consists of a material having a lower
refractive index than that of thgffirst layer.

A manufacturing method.df_an anti-reflection
member in accordance with the first embodiment of the
present invention for achieving th¢°abo§e-mentioned
6bject is the manufacturing methqdngf_an_anti—reflection'

member comprising a. laminate of sﬁ"gérate, hard coat

layer, and reflection preventingf; cal thin film
having at least two layers, wher

the first layer of th ection preventing
optical thin £ilm in contact wi gﬁard coat layer

consists of transparent conduct xlde film, and

This.Sheet-Has Been R

HIIIIH It llll
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the second layer of thegééﬁlection preventing
optical thin film consists of a mé#?rial having a lower
refractive index.than that of the fﬁfst layer, and

| the txanéparent cbnductivg oxide film is

formed by reactive physical vaporféiase deposition.

Wherein, the "transparené“ of the transparent
conductive oxide film means the ab%grption coefficient «
based on Lambert's law of 0 to 0;3;3preferably, 0 to 0.2
when a light witﬁ a wave length of 550 nm is
transmitted. The "conductive" ofJgge transparent
conductive oxide:film means the-&éiﬂe of resistance
measured by eddy current method of;l x 10 to 1 x 104
Q/0, preferably, 1 x 10 to 5 x 10?‘3"0/!:1. |
' in the.anti—reflection'mémber or the
manufacturing method thereof in théﬁfirst embodiment of
the present invention, examples of}}he reactive physical
vapor phase deposition, namely, ph¥$ica1 vapor phase

deposition (PVD,prysical Vapor’p§§¢éition) accompanying

chemical reaction between at least partial material to

be deposited on the hard coat layer ‘and the material

used for the hard coat layer, include;

(A) various vacuum depo: ion such as electron

" beam heating, resistance heating é flush deposition,

(B) plasma deposition;

. This Sheet Has Been Reﬂlaced o

AV
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(C) various épattering sﬁ‘q:as bipolar

spattering, DC spattering, DC magn

gonjspattering, high
frequency spattering, magnetron bgering, ion-beam
spattering, and bias-spattering, :

(D) various ion-platin  :as DC method, RF
method, multi-cathode method, ac on reaction

method, HCD method, electric field-deposition, high

frequency ion-plating, and react”vé'ion—plating,
wherein among these méy:_ﬁé, reactive
spattering using a metal or allo§ §§rget, in detail, DC
magnetron spattering is preferabi}iused. In this case,
a target consisting of Sn, Zn, Iﬁ,;OI In-Sn alloy is
preferably used. When Sn is used5;s a target, a
transparent conductive oxide filﬁfgbtained by reactive
physical vapor phése_deposition éaégists of SnO,. When

Zn is used as a target, a transparént conductive oxide

film obtained by reactive physical vapor phase
deposition consists of ZnO. Whe 3gis used as a
target, a transparent conductive de film obtained by

reactive physical vapor phase de iion consists of

‘In,05. Further, when In-Sn is used as a target, a
transparent conductive oxide fil tained by reactive

physical deposition consists of T Spattering is

This Sheet-_‘I__-Iﬁs Been Replaced
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spattering. On the other hand, spatterlng is carried
out in an Ar+02 (content of O,. 1s 0 to 30 volume %)
atmosphere for conventional spatté;;ng using an oxide
target.

To improve the adhesibn;tbga hard coat layer,
it is preferable that an element (féferred to as element
B) having thg same or- higher affihity with oxygen as an
element (referred to as element A“bereinafter) which
constitutes the transparent conducﬁive oxide f£ilm is
qontained in the transparent condﬁqtive oxide film. 1In
general, the affinity of an elemenf.to oxygen can be
estimated from the standard free energy of fbrmatibn of
the oxide. 1In other words, an oxide having smaller |
standard free energy of formation fcfms oxide eésier.
Though it depends on the element'A; an example of the
element B includes an element selected from the group

composed of Ti, %Zr, Al, Mg, Si, Cr, W, Fe, and Mn.

'Examples of combination of the e ent A and element B

are listed in Table 1. 'The raE. lement B/(element A

+ element B) (in atomic ratio)fi 1 to 0.1,

preferably 0.005 to 0.05. e
heet Has Been I\eilac.ed
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Element A Element B
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Sn Cr, Ti, Al, Zr

Zn Cr, Ti, Al, Zr
In Cr, Ti, Al, Zr
In and Sn Cr, Ti, Al, Zr

In the manufacturing method of the anti-
reflection member in accordance with the first
embodiment of the present invention, a material
consisting of the second layer of the reflection
prevention optical thin f£ilm may be a material having a
refractive index of about 1.7 or sméller, examples
include Si0,, §iO, MgF,, CaF,, LaF,;, NajAlFg, NagAlsFl,,
NdF,;, LaF,, CeF,, BaF,, NaF, SrEz, and Al2 O4, among
these materials, Si0O, or MgF, is pieferably ﬁsed.

It is preferable that the hard coat layer
consists of a material which contains oxygen as a
constitueﬁt element.- In detail, the hard coat layer may
be ‘an organié £ilm consisting of a resin-based material
selected from the gtoup composed 6f’silicon-based
material, polyfﬁnctional acrylateii?sed material or
urethane resin-based material, meiéhine resin-based
material, and epoiy resin-based-m%ﬁérial, and may be an

organic-inorganic film. Examples:of silicon-based

material include co—hydrolysates of tetra—-alcoxysilane
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or alkyl-trialcoxysilane and silahé?doupling agent

having functional group such as ep xy group or methacryl

group. Examples of polyfunctional iacrylate-based

material include, for example, poi éi-acrylate,

polyester-acrylate, urethane-acrylate, and epoxy-

acrylate. Furthermore, an examplé . urethane resin-
based material includes, for examé;é, melamine-
polyurethane. The hard coat layéf{consists preferably
of acryl-based material, more prefé}ably in detail for
example, polymethyl-methacrylate (EMMA). An example of
organic-inorganic film includes aqigl-silicon.
Otherwise, the hard coat layer of Siganic-inorganic £ilm
ﬁay be formed from colloidal siliéé_in a form of
hydrophylic sol or lipophilic sola;'The hard coat layer
may be formed by various methods ﬁé;-coating a material
such aé dipping coating, spin coaﬁg@g, spray coating,
and flow coating followed by dryiﬁﬁ;gnd thermosetting or
ultraviolet ray curing. : 

In the manufacturing megﬁ@d of the light
reflection prevention member in aééé:dance with the

first embodiment of the preéent in

ition, the anti-

reflection member may be manufactﬁn a continﬁous;y by a
process in which substrate compriE ‘a roll film, the

film on which a hard coat léyer ha been formed
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previously is unwound, the first=i yer comprising a

formed on the hard

transparent conductive oxide filmf _
coat layer by reactive spatteringfﬁéihg'a metal or alloy

target, subsequently the second la ”r;pf reflection

preventing optical thin film is formed on the first

layer by spattering, then the fi omprising the

reflection preventing optical thiﬁ film formed on the
hard coat layer is wound.

In the manufacturing pr§Eéés of the anti-
reflection member in accordance w;iﬁ the first
- embodiment of the present inventiéé? a Sno, 1aye£, Zno0
layer, I,O; layer, or ITO layer is;§¢rmed on the second
layer of the reflection preVentiqé!gptical thin £film,
thereon a si0, layer or MgF; layefﬁis formed, further,
these tow layers may be 1aminatedﬁpﬁe'above another
alternately. 1In detail, for.exam5ié, the reflection

preventing optical thin film may have a structure such

as ITO layer/SiO, layer/ITO laye.':""o2 layer/.../ITO

layer/sio, layer, Sno, layer/sio, Ia'yér/SnO2 layer/SiO»
layer/.../sno, layer/si0, layer, -ho layer/sio,

layer/zZno layer/sio2 layer/.../ZnQ lgjyer/s-io2 layer.

Otherwise, the structure may comprise m~th layers (m is

odd numbers) consisting of the s different

materials selected from the group composed of SnO,, ZnO,
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1,05, and ITO, and n-th layers (n 1s even numbers)
con51st1ng of the same or dlfferent materlals selected
from the group composed of SiO, and Mng (for example,

Sn0, layer/SiO, layer/ITO layer/8102 1ayer) In this

case, a Sn0,, Zn0 layer, I,O, laye
(2N-1)th layer (wherein 1 < N) mayfge formed by, for
example, either reactive spatterinéVOr conventional
spattering using an oxide target.

The anti-reflection membe? in accordance with
the second embodiment of the invention for achieving the
~ above-mentioned object comprises a“iaminate of
substrate, hard coet layer, and reflection preventing
optical thin £ilm having at least three layers, wherein

the first layer of the reﬁiection preventing
optical thin film in contact with ﬁhe hard coat layer
consists of transparent oxide film:fdrmed by reactive
physical vapor phase deposition, aﬁd |

the second layer of the reflectlon preventing
optical thin £ilm consisting of. conductlve light
absorbing film, and E

the third layer of the ﬁéflection preventing

optical thin film consists of a me erial having a lower

refractive index than that of the second layer.

This Sheet Has Bc,en Replaced .
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The manufacturing methoéféf the anti-
reflection member in accordance wiﬁfuthg second
embodiment of the present inventi$ﬁ for achieving the
above-mentioned object is the man@%géturing method of an
anti-reflection member comprisingfézlaminate of a
substrate, hard coat layer, and ré iéction preventing
optical thin film having at leastf@hfee layers, wherein

the first layer of the rgflection preventing
optical thin £ilm in contact with_s?id hard coat layer
consists of transparent oxide film,iand

the second layer of thé £§flection preventing
optical thin film consisting of c§ﬁdpctive light
absorbing £ilm, and -

the third layer of the reflection preveniing
optical thin fiim consists of a mhgerial having a lower
refractive index than that of theﬁéecond layer, and

the transparent oxide f@imzis.formed by
reactive physical vapor phase depbg‘tion.

Wherein, the "transparent" of the transparent

conductive oxide film means the a_:::ption coefficient «

based on Lambert's law of 0 to 0.3, preferably, 0 to 0.2

when a light with a wave length 50 nm is
transmitted. The "conductive" o transparent

conductive oxide film means the value of resistance

This Sheet Has Been Reﬂlaced

T
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measured by eddy current method of 1 x 10 to 1 x 104
Q/0, preferably, 1 x 10 to 5 x 103 Q/EL. Further, the
"light absorptive" of the conduct;ye_;;ght absorbing
film means the absorption coefficié&%_offo to 0.5 when a
light of 550 nm is transmitted, preferably 0.1 to 0.3.

In the anti-reflection member or the
manufacturing method thereof in accordance with the
second embodiment of the present 1nvent10n, the same.
reactive physical vapor phase depcéifion as_described in
the anti-reflection member or the“manufactufing method
thereof in accordance with the.first embodiment of the
present invention may be used, among these methods,
reactive Spattering using a metal or alloy target , in
detail, DC magnetron spattering is;preferably used.

The thickness of the tragaparent oxide film.
may be arbitrary as far as the thickness does not
influence adversely on the anti—rcfiection effect, but
generally, the thickness is 1 to 2@¥nm in average

provided on a hard coat layer. Thé;transparent oxide

film is formed only to improve thcnvaheSion between the
second layer of the reflection pré_gnting optical thin
film and the hard coat layer. o

In the anti-reflection ééﬂ é; or the
manufacturing method thereof in aé. ;dance with the

Sheet Has Been Rerlaced

TV
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second embodiment of the present invention, the

transparent oxide film consists pr zerably of at least
one material selected from the group composed of Zr0,,

Ti0,, SiOy (whe?ein X=1to 2), S: ”ﬁy (wherein X = 1 to

2, ¥ = 0.2 to 0.6), and CrOy (whergin X = 0.2 to 1.5).
When reactive gpattering is used éﬁithe reactive
physical vapor phase deposition, é"target consisting of
Zr is used for ‘forming ZrO, f£ilm, a target consisting of
Ti is used for forming TiO, film, értarget consisting of
Si is used for forming SiO, (wheréiﬁ X =1 to 2) film or
§10,N, (wherein X = 1 to 2, and ¥ = 0.2 to 0.6), and a
target consisﬁing of Cr is used for forming CrOy film.
The transparen# oxide film may be provided with
conductivity. = For providing'cohdqétivitﬁ, the
transparent oxide film may consisﬁipf SnO,, ZnO, In,03,
or ITO, and thé.film is formed byfieéctive physical
vapor deposition in the same mannéf”as described in the

description of the anti-reflection 1

manufacturing method thereof in accordance with the

first embodiment of the present

To improve the adheéiéq , a hard coat layer,
it is pfeferaﬁ}e that an elem@ﬁéf ferred to as element
D hereinafter) having the samé.éff ‘gher affinity with

oxygen as an element (referreé ié ﬁ element D

* This Sheet Has Been Re‘rlace'd _

i
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hereinafter) which constitutes the gransparent oxide
film is contained in the transparéﬁt oxide film. Though
it depends on the element C, an exaﬁples of the element
D includes an element'selected froﬁ;the group composed
of T7i, Z2r, Al, Mg, Be, Si, Cr, W,_Eg; Mn, and Sn.
Examples of combination of the element C and element D
are listed in Table 2. The ratio element D/(element‘c

+ element D) (in atomic ratio) is d;OOl to 0.1,

preferably 0.005 to 0.05.
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Table 2

Element C N ?1ement D

Zr ﬁg’ Be

Ti ._El: Zr, Be

si | Ti, Al, Zr, Be

cr si, Ti, Al, zr, Be

In the anti-reflection member or the
manufacturing meﬁhod thereof in accordance with the
second embodimenﬁ:of the present iﬁyention, the
conductive 1iqhtfabsorbing film consists preferably of
metal, alloy, meﬁal nitride or metal oxide-nitride.
Wherein, nitrideé of alloy and nitﬁide-oxides of alloy

are included in_,
oxide-nitride". }in detail, examplé? of material to be
used for the cgnéuctive light abso:bing film include
materials selected from the group q?mposed of Ag, Au,
TiNX (X = 0.3 j:o-l),_TioxNY (whereiéﬁx = 0.3 to 1, ¥ <
1, and Y S X), TaNy (wherein X = 0.2 to 1), Pt, Al, Cu,
Ta, Ni-Cr, Cu-élﬁiCu-Zn—Al,_Cu-Ni%K;jand Cu-Sn—-Al.
Oxygen and Nitibébn happen to be trapped occasionally

during forming”ofjthe conductive Lféﬁt absorbing £ilm

herein, this

consisting of @etal or alloy, howé§ j

conductive light absorbing film ié;_ fined as the
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conductive light absorbing film cdﬁéisting of metal or

alloy.
In the anti-reflection member or the

manufacturing method thereof in a :dﬁﬁbe with the

second embodiment of the present i nﬁibn, examples to

be used for the third layer of the lflééfion preventing

optical thin film include S$i0,, M CaEz} LaFj,

Naj;AlFg, NdF,, LaF,;, and Al,0,, amo

"'Eﬁgég materiais,
Sio, or MgF, is preferablf used.f.:=§.h§;d coat layer
may consist of the same materiai é fﬁesétibed in the
description of the reflection preﬁéﬁtiné member or the
manufacturing method thereof in agégrdance with-the
first embodiment of the present iﬁ?éntion, among these
materials, in detail, the hard coaﬁ*layer consists
preferably of polymethyl—methacryiéﬁe (PMMA);

In the manufacturing méﬁﬂqd of the light
reflection prevention member in a§é6rdance with the

ﬁention, the anti-

second embodiment of the present?i
reflection member may be manufac ed continuously by a
process in_which substrate compriéé a roll film,-the

film on which a hard coat layer"hg been formed
previously is unwound, the first laye

transparent oxide film is formed ‘on the hard coat layer

by reactive gpattering using a m §ﬁ:alloy target,
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subsequently the second layer off?“:iection preventing

optical thin film comprising the ¢ ductive light
‘absorbing film is formed on the fim”; '
spattering, then the third layer ﬁfﬂ
preventing optical thin £ilm is f§ éd on the second
layer by spattering, finally the f ?m comprising the
reflection preventing optical thiﬁffilm formed on the
hard coat layer is wound. |

In-the present inventioé;_the substrate may
consist of any méterial as far asjfhe material transmits
light. A material to be used for.ihe substrate may be
selected dependently on required,gfécification and
application field of the anti—refle¢tion'member, and may
be selected from plastic materiaisﬂqr glass materials.
When plastic materiai is selecte@ftp form the substrate,
examples include; for example, p@iggthylene—

terephthalate (PET), polycarbonat@Q(PC), polypropylene

(PP), polymethyl-methacrylate andu¢§pqumer'thereof,

unsaturated polfester, aéry;onit ile-styrene copolymer,

vinylchloride;1901yurethane, epo esin, and cellulose-
based resin such as.triacetyl—ce :pse and diacetyl-
cellulose, among these materials 'alyethylene-
terephthalate (BET) or polycarbo g (PC) is preferably

used. The form of the substrate ;j be f£ilm, sheet, or




23

plate dependently on required specification and
application. The thickness of the_substrate is not
limited, and may be seleéted dependently on required
specification and applicatioﬁ. A hard coat layer may be
formed on the back side (the side én which the
reflection preventing optical thin film is not formed)
of the anti-reflection member dependently on application
of the anti-reflection member.

Examples of application of the anti-reflection
member in accordance with the firsf embodiment and the
second embodiment of the present invention include, for
example, application on the panel surface of cathode ray
~ tubes, and the surface of picture display portion of
liquid crystal displays, plasma displays, and EL
displays, and for example, application as filﬁer to be
provided in front of a cathode ray tube and application
on the surface of various optical lenses. For example,
on the back side (the side on which the hard coat layer
is not formed) of the-anti—reflectéqn member in
accordance with the first embodimeﬁﬁ and the second

~an adhesive layer

embodiment of the present invention,
or pressure sensitive adhesive laY¥  is formed, and the
anti-reflection member may be appl;ed on the panel

surface of a cathode ray tube withfinterposition of such
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adhesive layer or pressure sensitiiéladhesive layer.
When, by applying the anti—reflectﬁén member with
pressing thereon in vacuum, érap :né,of air between the
anti-reflection member and the panﬂ;jsurface of the
cathode ray tube is prevented. Fuiiher, ultraviolet-
curing resin adhesives are also uSéﬁ-effectively.

On the uppermost layer ofithe reflection
preventing 6ptical thin £ilm, a laiér consisting of
fluorine-based material such as poi&tetra-
fluoroethylene, tetrafluoroethylenééperfluoro—alkyl—
vinyl-ether copolymer, polychlord—giifluoroethylene,
tetrafluoroethylene-ethylene copoljiér, chloro-
trifluoroethylene-ethylene copolymé?; polyvinylidene~
fluoride, and polyvinyl-fluoride mé} be formed to
prevent staining with fingerprintsf; In this case, the
thickness of-the layer may be 3 toinO nm so as not to
influence adversely on the refléctién preventing effect.

Film thickness of the fifép layer and the

second layer of the reflection preventing optical thin

£ilm of the anti-reflection membe? accordance with

the first embodiment of the preseﬁt nvention, or film
thickness of the second layer and £Hé-third layer of the

im of the anti-

reflection preventing optical thin

reflection member in accordance wi the second
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embodiment of the present inventie may be determined

according to the £ilm thickness dg ﬁin;ng method based
on two layered structure with V-shape structure and W-

shaped structure comprising what

called (A/4-2/2)
film or the f£ilm thickness determ; h;méthpd based on
three layered structure comprisinéﬁwhé& is called (A/4-
A/2-2/4) film, L

In conventional art,_anfiiﬁ-layer is formed by

spattering using a target of oxidéfiTO. On the other

hand, in the anti-reflection membéifor the manufacturing

method thereof in accofdance with'ﬁhe first embodiment
of the present invention, the trahéﬁa:ent conductive
oxide film which is the first 1ayef1of the reflection
preventing optical thin £ilm in cé@ﬁ&ct with the hard
coat layér is formed by reactive pﬂySical vapor phase
deposition.l When reacti?e spatte?iﬁg using a metal or
alloy target is used as reactive Qﬁyéical vapor phase
deposition, the spattering is carr‘gd out under a

spattering condifion of insufficiéntroxygen unlike

conventional spattering technique: :hich'a oxide

target is used. 1In this case, when'spattered particles
are deposited on a hard coat layer mpletely oxidized
particleé are not deposited on a'h dfcqat layer, but

partially active metal or alloyésbattered particles are
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deposited on a hard coat layer andﬁféact with oxygen

atoms in molecules which forms thé hérﬁ'coat layer, thus

the reaction results in chemical strong: adhesion. As

the result, the adhesion (adhesior s#féhgth) between the

transparent conductive oxide fil hérd coat laYef is
improved. 1In the anti-reflection: ‘mber in accordance
with the first embodiment of the présent 1nventlon, the
combination of the transparent conductlve oxide film
with the second layer leads to the effectlve prevention
of llght reflection, on the other hand, transparent
conductive oxide film provides antystatlc function ana
electromagnetic radiation Shieldihé-function to the
anti-reflection member. .ﬁ

In the case that elements which form the
conductive light absorbing £ilm haﬁe'no or little
affinity with oxygen in molecules which form the hard

coat layer, adhesion between the ééhductive light

absorbing £ilm and hard coat 1ay¢f;i§ considered to be

insufficient. On the other hand, n the anti-reflection

member or the manufacturing method 'thereof in accordance

with the second embodiment of the:p ééent invention, the -

transparent oxide film which is the first layer of the
reflection preventing optical thi; m in contact with

the hard coat layer is formed by ion physical vapor
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phase deposition. When reactive spattering using a
metal or alloy target is used as rééctive physical vapor
phase deposition, the spattering is'carried out under a
spattering condition of insufficient oxygen unlike
conventional spattering technique in which a oxide
target is used. 1In this case, when spattered particles
are deposited on a hard coat layer, completely oxidized
particles are not deposited on a hard coat layer, but
partially active metal or alloy spéttered particles are
deposited on a hard coat iayer and react wiﬁh oxygen
atoms in molecules which forms the hard coat layer, thus
the reaction results in chemical séfong adhesion. As
the result, the adhesion (adhesion étreng;h) between the
transparent oxide film and hard coat layer is improved.
In the anti-reflection member in accordance with the
second embodiment of the present invention, the
combination of the conductive light absorbing film with
the third layer leads to the effective preventidn of
‘l;ght reflection, on the other hand, conductive lighE
‘ébsorbing £film provides antistatidgﬁunction and
electromagnetic radiation shieldiﬁé;function to the
anti-reflection member. The transﬁarent oxide film is
provided with anti-reflection funqgion by adjusting the

film thickness of the transparent oxide film. The
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transparent ox;dé.fiim is provided with antistatic
function and ei§¢trbmagnetic radiéﬁign shielding

function by using a conductive traﬁsparent oxide film,

BRiEF DESCRIPTION OF THE DRAWINGS

Fig.glwis'a schematic partial cross-sectional
view of the anti-~reflection member 6f Example 1.

Fig. 2 is a schematic partial cross-sectional
view of the éntiéréflection member of Example 2.

Fig. 3 is a schematic diagram of a spattering
equipment suitable for continuous manufacﬁuring of the
anti—reflectioh member of the present invention.

Figs. 4A and 4B are a schematic partial cross-
sectional view;pf a conventional anti-reflection membef,
and a schematic partial cross-sectional view of the
anti-reflectionfﬁember proposed by the applicant of the
present inventiqp in Japanese Patent Application Hei 7-

170925 (1995).

DETAIL DESCRIPTION OF PREFERRED EXAMPLE
The present invention_wi#ifbe described in
detail hereinafter based on examplgsfreferring to the

drawings.
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Example 1

Example 1 relates to the ﬁi—reflection

member and thgfmgnufacturing-metho' hereof in
accordance with;ﬁhe first embodiment of the present
invention. In Table 3, target materials and film

forming conditions for reactive sﬁafﬁéiing (in detail,

DC magnetron spéftering) are showﬁ':;A schematic partial
cross-sectlonal view of the obtalned anti-reflection
‘member is shown?ln Fig. 1. 1In Flg 1, the first layer
of the reflecﬁiép preventing optiqgﬁhthin film is a
transparent coﬁdﬁctive oxide £f£ilm (#ﬁickness is 15 nm)
formed by reactive. DC magnetron spéﬁtering. The second
layer of the reflectlon preventlng optlcal thin £film is
a Si0, film with a thickness of 20 nm formed by

conventional spatterlng using a ta;ggt of oxide. The

third layer of the reflection prevéﬁting optical thin

£ilm is a tranéﬁarent conductive oxide film (thickness

is 100 nm) formed by reactlve DC magnetron spattering

under the same condltlons for form'“gnthe first layer.

eventing optical

thin £ilm is afﬁ 0, film with a th}ckﬁess of 85 nm

formed by conventional spattering 'The hard coat. layer

consists of PMQQQ The substrate ists of PET. Film
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forming spatterxng conditions for formlng the second

layer and the fourth layer are showg herein under .-

Target : 8i0,
Power den : 5 Wem?
Atmospher: : Ar

Atmosphefié*pressure: 0.2 Pa

A antiéreflection member;having the same

structure waszpfepared by conventional method. In

detail, as to t;e conventional method shown in Table 3,

the first 1aye§€pf the reflection ﬁreventing optical

thin £ilm is“afgyansparent conductive oxide film

(thickness is_lélnm) formed by DC magnetron spattering
using a target of oxide. The second layer of the
reflection preventlng optical thin film is a Si0O, film
with a thlckness-of 20 nm formed by conventional
spattering u51ng a target of oxide. The third layer of

the reflection preventlng optical thin layer is a

transparent condyctlve oxide film (thickness is 100 nm) -

formed by DC ﬁa netron spattering using a target of

oxide. The fo "th layer of the reflectlon preventing
optical thin fh,. is a 8i0, film w1th a thickness of 85
nm formed by conventlonal spatterlng using a target of

oxide. The su'“

rate consists of QET. The same £ilm

forming conditions as used in Examﬁie 1 were used for
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forming the second layer and fourthf}ayer. Film forming
conditions for forming the third iéjér by spattering are

shown herein under.

Target : ITO
Power density : 5 Wem?
Atmosphere gas : Ar

Atmospheric pressure: 0.2 Pa
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Table 3
mospheric Atmos- | Ratingof
Bxample | Target material |sondutive: ggaiv;%; %ﬁ:&t)mng” 51!‘?33“ i
W/ emd) (Pa)

1 In-Snalloy | ITO 4 0. 2| 4
In-Snalloy | ITO 4 0.2 4
" In-Snalloy | ITO 2 0.2 4
In-Snalloy | ITO 2 0.2 5
Snmetal |SnO, 4 0.2 5
Snmetal | SnO, 4 3 0.2 5
- Snmetal | SnoQ, 2 0j100] 0.2 5
Snmetal |SnO0, 2 3ol 70| 0.2 5
Znmetal | ZnO| 4 oftool 0.2 3

Zn metal Zno 4 30| 70| 0.2 3.
Znmetal | ZnO 2 “0l100{ 0.2 3
Znmetal | ZnO 2 30| .70] 0.2 3
TTOoxide | ITO 4 “olioo0l 0.2 o
Gowven- | ITQoxide | ITO 4 0l.50{ 021 o0
method | ITOoxide | ITO 2 0.2 0
ITOoxide | ITO| o 0.2 0
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Sliding test was carried?éqt for evaluation of
adhesion (adhesion strength). Théfgliding test includes
following procedures. Four piecéé}?f cotton cloth
impregnated with ethyl alcohol-aréfﬁpuﬁd on & steel ball
‘with a diameter of 20 mm, 3 kgf oﬁéiéad is loaded on the
steel ball and the loaded steel baii is brought into a
contact with the uppermoét layer of a reflecting
ﬁreventing optical thin film placed;flat, and the steel
ball is reciprocated horizontally'Bgtween 10 em
distance. The number of reciprocaﬁion until the steel
ball causes delamination of the rqfiection preventing
optical thin film is measured for féting of adhesion
(adhesion strength). -

The rating result of adheéion (adhesion
strength) is shown in Table 3. Thefadhesion strength
rating of "0" represents thé delami@ating within 5
cycles of reéiprocation. The adhgééqn strength rating
of "1" represents the delaminationiin the reciprocation

ion strength rating

cycle range from 5 to 10. The ad

of "2" represents the delaminationin the reciprocation

cycle range from 10 to 20. The adh éibn strength rating

of "3" represents the delaminatio: ' the reciprocation
cycle range from 20 to 30. The qghqupﬁ strength rating

of "4" represents the delamination. n the reciprocation
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cycle range from 30 to 40. The adhesion strength rating
_of "5" represents no delamination ﬁﬁtil 50 reciprocation
cycles. All delamination of the reflection preventing
optical thin films was caused betﬁéen the first layer
and hard coat layer.

From the Table 3, it is obvious that the
adhesion (adhesion strength) between the first layer and
hard coat layer is greatly improved for the anti-
reflection member manufactured by the manufacturing
method of the anti-reflection membef in accordance with
the first embodiment of the present invention in
comparison with the anti-reflection.member manufactured
by the conventional method. The case in which_DC
magnetron spattering using Si target in okygen gas
atmosphere is épplied instead of RF spattering for
fbrming of second layer and fourth layer gives the same

result.

Example 2

Example 2 relates to thegénti—reflection
member and the manufacturing methoﬁithereof in
accordance with the second embodimé%t of the present
invention. 1In Table 4, target matg%ials and film

forming conditions for reactive spaitering (in detail,
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DC magnetron spattering) afe shown,f.A schematic partial
cross-sectional view of the obtaineé?anti—reflection
member is shown in Fig. 2. 1In Fig,i?,.the first layer
of the reflection preventing optica; thin film is a
transparent oxide film (thickness i§”4 nm) formed by
reactive DC magnetron spattering. -ihe second layer of
the reflection preventing optical tﬁin film is a TiNX
(X=about 0.9) film with a thickness of 10 nm formed by
reaction DC magnetron spattering infé nitrogen gas
atmosphere using a target of Ti. Thé third layer of the
reflection preventing optical thin film is a Si0, with a
thickness of 100 nm formed by conventional spattering
using a target of oxide. The film-forming conditions
for forming the third layer is the éame as those used in
Example 1. The hard coat layer consists of PMMA. The
substrate consists of PET. Film fofming spattering‘

conditions for forming the second layer are shown herein

under.
Target : Ti
Power density s
Atmosphere gas s .'_ 50 % by volume)

Atmospheric pressure:

A anti-reflection member ?ing the same

structure was prepared by conventioqﬁl'method. In
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detail, as to the conventional me@hbd shown in Table 4,

the first layer of the reflection; ;éventing optical

thin film is a transparent oxide Eiim {thickness is 4
nm) formed by RF spattering using”ééﬁarget of oxide.
the second layer and the third lay*i«of the reflection
preventing optical thin £ilm, an&;:q;d coat layef énd
substrate have the same structurééj;s those films in
Example 2.  The structure of the'éﬁfi-reflection member
when the transparent oxide film (tﬁé first layer) is not
provided is the same. PFilm formiqgiconditions for |
forming the first layer by spatteripg are shown herein
under. Film forming conditions foriforming the second
layer and the third layer by spatﬁéging are the same as
those in Example 2.

.Target 3 8i0,, ZrO,,

Power density 4 W/cm?

Atmosphere gas Ar + O, (Qi: 50 $ by volume)

Atmosphefic pressure : 0.2 Pa
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Table 4

‘Target Atmos hemzﬂ Atmos- | Ratin )
Transparent wger concentralion * '} pheric adhes?o!g
Target ; 50 -

conductive ensity . | Dpressure | strength

material oxide film * -
(W/ cm?)| 4

Example

| (Pa)

207} 80| 0. 2
20|80 0.2
20| 80 0.2
20 60| 0.2
20|80 0.2
201801} 0.2

2 Zr Zr 0, 4
Ti | TiOy
Si SiQ;
Si |[510.6Nga
Sn SnoO,
Cr Cr;0;

'8i0; | SiO,
ZrO, | ZrO0,
t‘%ﬁﬂ}ﬁ’“‘ TiO, T iO? '
method SnoO, SnQOy
Cry,03 | Cry0;
Zn0 Zn0

5050 | 0. 2
50- 50| 0.2
50| 50| 0.2
50| 50| 0.2
| 5'.,.0,"'-_- 50| 0.2
50| 50| 0.2

SO N N SO [ Y O S
—_— O OO0 O Ol O i B O

Note: Attgosphere for f£ilm forming bf.-:'S:i-Ol‘5N0.3
Ar/0,/N, = 20/60/20 (volume %)
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For evaluation of adhesiépajadhéSibn

ut in the same

strength), sliding test was carrie
manner as described in Example 1. _Ffém:ﬁhe ;esu1t shown

in Table 4, it is obvious that the adhesion’(adhesion

strength) between the first layer%anﬂﬁhégﬂudbat layer is
- greatly improved for the anti-refié;tion;ﬁémber
manufactured by the manufacturing'méﬁhod'gf_the anti-
reflection member in accordance wfﬁh the S§ébnd
embodiment of the present inventiqnjin comﬁariSon with
the anti-reflection member manufactﬁréd'.by the
conventional method. |

For hanufacturing of the anti-reflection
member in accordance with the first or second embodiment
of the present invention, reflectiQn prevention optical
thin films can be formed continuous}y using a spattering
equipment shown schematically in Fig. 3. The spattering
--equipment comprises a-roll film feeding chamber 20 for
unwinding a roll film 10 on which a hard coat layer is
formed previously, a spattering-ché@ber 30 which can be

brought to a reduced pressure atmosphere, and a roll

film winding chamber 22 for winding 'the film 10. A

" plurality of cathodes 32 is providé&’in the spattering

chamber 30. A target (not shown i ;the figure) is

placed on each cathode 32, oxygen%gasZatmpsphere is
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formed on each cathode surface, thus various thin films
are formed successively on a hard coat layer by reactive
spattering or cohventional spattering.

For manufacturing the anti-reflection member
in accordanpe with the first embodiment of the present
invention using a spattering equipment having such
structure, film 10 on which a hard coat layer had been
formed previously is fed from the roll film feeding
chamber 20, the film 10 is wound around the roller 34'in
the spattering chamber 30, while, the first layer
comprising transparent conductive oxide film is formed
on the hard coat layer by reactive spattering using a
target of metal or alloy, subsequently the second layer
of the reflection preventing optical thin film is formed
on the first layer by spattering, then the £ilm 10
comprising the reflection preventing optical thin £film .
formed on the hard coat layer is wound in the roll £film
winding chamber 22.

For manufacturing the anti-reflection member
in accordance with the second embodiment of the present
invention, £ilm 10 on which a hard_cbat layer had been
formed previously is fed from the roil £ilm feeding
chamber 20, the film 10 is wound around the roller 34 in

the spattering chamber 30, while, the first layer
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comprising transparent oxide film is ermed on the hard
coat layer by reactive spattering uéing a target of
metal or alloy, subsequently the-secbnd layer of the
refiection preventing optical thin'film comprising a
conductive light absorbing film is formed on the first
layer by spattering, subsequently:tﬁé third layer of the
reflection preventing optical thin film is formed on the
second layer by spattering, and then the f£ilm 10
comprising the reflection preventing optical thin film
formed on the hard coat layer is Woﬁnd in the roll £ilm
winding chamber 22.

For example, Japanese Patent Laid-Open Hei 2-
4967 (1990) discloses a method for forming an oxide film
using a metal target. 1In the casefof the spattering
equipment disclosed in the Japanésé Patent Laid-Open, a
station for forming metal layer and a station for

forming oxide film by oxidizing the formed metal layer

.are provided separately. A substrate is passed by these

| ‘metal oxide layers.

stations repeatedly to form desiri

According to the technique disclosed

Patent Laid-Open, the spattering fuipmént is very

complex, the productivity of metal<oxide film is low.
On the other hand, the ftpc?ﬁré of the

spattering equipment shown in Fi fS;isfsimple, and the

4
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high productivity production of the multilayered
reflection preventing optical thin film is possible,
thus the productién cost of the anti-reflection member
can be suppressed to a low level.

On the back side (the side on which a hard
coat layer is not formed) of the substrate of the anti-
reflection member in accordance with the first and
second embodiment of the present invention, an adhesive
layer or pressure sensitive adhesive layer, for example,
consisting of ultraviolet ray curing acryl-based
adhesive is fdrmed, the anti-reflection member is
applied on the panel surface 6f a cathode ray tube with
"interposition of such adhesive layer or pressure
sensitive édhesive layer, then the caﬁhode ray tube
applied with the anti-reflection member on its panel
surface is obtained. Whén, by applying the anti-
reflection member with pressing thereon in vacuunm,
trapping of air between the anti-reflection member and
the panel surfaqe of the cathode ray tube is prevented.
Further, ultraviolet-curing resin adﬁesives are also
ﬁsed effectively.

The present invention has been described based
on preferred examples hereinbefore, however, the present

invention is by no means limited to these examples. The
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‘materials, thitheSs, and structufe'of the reflection
preventing optlcal thln fllms, spatterlng condltlons,

and further, materlals of the substrate and hard coat

layer, and the structure of the spatterlng equlpment for
continuous fllm formxng of the reflection preventlng
optical thin f;;@ are described only for example, and
may be changed!éesirably. B

Accoféing to the anti—refiection member and
the manufacturlng method thereof 1n accordance with the
first embodlment of the present 1nvent10n, the adhesion
between the reflection preventing optical thin film and
hard coat layer;is'greatly improved, and the anti-
reflection membé: having high reliability for cleaning
and use is pfciided. The transparent conductive oxide
film functionsQas a high refractive index layer,
therefore it is-not necessary to f%rm a high refractive
index layer and conductive layer separately, thus the

structure of the reflectlon preve'n;ng optical thin film

and anti-reflection membets are

“low cost level. Moreover, it is not

necessary to use:TiO,, ZrO,, and Ta,0y, which have slow

deposition speec n spattering, and Y,0;, which is

expensive, apj}instead, for examp 5f¢o, Sn0,, ZnoO, and

1,0, can be uéé@ economically, thus' the £ilm forming




43,
cost is suppressed, and the manufacturing cost of anti-
reflection members is reduced.

Also according to the anti-reflection member
and the manufacturing method thereof:in accordance with
the second embodiment of thé presenf'invention, the
-adhesion between the reflection pré?enting optical thin
film and hard coat layer is greatly improved, and the
anti-reflection member having high reliability for
cleaning and use is provided. Further, the structure of
- the reflection preventing optical thin £ilm is simple,
and thin films which constitute the reflection
preventing optical thin film may befthin, therefore it
is possible to manufacture anti-reflection members at a
reduced cost. Moreover; for example, by using reactive
DC magnetron spattering, the £ilm ﬁbrming cost is
reduced, thus the manufacturing coét of anti-reflection

members is reduced.
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WHAT IS CLAIMED IS:

1. An anti-reflection qpﬁiéal element
comprising; |

a substrate,

a hard coat ;ayer,

an anti-reflection film?héying two layers,

the first layer of the anti-reflection film
being formed on the.substrate by vafmethqd, wherein the
first layer is transparent oxide layer, and the second
layer of the anti-reflection film-héving a refractive |
index which is lower than that of'ﬁﬁe fifst layer.

2. The anti-reflection optical element as
claimed in claim 1, wherein said PVD method is a
reactive spattering method using a target of metal or
alloy.

3. 'The anti-reflection QQticél element as
claimed in claim 2, wherein |

said target is Sn, Zn,.Iq! and alloy

consisting of In and Sn.

4., The anti-reflectionz tical element as

claimed in claim 1, wherein an eifment having higher

oxygen affinity than that of the ment mainly

contained in said transparent ox layer.
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5. The anti-reflection optical element-as
. claimed in claim 1, wherein said second layer contains
8i0, or MgF,. |

6. The anti-reflection eggjcal element as
claimed in claim 1, wherein said héfé.coat layer
consists of polymethyl-methacrylaﬁe;'

.7. The anti-reflection bptical element as
claimed in claim 1, wherein a conductive light absorbing
layer is provided between said firet'layer and said
second layer, and said second layer has a lower
refractive index than that of said conductive light
absorblng layer.

8. The anti-reflection optlcal element as
claimed in claim 1, wherein the thlckness of said
transparent oxide layer ranges from 1 to 20 nm.

9. The anti-refiection'dptical element as
claimed in claim 1, wherein said tﬁensparent oxide layer

consists of at least one'material;ﬁelected from a group

composed of Zr0O,, TiOy (X = 1 to 29, .SiOgNy (X = 1 to 2,

Y = 0.2 to 0.6), and CrOg (X = 0.2 1.5).

10. The anti-reflectioﬁ optical element as

claimed in claim 7, wherein said conductive light

absorbing layer contains any one éf- etal, alloy, metal

nitr;de, and metal-oxide-nitride

. This:Sheet Has Been Repl
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11. The anti-reflection optical element as

- claimed in claim 10, wherein said conductive light

absorbing layer contains a material selected from a
group composed of Ag, Au, TiNx.(x = 0.3 to 1), Pt,
TiONy (X = 0.3 to 1, Y <1, ¥ < X), TaNy (X = 0.2 to
1), Pt, Al, Cu, Ta, Ni-Cr, Cu-Al, Cu-Zn-Al, Cu-Ni-Al,
and Cu-Sn-Al.

12. A method for manufacturing the anti-
reflection optical element having a hard coat layer and
multilayered anti-reflecting f£ilm comprising the steps
of; .

forming the hard coat layer on a sﬁbstrate,

forming a first layer of the anti-reflecting
film by PVD method, the first layer being composed of a
transparent oxide layer, and

forming a second layer of the anti-reflecting
film having a refractive index which is lower than that
of the first layer on the first layer.

13. A method for manufacturing the anti-
reflection optical element as claimed in claim 12,
wherein said PVD method is a reactive spattering method
using a target of metal or alloy.

14. A method for manufacturing the anti-

reflection optical element as claimed in claim 13,

This Sheet Has Been Re
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wherein said téfget-is Sn, %Zn, In, and alloy consisting
of In and Sn. |

15. A method for manufacturing the anti-
reflection optieal element as claimed in claim 13,
wherein an elemeﬁt having higher exygen affinity than
that of the element mainly contained in said transparent
oxide layer.

16. A-method for manufacturing the anti-
reflection optical element as claimed in claim 12,
wherein said seéond layer contains SiO, or MgF,.

17; A meﬁhdd for manufacturing the anti-
reflection optieal element as claimed in claim 13,
wherein said hafd coat layer consists of polymethyl-
methacrylate. »

18. A method for manufacturing the anti-
reflection optical element as claimed in claim 12,
wherein a conductive light absorbing layer is provided
between said flrst layer and said second layer, and said
second layer has a lower refractlve ‘index than that of
said conduct1ve~llght absorbing 1ayer.

19. A method for manufacturlng the anti-
reflection optxcal element as clalmed in claim 12,
wherein the th;gkness of said trangparent oxide layer

ranges from 1 to 20 nm. .- e
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20. A method for manufagﬁuring the anti-

reflection optical element as claimed i

consists of at

wherein said transparent oxide lay

least one material selected from a__roup composed of

Zr0;, TiOg (X = 1 to 2), SiO;Ny (X = lrto 2, ¥ = 0.2 to
0.6), and CrOy (X = 0.2 to 1.5).

21. A method for manufdéfﬁ?ing the anti-
reflection optical element as claiﬁs& in claim 18,
wherein said conductive light absdébing layer contains
any one of metal; alloy, metal nit?ide, and metal-oxide-
nitride. |

22, A method for manufactuting the anti-
reflection optical element as claiqsd in claim 21,
wherein said conductive light absdkfing layer contains a
material selected from a group composed of Ag, Au, TiNX
(X=03tol),Pt,TloxNY(X=03tol,Y<l,YéX),
TaNy (X = 0.2 to 1), Pt, Al, Cu, Ta, Ni-Cr, Cu-Al, Cu-

Zn-Al, Cu-Ni-Al, and Cu-Sn-Al.

23. A cathode ray tubcrcomﬁrising;

a glass bulb having a neck portion, a funnel

portion, and a panel portion;
outer surface of the pan

anti-reflection optical element having the structure

described in claim 1.
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24, A cathode ray tube as claimed in claim
23, wherein a conductive light absorbing layer is
provided between said first layer and said second layer,
and said second layer has a lower refractive index than

that of said conductive light absorbing layer.
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