ANTI - REFLECTI ON MEMBER, MANUFACTURI NG METHOD THEREOF, AND CATHODEFS#Y =+ UBE
"BACKGROUND CF ‘MME | NVENTI ON Field of the Invention This invention rel ates
210 , : flectlon menber and manufacturing method thereof, and rel ates
h?tg a cathode” ‘ray:tube haV|ng a front panel applied with such
antl—reflectlon menmber. Description of Related Art For exanple for _
conventlonal cat hode.ray tubes (CRT), a picture. di spl ayed on the cathode
~ray tube is-viewed not clearly because dxternal light is reflected on the
. panel surface, that i's a pr.oblem of conventional cathode ray tubes. On the

" other hand, the_potertial.’df" the panel surface ch eca hi gh

- vol t age applleﬁ iﬁ 5ﬁ§LFF@B?§s¥%%g %cr@%#p?%ﬁq ghq@ﬁg? !Béhﬁface of
the panel of theicathode tay t &S dusts adheres on the
panel surface, aqd t he pangr céﬁ@%géﬁﬁsuﬁﬁéém&j‘ arge to a human body when

. 'BACKGROUND OF THE INVENTION

w;of the Invention:
| "inventlon relates to an anti-reflection
membér and maﬁ factur1ng method thereof, and relates to
a caéhode ra . ube having a front panel applied with
such;anti-refl ction member. _

scription of Related Aft

fﬂ;ample for convenfiéhal cathode ray tubes
(CRTi, a_pictﬁué:displayed on theiééthode ray tube is

f 1y because external.light is reflected
face, that is a pjtblem of conventional

On the other hand, the potential of

fChanges because _hlgh voltage

appl%ed on the h;uorescent screengf rmed on the inside

surféce=of thé='ane1 of the cathot ray tube. As the

urface, and the
*a"hdman body when
éna, it is fequired

he: panel surface. 1In

function so as not
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approaching. To prevent such phenonena, it is required to provide

antd static function on the panel surface. |In addition, it is also

: |nportant to provide el ectromagnetic radiation shleldlng function so as not
-2 to rel ease el ectromagnetic wave fromthe cathode ray tube. As a nethod
forrsolving all the technical problens as described herein above, a
technique in which an anti-reflection nenber having conductivity is applied
on the panel surface has been known. Suzh an-anti-reflection nenber
conprises a | am nate conposed of a substrate, hard coat |ayer, and

mul tilayered reflection preventing optical thin film The substrate

consi sts of , té orebease| elegot gradneehe-wvaee ephvmathe ccqHRge oray

polycarbonate (PO, and a hard coat |ayer consisting of, for exanple,
pol ynet hyl - tube. As a method for solving all the technical

problems as described herein above, a technique in which
‘an anti-reflection member hav1ngs¢onduct1v1ty is applied

on the panel surface has been khéﬁh._

Such an anti-reflection  member comprises a

laminate composed of a substraté;?iard coat layer, and
multilayered reflection preventiﬁé_bptical thin £ilm.
The substrate consists of, for egémplé, polyethylene-
terephthalate (PET) or po;?carboﬁﬁtk (PC),land a hard
-coat léyer consisting of, for éxéﬁ?;e, polymethyl-
methacrylate (PMMA), is formed oﬁ 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 gn-anti—reflection

member, at least two layers of dlelectrlc thin film

consisting of $i0, §i0,, TiO,, Zr0j,

example, lamination structure éu hjés a high refractive
index film/low refractive index . fm/high refractive
index/low refractive index f£ilm - E)_are formed on the
hard coat layer. Materials hay'n igh refractive index
(having a refractive index of i 8:to 2.7 at around the

wave length of 550 nm) such asziOi;;Zroz, Ta,05, and




methacrylate (PMMA), is formed on the surface of the substrate because the
éurface I's susceptible to touching. In the case that it is not necessary
to provide antistatic function and el ectromagneti c radiation shielding
function to an anti-reflection nenber, at |least two |ayers of dielectric
thizn filmconsisting of SiQ Siqerr], Tierr] Zrgerr], Talerr]Jerr],
and Y[err]Jerr] (for exanple, lam nation structure such as a high
refractive index filmlow refractive index filnihigh refractive index/|ow
refractive index film...) are formed oh the hard coat | ayer. Materials
havi ng high refractive i ndex (having a refractive index of 1.8 to 2.7 at
around the vyl laaegtexcefllent im ashesien viEhehatd Zoatelayer
Ta[err](err], and 3 Y[err]Jerr] are excellent in adhesion with hard

coat |ayer owmmssstrqgcnfFm@;gmnﬁnylﬁnaﬁhﬁngmkﬁﬁg

On the other hand, in the case that it is
necessary to provide antistatic funqt;on and
electromagnetic radiation shieldinéjfunction to an anti-
reflection member, it is preferabie'to structure a
reflection preventing optical thiq film by laminating a
transparent conductive oxide film and a thin film
(referred as to low refractive 1ndex film hereinafter)
consisting of a mater1a1 hav1ng lower -refractive index
than that of the material used for the transparent
conductive oxide film. By strgct@ring the reflection
preventing optical thin £ilm as déscribed herein, not
only antistatic function and elebtremagnetic radiation
shielding function due to transperept conductive oxide
film is provided to the anti—refieEtion member but also

anti-reflection function due to thefhigh refractive

index film/low refractive index-gi”mzstructure is

provided simultaneously, thereby, ‘structure of a

reflection preventing optical thi §1m is simplified.
As an example of the-transparen néuctive oxide film-
includes ITO (I,04 doped with S ; ;m (refractive index
is 1.9 to 2.0). On the other' he és examples of the

low refractive indexffilm includ io, £ilm (refractive




On the other hand, in the case that it is necessary to provide antistatic
fupction and el ectronmagnetic radiation shielding function to an anti -
reflection menber, it is preferable to structure a reflection preventing
optical thin filmby-laninating a transparent conductive oxide filmand a
thitgn film (referred as to low refractive index filmhereinafter) consisting
of a material having lower-refractive index than that of the naterial used
for: the transparent conductive oxide fidm By.structuring the reflection
preventing optical thin filmas described herei:n, not only antistatic
function and el ectromagnetic radi ation shieldi.-ng function due to
transparent tmdekictiled®xdde550 Inm) sand MNdBe£ifla t(refraqtivg |ide%n nenber
but also anti-reflection function due to the high refractive index filnflow
refractive ifidex38iatn 339 RRlre is provided si:ful taneously, thereby the
structure of a reflection preventing optjcal .t L filmis,sinplified. As an
exanpl e of the transpa?%ﬁ?f%ﬁndﬁ%tféhﬁéh}ﬂ% b r#h{m orming "

ctive index £ilm/ITO

process, namely, ITO film/low ref

film/low refractive index film .. ~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 ﬁmf A schematic
partial ¢rossfsectionai view of thgfanti—reflection
member having such structure is §h;§n in Fig. 4. In
.Fig. 47, a reflection preventing”égfical 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, In203/5n§ 90 parts by

weight/10 parts by weight, targé urrent density is 2
W/cm?, and others are Ar/0, = 50; ﬁme $/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



i.ncludes ITO (I[err]Jerr] doped with Sn) film (refractive index is 1.9 to
2.00. On the other hand, as exanples of the low refractive index film
include Sigerr] film(refractive 4 index.= 1.46 at 550 nn) and MgF[err]
film(refractive index = 1.38 at 550 nm. Usually, by repeating the film
forim ng process, nanely, ITOfilmlow refractive index filmITO filmlow
refractive index film... on a hard coat |ayer fornmed on a substrate, an
“anti-reflection menber is provided with excell.epnt anti-reflection function
in the wide wave |l ength range from450 20 650 nm A schematic partia
cross-sectional view of the anti-reflection member having such structure is
shown in Fi gcoah layerki gt 4s, dasneabbettgnhpabvbhelﬁgbeprateltehan film

having four |layer structure is shown, the first:il]ayer-
temperature of 120% or hlgher. Ho' ver, such heating

of a substrate ean”cause thermal da ,ge such:as
deformation of the substrate consis 1ng‘of5plastic
material. Heatlng .0of a hard coat lxyer consrstlng of
polymethyl-methacrylate to a temperature of 100C or
higher can cause the reduction of the hardness.

Recently, ITO f11m formed_on a color filter is

used as transparent electrode for a;flat panel display
of liquid crystal display devices. ~Such ITO film is
formed by DC magnetron spattering.using ITO target. ITO
£ilm formed by.sucu method is excelient in resistivity,
wet etching performance, and reprogucibility of
characteristics.' However, ITO filﬁ&formed 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 me r comprising a

laminate.of a Substrate, hard coa ayer, and
multilayered reflection preventin
Japanese Patent Applicatidn Hei 7
date: July 6, 1995). A schematie artial cross-

sectional view of the anti-reflec n member having such



~and third layer consist of ITOfilm and the second and fourth | ayer
-.consist of lowrefractive index film Usually, ITOfilmis forned by
*{spattering using a target of oxide ITO An ITOfilmis formed under the

- spattering condition that the conp05|t|on of. such ITOtarget is, for

- exdnpl e, In[err]C{err]/SnC{err] 90 parts by weight/10 parts by meight,

.. target current density is VVcn{err] and others are Ar/Jerr] 50 vol unme
9% 50 volune % and 0.2 Pa. It is reported t hat 't he crystalllzatlon
itenperature of I TO ranges from 150 to 2@0[err}C_ Therefore, to inprove the
:adhesi on (adhesi on strength) to a hard 5 coat. layer, it is desirable to
~heat the substrethure bstsihnger alnreigf mo[eme} Gubstratterof #imvever, such

'_heatlng of a substrate can cause thernmal danmage: such as
_— anti- reflectlon member consists of, for example,

polyethylene-terephthalate (PETl;a"gwpolycarbonate (PC),

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

polymethyl-methacrylate (PMMA) ié;fétméd thereon. To
provide ahtistatic function and"ﬁquifbmagnetic
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.gfﬁgp composed of Ag,

Au, Tilg (X = 0.3 to 1), TiOgN, (vherein X = 0.3 to 1,

¥<1l, and ¥ é X), TaN, (whereln X~0:2 to 1), Pt, al, Cu,

Ta, Ni-Cr, Cu-Al, Cu-Zn-Al, Cu-N“fAl and Cu-Sn-aAl, and

the thickness ranges from 4 to 4 -On the other

hand, the second layer of the re ion preventing
optical thin film consists of §  MgF2. The above-
mentioned material to be used fo conductive light

absorbing f£ilm has a characteriﬁi Ehat light




deformati on of the substrate consisting of plastic material. Heating of a

- hargd coat |ayer consisting of polynmethyl-nethacrylate to a tenperature of

100[err] C or higher can cause the reduction of -the hardness. Recently, |TO

filmformed on a color filter is used as transparent electrode for a flat

panel display of liquid crystal display devices: Such ITOfilmis forned

+ by DC magnetron spattering.using [TOtarget. ITOfilmfornmed by such nethod

" is excellent in resistivity, wet etchirg perforimance, and reproducibility
of characteristics. However, ITO filmforned onia hard coat |ayer by DC

: magnetron spattering using an | TO target is insufficient in adhesion

"~ strength to abSONRtQOOOGDefﬁyenenfhehanqeat6e” Tenhbyp@ESENVE|nvent|on

proposed a new anti-reflection nenber conprisiing a | am nate of a substrate,

hard coat |ajenrgthnd ReELEFhjencdsrprevented ﬁ@_-_v%lh?l‘ﬁgd%pﬁ‘w ®fin filns

. in Japanese Patent Application Hei 7-170925 (ap |icatiop
wave length, preventlon of light h the wide range of

wave length (4sp.to”650 nm) is poS ble even if the

reflection preVénting optical th ilm has a two layer
structure. Thg'light transmittén; of these materials

_ause the two layer

ranges from 70 t? 90 %, hoﬁever,x_
structure can be used for the reﬁiéﬁ;ion preventing
optical thin film, therefore the';dﬁ light transmittance
of the conductive light absorbingifilm does not cause
any problem. o

However, it was found Ehgi the adhesion

(adhesion strength) of such condgpﬁiVe light absorbing

film to a hard_poat consisting o£f §1ymethy1—
methacrylate was insufficient.
Therefore, it is the object of the present

invention to provide an anti-reflection member provided

with antistatic function and elg. magnetic radiation

shielding funetion and having a reflection preventing

optical thin £ilm excellent in adhesion to a hard coat

layer, and a manufacturing metho hereof, in addition,

a cathode ray:t@ﬁefhaving-a froﬁ nel applied with

such anti-reflection member.

is. Sheet Has Been Reilac

:. IIIIlIllIIIH i




_date: July 6, 1995). A schematic partial cross- sectional view of the
L-anti -refl ection nmenber having such 6 structure is shown in Fig. 4B. The
‘'substrate of the anti-reflection nmenber consists of, for exanple,

. pol yet hyl ene-terephthal ate (PET) and pol ycarbonate (PC), a hard coat | ayer
. consisting of, for exanple, polynethyl-nethacrylate (PMVA) is forned

= thereon. To provide antistatic function and el ectromagnetic radi ation
“shielding function to the anti-reflection nenber, the anti-reflection
._menmber has the first layer of the refl e8tion preventlng optical thin film
“fconprising a conductive light absorbing film and the second | ayer of the
“reflection preventing opt i caSUMMARYf OFnTBEnENVENBEONf a naterial having -

“ lower refractive index than that of the material. used to structure the
" A anti-reflection member. in accordance with

the first embodiment of the presegtalnventlon 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 firgt;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 preventing - cal thin film

having at least two layers, wher

the first layer of th ection preventing

optical thin £ilm in contact wi éhard coat layer

consists of transparent conduct xlde film, and

This.Sheet-Has Been R
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first layer. The conductive |ight absorbing filmconsists of a materi al
: sel.ected fromthe group conposed of Ag, Au, TiNerr] (X=0.31t0 1),
" TiJerr]Nerr] (wherein X = 0.3 to 1, Y<1, and Y [err] X), TaNerr]
. (wherein X=0.2 to 1), Pt, A, Cu, Ta, NN-Cr, Cu-A, Cu-Zn-Al, Cu-N-A and
Cu=Sn-Al, and the thickness ranges from4 to 400nm On the other hand, the
second | ayer of the reflection preventing optical thin filmconsists of
SiJerr] or MgF[err]. The above- nentigned naterial to be used for the
conductive light absorbing filmhas a characteristics that |ight 7
absorption coefficient changes dependently on wave | ength. Reflection is
prevented for the MAdethangecoﬁdmﬁapetemgttherneﬁinntrnncprévqﬂtlmgth t he
wi de range of wave length (430 to 650 nm is p055|ble even if the
optical thin fllm consists of a materlal having a lower
refractlve index than that of the flrst 1ayer, and
the transparent conductlve ox1de film is
formed by reactive physical vapor«ghase deposition.
Wherein, the "transparent“ of the transparent
conductive oxide f£ilm means the abgorption coefficient «
based on Lambert's law of 0 to 0;3;3preferably, 0 to 0.2
when a light with a wave length of ‘550 nm is
transmitted. The "conductive" ofngge transparent
conductive oxide film means the-vaﬁue of resistance
measured by eddy current method offl x 10 to 1 x 104
Q/0, preferably, 1 x 10 to 5 x 103 /0. |
In the anti-reflection mémber or the
manufacturing method thereof in théafirst embodiment of
the present invention, examples oft}he reactive physical

vapor phase deposition, namely, phy$ical vapor phase

deposition (PVD,,Physical Vapor'Déﬁ‘éition) accompanying

chemical reactlon between at 1eas,=pértia1 material to

be deposited on the hard coat la er and the material

used for the hard coat layer, 1nqg
(A) various vacuum deﬁt' ion such as electron
" beam heating, resistance heating d flush deposition,

(B) plasma deposition;

ThlS Sheet Has Been Reﬂlaced
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reflection preventing optical thin filmhas a two | ayer structure. The
light transmttance of these materials ranges from70 to 90 % however,
because the two | ayer structure can be used for the reflection preventing
optical thin film therefore the low light transmttance of the conductive
| i ght absorbing filmdoes not cause any problem However, it was found that
t he adhesi on (adhesion strength) of such conductive |light absorbing filmto
a hard coat consisting of polynethyl- nethacrylate was insufficient. .

EP- A2-0 200 452 discl oses a Iight-tran%ﬂissibreﬁplate for CRTs conprising a
transparent base plate, a hard coating |ayer on:the base plate, an

el ectroconducti ve Iayenconvahéohardpabhérngglay'h aadbapbager having | ow
refractive index on the el ectroconductive |ayer.. For depositing the

el ect roconduspatéeringr, B8 spetherdngeabPCnga Fon §B§Et§¥iﬁg nBd@bd is
carried out under sufficient oxygen conditio 0 that oxidized particles
are deposi t e§T8AUBREYhSPatESIENEy MagBptrARr EPgttering, ion-beam

spattering, and bias-spattering,
(D) various ion-platin @ as DC method, RF
method, multi-cathode method, ac

method, HCD method, electric fieiﬂadgposition, high

frequency ion-plating, and react '4ion—plating,

wherein among these met _ﬁé, reactive
spatterlng using a metal or alloy target, in detail, DC
magnetron spattering is preferably"used. In this case,
a target consisting of Sn, Zn, In, .or In-Sn alloy is
preferably used. When Sn is used as a target, a
transparent conductive oxide fllmggbtalned by reactive
physical vapor phése_deposition gﬂﬁ$ists of Sn0O,. When

Zn is used as a target, a transparént conductive oxide

film obtained by reactive physica }apor phase

deposition consists of ZnO. When: 'In:is used as a
target, a transparent conductiv ;ge £ilm obtained by

reactive physical vapor phase deposition consists of

‘In,05. Further, when In-Sn is used ‘as a target, a

transparent conductive oxide filr ohpained by reactive
physical deposition consists of ‘ITO.. Spattering is

carried out in an O, atmosphere fo he reactive

This Sheet Has Been Rep laced
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form ng the el ectroconductive |ayer. US-4 804 883 A discloses a CIR screen
at ttachnment on a grey glass screen with an anti-reflective coating applied
to its front surface and a netallic absorption coating applied to its rear
surface. 7a Therefore, it is the object of the present invention to
provi de an anti-reflection nenber provided with:antistatic function and
el ectromagnetic radiation shielding function and having a reflection
preventing optical thin f|In1exceIIent]]n adhesion to a hard coat |ayer,
and a manufacturing nethod thereof, in &ddltlon a cat hode ray tube having
a front panel applied with such antl-reflectlon menber .
spattering. On the other hand, spatterlng is carried
out in an Ar+02 (content of O,. 1s 0 to 30 volume %)
atmosphere for conventional spatte;;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 the same or- higher affihity with oxygen as an
element (referred to as element A“bereinafter) which
constitutes the transparent conductive oxide film is
contained in the transparent conduqtive oxide film. 1In
general, the affinity of an element to oxygen can be
estimated from the standard free energy of formation of
the oxide. 1In other words, an oxide having smaller
standard free energy of formation fcfms oxide easier.
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 rat 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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8 SUMVARY OF THE | NVENTI ON An anti-reflection nenber in accordance with the
first enbodi ment of the present invention for achieving the above nentioned
object is the anti-reflection nenber conprising a lamnate of substrate,
hard coat layer, and reflection preventing optical thin film having at
| east two | ayers, wherein the first layer of the reflection preventing
optical thin filmin contact with the hard coat |ayer consists of
transparent conductive oxide filmfornmeg,by reactive physical vapor phase
deposition, the second |ayer of the reflection preventing optical thin film
consists of a material having a |lower refractive index than that of the
first layer,sSmherein said PVOrpeThpdAls @rreacti ve spattering nethod using
a target of netal or alloy and wherein said reactive spattering is carried
out under a 8pattering condi €renTdf .Ahsu¥ticient oxygen, and

In Cr, Ti, Al, .Z2r

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,, SiO, MgF,, CaF,, LaFy, Na;AlF, NagAlyFl,,
NdF,, LaF,, CeFy, BaF,, NaF, SrF,, and Al2 O3, among
these materials, Si0O, or MgF, is pieferably used.

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 ggxesin-based material
selected from the gtoup composed éffsilicon-based
material, polyfﬁnctional acrylateééhsed 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 9; tetra—-alcoxysilane




wherein a second el enent having hi gher oxygen affinity than that of a first
el ement mainly contained in said transparent oxide layer is contained in
said transparent oxide layer in an atomc rati-o of the second el enent to
the first plus second elements of 0.001 to 0.1. A-manufacturing nethod of
ancanti-reflection nmenber in accordance with the first enbodi ment of the
present invention for achieving the above-nentioned object is the

manuf acturi ng met hod of an anti-reflectidn nmenber conprising a | am nate of
substrate, hard coat |layer, and reflection preventing optical thin film
having at |east two |ayers, wherein the first . -layer of the reflection
preventing oPfiadkylhtrialrexyaitane aandvsilan@cCouplindagener consists
of transparent c¢onductive oxide film and the“second | ayer of the

reflection pP8V&REi AYNEELPRAL SRPRPT SRAR RFISTROXY FTRR R MefhacEihg a

| ower refractive indgx than that o{ éhe first4hq¥er t he transparent
conduct i ve oﬁfagpfilﬁf?gpiﬁﬁnﬁg BolysuReHIRRt if%&aV%E%ﬁs$ ase deposition
'n forn1of amégggiﬁxeiﬁgiﬁﬁgilggr example, polwgl-acrylate,

polyester—acrylate, urethane-acryiﬁié,'and epoxy-

acrylate. Furthermore, an example of urethane resin-
based material includes, for examéig, melamine-
polyurethane. The hard coat layéffconsists 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 coaﬁiﬁg, 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 ace rdance with the

first embodiment of the present invention, the anti-
reflection member may be manufacti .

process in which substrate comprises a roll film, the

film on which a hard coat léyer had:been formed



met hod using a target of netal or alloy and said reactive 8a spattering
I s<carried out under a spattering condition of insufficient oxygen, and
wherein a second el enent havi ng hi gher oxygen affinity than that of a first
el ement mainly contained in said transparent oxide |ayer is contained in
sai"d transparent oxide layer in an atomic ratio of the second el ement to
the first plus second elenments-of 0.001 to O0.1. Wherein, the
"transparent” of the transparent conduct%ve oxide filmneans the absorption
coefficient a based on Lanbert's |aw ofld to 0;3.-preferably, 0 to 0.2 when

alight with a wave I ength of 550 nmis :
previously is unwound, the first 1 yer comprising a

transparent conductive oxide filmf___formed on the hard

coat layer by reactive spatteringfﬁ;ihg'a metal or alloy

target, subsequently the second IL uf;pf reflection

preventing opticgl thin £ilm is f§ med on the first

layer by spattering, then the fi thrising the
reflection preventing optical thiﬁ film formed on the
hard coat layer is wound. | |

In the manufacturing pr§Eéés of the aﬁti—

reflection member in accordance w?ﬁﬁ the first

~ embodiment of the present inventiéé? a Sno, 1aye£, Zno0
layer, I,O; layer, or ITO layer is;fcrmed on the second
layer of the reflection prevent1ng optlcal thin £film,
thereon a si0, layer or Mng layer is formed, further,
these tow layers may be 1am1nated;9ne 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, 1qyer/Si02 layer, -ho layer/sio,

layer/zZno la.yer/s'id2 layer/.../ZnQ lgéyer/s-io2 layer.
Otherwise, the structure may compr ejm—th iayers (m-is
odd numbers) consisting of the s ' different

materials selected from the group composed of SnO,, ZnO,



transmtted. The "conductive" of the transparent conductive oxide film
nmeans t he val ue of resistance neasured by eddy current nmethod of 1 x 10 to
1 x 10[err] [err]/[err], preferably, 1 x 10 to 5 x 10[err] [err]/[err]. In
the anti-reflection nenber or the manufacturing nethod thereof in the first
enbodi nent of the present invention, exanples of the reactive physical
vapor phase deposition, nanely, physical vapor phase deposition (PVD,

Physi cal Vapor Deposition) acconpanyi nglB8hem cal reaction between at | east
partial material to be deposited on the hard coat |ayer and the materi al
used for the hard coat_layer, include; (A) vari.ous vacuum deposition such
as el ectron bsQyn rangd IR, rang i-hic d avess &, lénG"ﬁF‘uM‘“@@ﬁés)l tion, (B)

pl asma deposi tion, 10
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 SnO,, ZnO layer, I,0, laye_ ..or ITO layer of
(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

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.
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(C) various spattering such as bipolar spattering, DC spattering, DC
magnetron spattering, high frequency spattering, nmagnetron spattering,
i on- beam spattering, and bias-spattering, and (D) various ion-plating such
as DC nethod, RF nethod, nulti-cathode nethod, activation reaction nethod,
HCB net hod, electric field deposition, high frequency ion-plating, and
reactive ion-plating, wherein anong these nethods, reactive spattering
using a netal or alloy target, preferabig, DC magnetron-spattering is
used. In this case, a target consisting of Sn, Zn, In, or In-Sn alloy is
preferably used. Wien Sn is used as a target, a transparent conductive
oxi de fil m obtai ned byTheamahufapbysingl method pfiatkedapbitti on consists of
Sngerr]. Wen Zn is used as a target, a transparent conductive oxide film
obt ai ned by refitectvéophyenbar ‘apaccphdancecpbthtthbe geeenrdts of znO Wien
In is used as a target, a transparent conductive oxide film obtained by
embodiment of the present invention for achieving the
above-mentioned object is the mangégéturing method of an
anti-reflection member comprisingfiilaminate of a
substrate, hard coat layer, and ré 1éction preventing
optical thin film having at leastfﬁhtee layers, wherein
the first layer of the rgflection preventing
optical thin film in contact with_s?id hard coat layer
consists of transparent oxide film,_and
the second layer of the reflection preventing
optical thin film consisting of cpﬁdpctive light
absorbing film, and |
the third layer of the reflection preventing
optical thin fiim consists of a mhgerial having a lower
refractive index than that of theﬁﬁecond layer, and
the transparent oxide fiimzis.formed by

reactive physical vapor phase deg'”'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
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reactive physical vapor phase deposition consists of In[ferr](err].

Furt her, when In-Sn is used as a target, a-transparent conductive oxide

fil mobtained by reactive physical deposition consists of I1TO Spattering
is carried out in an Jerr] atnosphere for the reactive spattering. On
thé other hand, spattering is carried out in an Ar+02 (content of Jerr] is
0O to 30 volune % atnosphere for conventional spattering using an oxide
target. To inprove the adhesion to a h&fd coat .['ayer, an elenent (referred
to as element B) having the same or higher affinity with oxygen as an
elenent (referred to as elenment A hereinafter) which constitutes the
transparent B6ASUEEAvEYoRAdY current mebhodnefl Lnxthe teahspaleht

conducti ve 0§Lﬂﬁ film In general, the affinipyﬁof an el enent to oxygen can
be  preferably, 1 x 10 to 5 x 10% Q/0.  Further, the

"light absorptive" of the conductiyé_light absorbing
film means the absorption coefficiééizofio to 0.5 when a
light of 550 nm is transmitted, p:gﬁ?ﬁébly 0.1 to 0.3.

In the anti-reflection ﬁé&be? or the
manufacturing method thereof in aéeérd;nce with the
second embodiment of the present iﬁventiéh, the same.
reactive physical vapor phase depoéiﬁion as described in
the anti-reflection member or the“manufactufing method
thereof in accordance with the.first embodiment of the
present invention méy be used, among these methods,
reactive Spatteripg using a metal or alloy target , in
detail, DC magnetron spattering is;preferably used.

The thickness of the tragﬁparent oxide film.
may be arbitrary as far as the thiékness does not
influence adversely on the anti—rgfiection effect, but
generally, the thickness is 1 to 2@¥nm in average
provided on a hard coat layer. Théztransparent oxide
film is formed only to improve théamaheSion between the
second layer of the reflection pré_gnting optical thin
film and the hard coat layer. -

In the anti-reflection ééﬂ é; or the

manufacturing method thereof in aé
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estimated fromthe standard free energy of formation of the oxide. In other
words, an oxide having smaller standard free energy of formation forns
oxi de easier. Though it depends on the elenment A, an exanple of the el enent
B includes an el ement selected fromthe group conposed of Ti, Zr, A, M,
Si; O, W Fe, and Mh. Exanples of conbination of the elenment A and el enent
B are listed in Table 1. The ratio elenent B/ (element A + elenent B) (in
atomc ratio) is 0.001 to 0.1, preferafllgy 0.005 to 0.05. Table 1 El enent A
El enent B 12 Sn C, Ti, A, Zr Zn Cr, Ti, A,
Zr In C, - Ti, A, Zr

second embodlment of the present 1nvent10n, the

transparent oxide film consists pr zgrably of at least
one material sélected from the gi@ p{composed of Zr0;,
Ti0,, SiOy (whe?ein X =1 to 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 éﬁ:the 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, (wheré?h 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 byfieactive physical

vapor deposition in the same manneg”as described in the

first embodiment of the present ntion.
To improve the adhesiéq . a hard coat layer,
it is preferah}e that an elemgntf ferred to as element

D hereinafter) having the samé.éff ‘gher affinity with
oxygen as an element (referred_?é ﬁ element D
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R Ik




In and Sn C, Ti, A, Zr In the manufacturing nethod of the anti-
ref.l ection nmenber in accordance with the first enbodi ment of the present
invention, a material consisting of the second {ayer of the reflection
prevention optical thin filmnmay be a material having a refractive index of
about 1.7 or smaller, exanples include SiJerr], SIO MF[err], CaF|lerr],
LaF[err], Na[err]J]Al F[err], Na[err]Al[err]Fl[err], NdF[err], LaF[ferr],
CeF[err], BaF[err], NaF, SrF[err], and Al2 03, anong these materials, Si Q2
or MJF2 is preferably used. It is pref%?able that the hard coat | ayer
consists of a material which contains oxygen as a constituent elenment. In
detail, the hereinatierhywhichycanstitutiemrtie finansparsandt ioxddsf a
resin-based materjal selected fromthe group-composed of silicon-based
materi al, pof{imnksieortainreq|in thmdtapnananerdl axide &iddhe ThOUghhased
material, me]anne resin-based material, and epoxy resjn-based materi al,
and may be aht RIS | R Hhi eLemenk cE)?d?rpﬂ’é’H;fe%iq i e @igg@nt

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.



mat erial include co-hydrol ysates of tetra-al coxysil ane 13 or :

al kyl -trial coxysilane and sil ane coupling agent having functional group
such as epoxy group or nethacryl group. Exanples of polyfunctional

acryl ate-based material include, for exanple, polyol-acrylate,
pol'yester-acryl ate, urethane-acrylate, and epoxy- acrylate. Furthernore, an
exanpl e of urethane resin- based material includes, for exanple, nelam ne-
pol yur et hane. The hard coat | ayer corXi sts preferably of acryl -based
material, nore preferably in-detail for exanple, polynethyl-nethacrylate
(PMA). An qﬁégﬁ%e of organi-c-inorganic filmincludes acryl-silicon.

Q herwi se, tTR r€l coat |ayer of organic- inorganic filmmy be formed from
gg;{o:gsgr5|éicﬁgﬁg é.forhj Elelx'drophyllc sol gr |'i pophilic sol. The hard
Zr l\g_g, Be
Ti ' Al, %Zr, Be
si . Ti, Al, Zr, Be
Cr si, Ti, Al, Zr, Be jf:

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 nitfide-oxides of alloy
ox1de-n1tr1de".  In detail, example? 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-@lﬁ;Cu—Zn—Al,_Cu-Ni%Aigand Cu-Sn-Al.

Oxygen and Nitioébn happen to be trapped occasionally

during forming”ofjthe conductive ;iéﬁt absorbing £ilm

consisting of @etal or alloy, howé§ j

herein, this

conductive light absorbing film ié;_ fined as the




may be formed by various nethods for coating a material such as dipping
coating, spin coating, spray coating, and flow coating followed by drying
and thernosetting or ultraviolet ray curing. In:the manufacturing method of
the light reflection prevention nenber in accordance with the first

enbodi ment of the present invention, the anti- reflection nenber may be
manuf actured conti nuously by a process in which substrate conprises a rol
film the filmon which a hard coat ggr had been forned 14 previously
is unwound, the first |ayer conprising transparent conductive oxide film
is formed on the hard coat |ayer by reactive spatterlng using .a netal or

al | oy t ar get condpekiventight nabsexing |Gl qRngisYy kﬂﬂrQﬁ1ﬂﬁ%ﬁh T ng

opti cal thlna{iég1|s formed on the first i

In the anti-reflection member or the

manufacturing method thereof in a idéﬁbg with the

second embodiment of the present i nﬁibn, examples to

be used for the third layer of the lﬁlecfion preventing
optical thin film include SiO,, M éeEz} LaF,,
Na,AlF., NdF,, LaF;, and Al,0,, amo "'Eﬁeee materiais,
Sio, or MgF, is preferablf used.f.:=é.h5rd coat layer
may consist of the same materlalla fdescrlbed in the
description of the reflection preventlng member or the
manufacturlng method thereof in accordance with the
flrst embodiment of the present anentlon, among these
materials, in detall, the hard coat layer con51sts
preferably of polymethyl—methacrylate (PMMA) .

In the manufacturing methqd of the light

reflection prevention member in accordance with the

second embodiment of the present?i iention, the anti-

reflection member may be manufactured continuously by a
process in which substrate compriéé a roll £ilm, the
film on which a hard coat layer"rc been formed

previously is unwound, the first laye

transparent oxide film is formed on thhjhard coat layer

by reactive gpattering using a m oﬁ:elloy target,



| ayer by spattering, then the filmconprising the reflection preventing .
optical thin filmforned on the hard coat layer is wound. In the
manuf act uri ng process of the anti- reflection nenber in accordance with the
first enbodi ment of the present invention, a SnJerr] layer, ZnO | ayer,
I[err]derr] layer, or I TO layer is forned on the second | ayer of the
reflection preventing optical thin film thereon a Sigerr] |ayer or
MyF[err] layer is formed, further, the tow | ayers may be | am nated one
above another alternately. |In detail, for exanple, the reflection
preventing optical thin filmmay have a structure such as ITO

| ayer/ Si  er shbsegeentl® khpesespafielayeragfr reflectionapeerentiadr] | ayer,
Snderr] layer/SiQerr] layer/Sn(err] |la er/mﬁﬁéerrl | ayer/.../Sn(err]

| ayer/ Si O er PPtigpds than Zadm gompr Spipgr Epe| §9RAPSREVRayABNE O err]

layer/... /ZnQ layer/SiQJerr] |ayer. CQtherw ge, the_ structure may conprise
mth |ayers FPFP§%6&6 ﬁghﬂeﬁ§)f@éﬂEﬁsPPnﬁthg&ﬁ§%s§ﬁ¥35rg§ifferent
materials sl ot A ngT thendtRe" AITBOTE e?’ o2"Che’ Lhr182Rion

preventing optical thin film is ﬁbi'é

d on the second
layer by spattering, finally thefl m comprising the
reflection preventing optical thiﬁfﬁilm 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 ﬁhe 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 material is selecte@ftp form the substrate,
examples include; for example, p@iggthylene—
terephthalate (PET), polycarbonat@Q(PC), polypropylene
(PP), polymethyl-methacrylate and¢§§pqumer'thereof,

'f-styrene copolymer,

unsaturated polfgster, aéry;onit:
vinylchloride;:§01yurethane, epox :esin, and cellulose-
based resin such as.triacetyl—c éose and diacetyl-
cellulose, among these material pélyethylene-

terephthalate (BET) or polycarbon té (PC) is preferably

used. The form of the substrate df be £ilm, sheet, or




15 1[err]Jerr], and ITO, and n-th layers (n is even nunbers) consisting of
the same or different materials selected fromthe group conposed of Si 2
and MgF2 (for exanple, Snderr] layer/SiJerr] layer/1TO |layer/Si Jerr]

| ayer). In this case, a SnJerr], ZnO layer, I[err](err] layer, or |ITO

| ayer of (2N-1)th layer (wherein 1 < N) may be fornmed by, for exanple,
either reactive spattering or conventional spattering using an oxide
target. The anti-reflection nmenber 28 accordance with the second

enbodi ment of the invention for achieving the above-nenti oned obj ect
conprises a lamnate of substrate, hard coat |ayer, and reflection
preventing optdtaldependently ewirrguirddapeaifiisation and

application. The thickness of the_substrate is not
limited, and may be selected 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 applied on the panel

surface of a cathode ray tube withfinterposition of such



| ayers, wherein the first layer of the reflection preventing optical thin
fikmin contact wth the hard coat |ayer consists of transparent oxide film
formed by reactive physical vapor phase deposition, and the second | ayer of
the reflection preventing optical thin filmconsists of conductive |ight
absorbing film the third layer of the reflection preventing optical thin
filmconsists of a material having a | ower refractive index than that of

t he second | ayer, said PVD nethod is a ggactive spattering nethod using a
target of netal or alloy and wherein said reacti've spattering is carried
out under a s attering condition of insufficient. oxygen, and a second

el enent havi dghesyrer laxgyear apressuyetsemsibive cddiesivetlayenent nainly
contained in_said transparent oxide |ayer is contained in said transparent
oxi de IayernWﬂe%n by ApPelyingothe amelzrebleckienorember (withirst plus

n I £ 0.001 . 1. ' .
second el emepl .07 PR4rE8n %A vacuun, trapping of air between the

anti-reflection member and the panel surface 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, tetrafluoroethylené%perfluoro—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 fiféy layer and the
second layer of the reflection pré? 1iting optical thin

film of the anti-reflection membet in accordance with

the first embodiment of the preseﬁ invention, or film

thickness of the second layer andi ;-third layer of the
reflection preventing optical thin ﬁilﬁ'of the anti-

reflection member in accordance with:the second




The manufacturing nmethod of an anti-reflection nmenber in accordance with

t he second enbodi nent of the present invention for achieving the
above-nmenti oned object is the manufacturing nmethod of an anti-reflection-
menber conprising a |am nate of substrate, hard coat |ayer, and reflection
preventing optical thin filmhaving at | east three |ayers, wherein the
first layer of the reflection preventing optical thin filmin contact with
said hard coat |ayer consists of transpagent oxide film and the second

| ayer of the reflection preventing optical thin filmconsists of conductive
light absorbing film and the third layer of the reflection preventing
optical thinembbdinenti ef stibé presentitnvenrtion may derdetgiminiede i ndex
than that of the second Iager, and the tranﬁf ent. oxide filmfornmed by

arent. o
reacti-ve phydfeardiagotophbset itpothichkress defermining Mekhad BasRd ering
net hod : '

on two layered structure with V—sﬁ pe structure and W-

shaped structure comprising what

called (A/4-2/2)
film or the film thickness determ} Wiméthpd based on
three layered structure comprisinéﬁwhé& is called (A/4-
A/2-3/4) Eilm. |

In conventional art,_anfiiﬁ-layer is formed by
spattering using a target of oxidéfiTO. On the other
hand, in the anti-reflection membéifof the manufacturing
method thereof in.accofdance withﬁﬁhe first embodiment
of the present invention, the trahéﬁa:ent conductive
oxide film which is the first 1ayef1o£ the reflection
preventing optical thin £ilm in cé@ﬁ&gt with the hard
coat layér is formed by reactive pﬂySical vapor phase
deposition.l When reacti?e spatte?éﬁg 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
particles are not deposited on a h dfcqat layer, but

partially active metal or alloy%sbat;gred particles are



16a using a target of netal or alloy and said reactive spattering is
cakried out under a spattering condition of insufficient oxygen and wherein
a second el enent havi ng hi gher oxygen affinity than that of a first el enent
mai nly contained in said transparent oxide layer is contained in said
trdnsparent oxide layer in an atomic ratio of the second elenent to the
first plus second elenents of .0.001 to 0.1. wherein, the "transparent" of
t he conductive Iight absor bi ng filn1nea$ t he absorptlon coefficient a
based on Lanmbert's law of 0 to 0.3, preferably:-0 to 0.2 when a light with
a wave length of 550 nmis transmitted. The "conductive" of the conductive
| i ght absor bfepositedneans haedvapatb bayeESaadaneect withh exygenred by eddy
current nethod of 1 x 10 to_1 x 10[err] [err]/[err preferably, 1 x 10 to
5 x 10[err] ngmf/EgrmPlecp@eghghlchhﬁorms the hard coat layer, thus

the reaction results in chemlcal'sT;ong;adhe51on. As

the result, the adhesion (adhesid'

transparent conductive oxide film a hérd coat laYef is

improved. 1In the anti-reflectiohi ‘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 antlstatlc function and
electromagnetic radiation shleldlng function to the
anti-reflection member.

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, 1 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




"l'ight absorptive" of the conductive |ight absorbing filmneans the
absorption coefficient of 0 to 0.5 when a light of 550 nmis transmtted,
preferably 0.1 to 0.3. In the anti-reflection nenber or the manufacturing
met hod thereof in accordance with the second enbodi nent of the present

I nvention, the same reactive physical vapor phase deposition as described
in the anti-reflection nmenber or the manufacturing nethod thereof in
accordance with the first enbodi nent of ;he present invention nay be used,
anong these net hods, reactive spatteri using a netal or alloy target
preferably, DC. magnetron spattering, is used. The thickness of the
transparent phasie déposivjobe afterd roeactisvd apatseariag hisdlngeds does not

i nfluence adversely on the anti-reflection effect, but generally, the

t hi ckness i smatadb @0 ahloy targetyclprussdias dieactiared kYAl ady @POfhe

transparent oxide filmis formed only to jnprove theeﬁphesion et ween the
second | ayerphasehdepesibion onthe cpatterningdtitgaghigd out under a

spattering condition of inSufficieﬁt 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 sﬁrong adhesion. As
the result, the adhesion (adhesion étreng;h) betweenlthe
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 effgctive preventidn of
‘l;ght reflection, on the other hand, conductive lighE
‘éSsorbing £ilm provides antistatic 'function and
electromagnetic radiation shieldiﬁé;function to the
anti-reflection member. The transﬁarent oxide film is
provided with anti-reflection funQﬁion by adjusting the

f£ilm thickness of the transparentfoxide film. The



filmand the hard coat layer. In the anti-reflection nmenber or the

maauf acturing nmet hod thereof in accordance with the 18 second enbodi nent
of the present invention, the transparent oxide filmconsists preferably of
at |east one material selected fromthe group conposed of ZrJerr],
Tiderr], Sigerr] (wherein X =1to 2), SiJerr]Nerr] (wherein X =1 to
2, Y=0.21t00.6), and CJerr] (wherein X = 0.2 to 1.5). Wen reactive -
spattering is used as the reactive physigcal vapor phase deposition, a
target consisting of Zr is used for formng ZrQ2 film a target consisting
of Ti is used for formng Ti.O2 film a target consisting of Si is used for
forning Si O EFRPsPaKeRt; axikde film s prowidedsvitbrankistaticwherein X = 1
to 2, and Y = 0.2.to O.g),gand a target consLsthg of .Cr _is used for

form ng CrC{gPPFtFPPn?n elgctromagnetlc radlatlg 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.



The transparent oxide filmmay be provided with conductivity. For providing
conductivity, the transparent oxide filmmay consist of Sn(Jerr], ZnQO
Inf[err](err], or ITO and the filmis formed by reactive physical vapor
deposition in the same nmanner as described in the description of the
anti-reflection menber or the manufacturing nethod thereof in accordance
with the first enbodi nent of the present invention. To inprove the adhesion
to a hard coat |layer, an elenent (referyed to as elenent D hereinafter)
havi ng the sane or higher affinity wt %mygen as an element (referred to
as elenment D 19 hereinafter) which constitutes the transparent oxide
filmis contB¥X®BRlenlthe transparent oxide f||1 - Though it depends on the

element C, an exanples_of the el ement
Example 1l relates to the

;ﬁi-reflection

member and thq'mgnufacturing-methd hereof in

accordance witﬁiﬁhe first embodiment of the preseht
invention. Iﬁfﬁable 3, target mag é";;iis and film
forming conditidns for reactive sbJ:_éfing (in detail,
DC magnetron spatterlng) are shown:?:A schematic partial
cross-sectlonal view of the obtalned.antl—reflectlon
‘member is shown.an Fig. 1. 1In Fig.: 1, the first layer
of the reflectlon preventlng optlcal thin £ilm is a
transparent conductlve oxide £ilm (thlckness is 15 nm)
formed by reactive. DC magnetron spatterlng. 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 target of oxide. The

third layer of the reflection prev'”ﬂlng optical thin

film is a transgarent conductive qﬁ;ﬁe £ilm (thickness

is 100 nm) fot@éﬁ by reactive DC mggnétron spattering

under the sameﬁggnditions for form nijthe first layer.

thin film is a:_SJ_.Q2 film with a th kness of 85 nm

formed by conventional spattering 'pe hard coat. layer

consists of PMM%, The substrate consists of PET. Film



D includes an elenment selected fromthe group conposed of Ti, Zr, A, M,
Be; Si, &, W Fe, M, and Sn. Exanples of conbination of the elenent C and
elenent D are listed in Table 2. The ratio el ement D/ (el emrent C + el enent

D) (in atomc ratio) is 0.001 to 0.1, preferably 0.005 to 0.05. 20 Tabl e
2 BElenent C El enent D Zr |vg Be Ti Al
Zr, Be Si Ti, A, Zr, Be Cr Si, Ti, A, Zr, Be

In the anti-reflection menber or the nanufacturlng met hod t hereof in
accordance with the second enbodi ment . oBOt he present invention, the

forming spattertng conditions for formlng ‘the second

layer and the fourth layer are shown hereln under .-

Target : 8i0,
Power dens ty : 5 W/em?
gas : Ar

ic’ pressure: 0.2 Pa
A antiéreflection member;having the same
structure waszpfépared by conventional method. In

detail, as to §J§ conventional method shown in Table 3,

the first layer..of the reflection ﬁreventing optical

thin £ilm is“afggansparent conductive oxide film

(thickness is_;gﬁnm) formed by DC magnetron spattering
using a targetiéf oxide. The second layer of the
reflection pre§§ﬁting optical thin film is a Si0, film
with a thickneéé;of 20 nm formed by conventional
spattering usiﬁgéa target of oxide. The third layer of
the reflectidnié;eventing optical thin layer is a

transparent cdﬁdyctive oxide f£ilm (thickness is 100 nm) -

formed by DC_';gﬁetron spattering using a target of

oxide. The £ th layer of the reflectlon preventing

optical thin m is a S8i0, film w1th a thickness of 85
nm formed by conventlonal spatterlng using a target of
oxide. The substrate consists of PET. The same £ilm

forming condi L OT




conductive light absorbing filmconsists preferably of netal, alloy, netal
nitride or netal oxide-nitride. Werein, nitrides of alloy and _
nitride-oxides of alloy are included in the term"nmetal nitride" and "netal
oxide-nitride". |In detail, exanples of material -to be used for the
conductive light absorbing filminclude materials selected fromthe group
conposed of Ag, Au, TINX (X =0.3to 1), Tigerr]Nerr] (wherein X =0.31t0
1, Y< 1, and Y [err] X), TaNerr] (whegqein X =0.2 to 1), Pt, A, Cu, Ta,
Ni-Cr, Cu-Al, Cu-Zn-Al, Cu-N -Al and Cu-Sn-Al. Oxygen and Ni trogen happen
to be trapped occasionally during forming of the conductive |ight absorbing
film consi stioxpiofg ritenlseworal layerhandy fourshelayerhi s Fédmdfermiagl i ght
absorbing filmis defined as the 21 conductive |ight absorbing film
consi sti ng afomiitdlons for forming the third layer by spattering are

shown herein under.

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

Atmospheric pressure: 0.2 Pa




alloy. In the anti-reflection nenber or the manufacturing nethod thereof in
accordance with the second enbodi nent of the present invention, exanples to
be used for the third layer of the reflection preventing optlcal thin film
include Sigerr], MyF[err], CaF[err], LaF[err], Na[err]A F[err], NdF[err],
LaF[err], and Al[err]CIerr], anong these naterials, Sigerr] or MgF[err] is
preferably used. The hard coat |ayer may consist of the same material as
described in the description of the rejsection preventing nenber or the
manuf acturi ng nmet hod thereof in accordance with the first enbodi nent of the
present invention, anong these materials, in detail, the hard coat |ayer
consi sts preferably of polynethyl - nethacrylate’(PNN%). I n the manufacturing
met hod of the light reflection p?ﬁaﬁgbagg menber in accordance with the
second enbodi nent of the present n, the anti- reflection nenber may

be manufactured continuously by a process in mhlch substrate conprises a
roll film the

eric Atmos- Rating of
Example | Target material gnﬁé’:u;cﬁ:\}“ ggai’;%; %ﬁ%ﬁ“zﬂ Pheriere | Sirength
| (W/cm?)| Ar} Oz | (Pa)

1 | mSnalloy | ITO 4 "o{100| 0. 2| 4
In-Snalloy | ITO 4 30| 70| 0.2 4
In-Snalloy | ITO 2 o0l100| 0.2 4
In-Sn alloy ITO 2 30 70 0.2 5
Snmetal | SnO, 4 iOIOO 0.2 5
Snmetal |SnO,| 4 30 70{ 0.2 | 5
- Snmetal | SnoQ, 2 0j100] 0.2 5
Snmetal |SnO0, 2 3ol 70| 0.2 5
Znmetal ‘| ZnO| 4 ofjto0]| 0.2 3

Zn metal Zno 4 30| 70| 0.2 3.
Znmetal | ZnO 2 “of100} 0.2 3
Zn metal Zno 2 30].70] 0.2 3
TTOoxide | ITO 4 “olioo0l 0.2 o
goven | I[TOoxide | ITO 4 o|.80l 0.2 | o
method | ITOoxide | ITO 2 0.2 0
ITOoxide | ITO 9 0.2 0




filmon which a hard coat | ayer had been fornmed previously is unwound, the
first layer conprising the transparent oxide filmis forned on the hard
coat | ayer by reactive spattering using a netal or alloy target, 22
subsequently the second | ayer of reflection preventing optical thin film
conprising the conductive light absorbing film:is forned on the first |ayer
by spattering, then the third | ayer of the reflection preventing optical
thin filmis formed on the second | ayerzpy spattering, finally the film
conprising the reflection preventing optical thin filmformed on the hard
coat layer is wound. In the present invention, 'the substrate may caonsi st of

any material as far asStieinmitastalvas a?%‘?ﬁit%d"'f?‘ﬁhtﬁ°rA%1éﬁ%°nt ®%He used

for the substrate, may, b P e 2 .
aéhesiony(aéhesion strength). The ‘'sliding test includes

following procedures. Four piecéé}?f cotton cloth
impregnated with ethyl alcohol-aréfﬁpuﬁd on a steel ball
‘with a diameter of 20 mm, 3 kgf oﬁ.iéad is loaded on the
steel ball and the locaded 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 a

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 qghgg;pﬁ strength rating

of "4" represents the delaminatigﬁ; ﬁ.Eﬁe reciprocation




sel ect ed dependently on required specification and application field of the
anti-reflection nenber, and nay be selected fromplastic materials or glass
materials. When plastic naterial is selected to formthe substrate,
exanpl es include, for exanple, polyethylene- terephthalate (PET),
pol’ycarbonate (PC), polypropylene (PP), polynethyl-nethacrylate and
copol yner thereof, unsaturated polyester, acrylonitrile-styrene copol yner,
vi nyl chl ori de, pol yurethane, epoxy resg? and cel |l ul ose- based resin such
as triacetyl-cellulose and diacetyl- ¢ 4u|ose, anong these material s,
pol yet hyl ene- tfre ht hal ate (PET) or polycarbonate (PC) is preferably used.
The form of FREBUBNGE: Eramy3Betei ¢ty sHaeradresion atigngth waehR@nt |y on
crequited spegkligat} o8, 808n2EPnd ‘Gl SRindt Fon SENT 50 FedlSeeRetogte 1o

cycles. All delamination of the reflection preventing

optical thin films was caused between 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

forming of second layer a@nd 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,



limted, and nmay be sel ected dependently on required specification and
application. A hard coat |ayer may be forned on the back side (the side on
which the reflection preventing optical thin filmis not formed) of the
anti-reflection nenber dependently on application of the anti-reflection
merber. Exanpl es of application of the anti-reflection nenber in accordance
with the first enbodi nent and the second enbodi nent of the present

i nvention include, for exanple, applicaid on on:the panel surface of cathode
ray tubes, and the surface of picture di'splay portion of liquid crystal

di spl ays, plasma displays, and EL displays, and for exanple, application as
filter to b@pMRASNGIF I spaditerdngd azensbevinay Buschematigppackiadn on t he
surface of various opt.ical |enses. For exanple,.on the back side (the side

| e
on whi ch t hEHPESTSES T IQevie¥ RF: the: PRER1BEY RBtiFTEELEFEdON On menber

i n accordan i th.the . first. enpodi nent _and.t he _second _enbodinent of the
present invgﬁ?ﬁ%ﬁ?lﬁhsgﬁﬁ@%ﬁye P§Ye§? In %lgfnz'-%ge £i78t layer

of the reflectiqn 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 inké 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 : 4 W/ cm? j;
Atmosphere gas : Ar + N, ;i'_ 50 $ by volume)

Atmospheric pressure: 0.2 Pa



or pressure sensitive adhesive layer is forned, and the anti-reflection
menber may be applied on the panel surface of a cathode ray tube with

i nterposition of such 24 adhesive | ayer or pressure sensitive adhesive

| ayer. When, by applying the anti-reflection nmenber with pressing thereon

I n*vacuum trapping of air between the anti-reflection nenber and the panel
"~ surface of the cathode ray tube is prevented.- Further, ultraviolet- curing
resin adhesives are also used effectively. On the uppernost |ayer of the
reflection preventing optical thin fil@%a |ayer consisting of
fluorine-based naterial such as polytetra- fluoroethylene,

tetraf | uor ocd@yathe- p8rtPubhe- epryentiongl -meted coheWy nip Table 4,

pol ychl oro-tr roet hyl ene, _tetrafl uoroet hyl ene- et hyl ene copol ymer,

i fl | 0
chl or o- the grst 1¥yer of the reflectloxfpgeventfhg optiégl
thin film is a transparent oxide Eiim {thickness is 4
nm) formed by RF spattering using”ggtarget of oxide.

the second layer and the third layl”

-of the reflection

preventing optical thin £ilm, anag_ fd coat layer and

substrate have the same structurééjgs those films in
Example 2.  The structure of the'éﬁfi-reflection member
when the transparent oxide film (tﬁ; 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.

Si0,, Zro,,

Target 3
Power density : 4 W/cm?
Atmosphere gas : Ar + O, (Qi: 50 $ by volume)

Atmosphefic pressure : 0.2 Pa




.trifluoroethyl ene-ethyl ene copol yner, polyvinylidene- fluoride, and

pal yvinyl -fluoride nmay be fornmed to prevent staining with fingerprints. In
this case, the thickness of the layer may be 3 to 100 nmso as not to

i nfl uence adversely on the reflection preventing effect. Filmthickness of
the first layer and the second |layer of the reflection preventing opti cal
thin filmof the anti-reflection nenber in accordance with the first
enbodi rent of the present invention, or3filmthickness of the second |ayer
and the third layer of the reflection preventing optical thin filmof the
anti- reflection nmenber in accordance with the::second 25 enbodi nent of
the present invention nay be detern ned accor-ding to the filmthickness
det ermi ni ng net hod based on two Badykal &tructure with V-shape structure
and W i .

Targot | Asimperioses | pue. | myingo
Beample | Torget | i gg;’%;y | 3&“:&%&5“’ | e | et
' (W/cm’) Qe ] (Pa)
2 zZr Zr O, 4 20| 80| 0. 2 5
Ti | TiOg 4 20(80] 0.2 4
Si Si0, 4 20|80 0.2 4
Si |SiO;¢Neadl 4 20160 0.2 4
Sn | SnO, 4 20.|80| 0.2 5
Cr Cr;0, 4 30|80} 0.2 5
'Si0; | SiO0, 4 50|50 0.2 0
2r0, | 2ro, | 4 50|50| 02| 0
comn. | Ti0z | Ti0; 4 50.| 60| 0.2 | 0
thed Sno, SnQ; 4 501501 0.2 0
Cry0; | Cr,0, 4 |50)|50] 0.2 0
Zn0 | 2ZnO 4 50{50| 0.2 | O
el X

Note: Attgosphere for film forming of Si0; sNj 3
Ar/0,/N, = 20/60/20 (volume L)




shaped structure conprising what is called ([err]/4-[err]/2) filmor the
filmthickness determ ning nmethod based on three | ayered structure
conprising what is called ([err]/4- [err]/2-[err]/4) film In conventiona
art, an I TO |layer is fornmed by spattering using a target of oxide ITO On
the other hand, in the anti-reflection nmenber or the manufacturing nethod
thereof in accordance with the first enbodi nent of the present invention,
the tranSparent conductive oxide filmssich is the first layer of the
reflection preventing optical thin filmin contact with the hard coat |ayer
Is formed by reactive ggysical vapor phase deposition. \Wen reactive
spattering using a netEeroevaluayienroftadhesten t@dhestenrve physical vapor
phase deposition, the spattering is-carried out. under .a spattering

condi tion of SFReRFERLr Plidingchesh  vae canied ionhl 13 pRe $3MQ) t echni que

in which a oxide target is used., In this case,. when spattered particles
are deposi t P¥RSH ﬁ%réeﬁﬁﬁfg?gyb?,E %tﬁfy;%&?ﬂi?% _result shown

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

strength) between the first layeri_hdﬁhéﬁﬂudbat 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-chéﬁber 30 which can be
brought to a reduced pressure atmdé%here, and a roll

£film winding chamber 22 for winding ‘the film 10. A

" plurality of cathodes 32 is provide 'in the spattering

chamber 30. A target (not shown #ﬁftbe figure) is

placed on each cathode 32, oxygeﬁ%j@géatmpsphere is




particles are not deposited on a hard coat |ayer, but partially act

nmet al

or alloy spattered particles are

and react with oxygen atons in nol ecules which fornms the hard coat
thus the reaction results in chem cal strong adhesion. As the result, the

adhesi on (adhesion strength) between the transparent conductive oxide film
and hard coat layer is inproved. In the anti-reflection nenber in
accordance with the first enbodi nent of34 he present invention, the
conbi nati on of the transparent conductive oxide filmw th the second | ayer
| eads to the effective prevention of light reflection, on the other
t r anspar ent fosmedc onv eashi ¢athodm pnosfades thussvariecusubbinofilmg
el ectromagnetic radiation shielding function to the anti-reflection nmenber.

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

ive

26 deposited on a hard coat | ayer

| ayer,

hand,



Ln the case that elements which formthe conductive |ight absorbing film
haye no or little affinity with oxygen in nolecules which formthe hard
coat | ayer, adhesion between the conductive |ight absorbing filmand hard
coat layer is considered to be insufficient. On the other hand, in the
anti-reflection nmenber or the manufacturing nethod thereof in accordance
with the second enbodi ment of the present invention, the transparent oxide
filmwhich is the first layer of the reflection preventing optical thin
filmin contact with the hard coat Iaye*ois formed by reaction physi cal
vapor 27 phase deposition. Wen reactive spattering using a netal or
al | oy target compuiedngstranspavenphoxidel fidpoispharwedepastheéohardhe
spattering is carried out under a spattering condition of insufficient
oxygen unli keoat layer by reactive spattering using a target of

metal or alloy, subsequently the second layer of the

reflection preventing optical thin'film comprising a

conductive light absorbing film is formed on the first

layer by spattering, subsequently-thé 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 case of the spattering

equipment disclosed in the Japanqsé 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 discléééa in this Japanese

Patent Laid-Open, the spattering fuipmént is very

complex, the productivity of metal<oxide film is low.

On the other hand, the frpc?ﬁré of the

spattering equipment shown in Fi ;S;isfsimple, and the

4



.conventional spattering technique in which a oxide target is used. In this
case, when spattered particles are deposited on a hard coat |ayer
conpl etely oxidized particles are not deposited on a hard coat |ayer, but
partially active netal or alloy spattered particles are deposited on a hard
céat |ayer and react with oxygen atons in nol ecules which forns the hard
coat layer, thus the reaction results in chem cal strong adhesion. As the
result, the adhesion (adhesion strengtl) between the transparent oxide film
and hard coat layer is inproved. In the anti-reflection nenber in
accordance with the second enbodi nent of the present invention, the
conbi nat i on hdfght pe ocdmmtistiitye priogwetibgoplfi kthef mudtidawerkd third | ayer
| eads to the effective prevention of light reflection, on the other hand,
conducti ve [Hefieciicsy mneyentingoprigad shinsfalmcisupespdhland
el ectromagnetic radi ati on shreldin%dfunction tQ thg anti-reflection nenber.
The transpardit® FheaPraduation, coptqed kbenantirreELLEELPBnmLBREEi on by
adj usting the :
J g 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 formed, the anti-reflection member is
applied on the panel surface of a cathode ray tube with
"interposition of such adhesive layer or pressure
sensitive adhesive layer, then the cathode ray tube
applied with the anti-reflection member on its panel
surface is obtained. When, by applying the anti-
reflection member with pressing thereon in vacuunm,
trapping of air between the anti-reflection member and
the panel surface of the cathode ray tube is prevented.
Further, ultraviolet-curing resin adhesives are also
used 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



filmthickness of the transparent oxide film The 28 transparent
filmis provided with antistatic function and el ectromagnetic radiation
shi el ding function by using a conductive transparent oxide film BRI EF
DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic partial cross-sect
view of the anti-reflection nenber of Exanple 1. Fig. 2 is a schematic
partial cross-sectional view of the anti-reflection nenber of -Exanpl
Fig. 3 is a schematic diagramof a spatterlng equi pnent suitable for
conti nuous manufacturing of the antl-reﬁﬁectlon menber -of the present

I nventi on.

Figs. 4A and 4B are a schematic parti.al cross- sectional

a convent|onmatanialsefthmcknesspnbnd sandcauseheﬁathe peflieation
cross-sectional view of the:

preventing optlcal thln fllms, spatterlng condltlons,

and further, materlals of the substrate and hard coat

X

layer, and the structure of the spatterlng equlpment for
continuous fllm formxng of the reflection preventlng
optical thin fllm are described only for’ example, and
may be changed de51rab1y.

Accordlng 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 layernis'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 reflectxon preve'dlng optical thin film

and anti~reflection members are

‘low cost level. Moreover, it is not

necessary to'u ioz, Zr0,, and Ta,0y, which have slow

deposition speJ_ n spattering, and ¥,03, which is

expensive, and 1nstead, for examp 5ITO, Sn0,, Zn0, and

I,0;5 can be usgd economically, thgéfthe_film forming

oxi de

i onal

e 2.

vi ew of



anti-reflection nmenber proposed by the applicant of the present invention
I n, Japanese Patent Application Hei 7- 170925 (1995). DETAIL DESCRI PTI ON OF
PREFERRED EXAMPLE The present invention will be described in detai

herei nafter based on exanples referring to the draw ngs. 29 Exanmple 1
Exanple 1 relates to the anti-reflection nenber and the manufacturing
nmet hod thereof in accordance with the first enbodi nent of the present
invention. In Table 3, target materialyg and filmformng conditions for
reactive spattering (in detail, DC magnetron spattering) are shown. A
schematic partial cross-sectional view of the obtained anti-reflection

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 the 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 be thin, therefore it

is possible to manufacture anti~reflection members at a

reduced cost. Moreover, for example, by using reactive

DC magnetron spattering, the £ilm forming cost is

reduced, thus the manufacturing cost of anti-reflection

members is reduced.



menber is—shown in Fig. 1. In Fig. 1, the first layer of the reflection
prgventh§ optical thin f|In1|s a transparent conductive oxide film

(t hi cknes mﬂlwﬂ"lmum d by reactive DC nmagnetron spattering. The second
| ayer of K eventing optical thin filmis a Sigerr] film

with a thicknésstof* 2¢ nrh'f or med by conventional spattering using a target
of oxide. The third layer of the reflection preventing optical thin film
is a transparent conductive oxide film (thickness is 100 nm forned by
reactive DC magnétron spattering under 4he same conditions for forming the
first layer. The fourth layer of the reflection preventing optical thin
filmis a Sigerr] fil|WHATtHS CLAIMBIMEES: of 85 nm forned by conventi onal
spattering. The hard coat |ayer consists of PMVA., The substrate consists
of PET. Film 30 l. An anti-reflection optlcal element
comprising;
' a substrate,
a hard coat layer,
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 the first 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, In, and alloy

consisting of In and Sn.

4. The anti-reflectio :'ﬁtical element as

claimed in claim 1, wherein an e eﬁ nt having higher
oxygen affinity than that of the’'element mainly

contained in said transparent ox

“ﬁli‘iiﬁ :iiifﬁiii I fin



'torn1ng spatterliﬂﬂcondltlohs f or form ng the second fayer and the fourth

| ayer are sho ﬂ”ﬂunm l"larget . Sigerr] Power density
5 VVcn{err] . Ar Atnospheric pressure: 0.2 Pa A

anti-reflection mefbet Havi*ng*t he same structure was prepared by
cohventional method. In detail, as to the conventional nethod shown in
Table 3, the first |ayer of the reflection preventing optical thin filmis
a transparent conductive oxide film (thickness is 15 nm forned by DC
magnetron spattering using a target of 48xi de. The second | ayer of the
reflection preventing optical thin filmis a SiJerr] filmw.th a thickness
of 20 nmformed by conventThmaintpatafiagiyasioptixalarejement @8 de.  The
third layer of the reflectjon preventing optical thin layer is a
transparent kIR | i elabe ¥i Iwvheneiinigadd 5@01'@0 layer slopt@img pC
magnet r on spaﬁgerlnquu5|ng a target of

2

6. The anti-reflection eggjcal element as
claimed in claim 1, wherein said hefé.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 CrO; (X = 0.2:to 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 Replace
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:oxi de. The fourth |ayer of the reflection pfévgﬁying optical thin filmis
a.Sigerr] filmwth a thi cknessumuﬂmmuﬂmﬁﬂ;.by conventional spattering
using a target of oxide. The su | .of PET. The sanme film
formng conditions as used in Exafhpl® 1 wére®us&d :f or 31 forming the
seécond layer and fourth layer. Filmformng conditions for formng the
third layer by spattering are shown herein under. Target :
| TO Power density © 5 Wcenferr] M@&osphere gas . Ar At nospheric
pressure: 0.2 Pa
11. The anti-reflection optical element as
- claimed in claim 10, wherein said conductive light
absorbing layer contaiﬁs 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 £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
f£ilm 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
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32 Table 3 Atnospheric gas At nos- Rat i ng of Transparent Target

concentration pheric adhesi on Exanpl e Target mat
power (volune % "pressure strength oxide f| I m e“ Hm] mlm”ﬂl

(Wcnjerr]) Ar CIerr] - (Pa) 1 I n-Sn al

0 s 100 0. 4 1n-Sn alloy ITO

0.2 4 1 n-Sn aIon .1 TO 2 0 100 0.2

4 In-Sn alloy | TO 2 4730 70 0.2 5 Sn
net al Sng err] 4 0 100 . 0.2 5 Sn neta
Sng err] 4 30 70 0.2 5 Sn net al

Sng err] wheZein said tak@et.is Sn, Zn,0I3, and Bl3pynepasisting

Sng err] 2 30 70 0.2 5 Zn net al Zn0O
4 0 dfddn and Sn. 0.2 3 Zn netal ZnO 4

30 70 0.2 3 Zn net al 2 0 100
0.2 3 Zn net al 15. A mafbod for mqgufacturg@g the anti- 0. 2

3

reflection optical element as claimed in claim 13,
wherein an elemeﬁt having higher dxygen 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 optiéal 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 opt“ﬂ'l element as clalmed in claim 12,

wherein the thigkness of said trangparent oxide layer

ranges from 1 to 20 nm. oo e,
.This Sheet Has B
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| TO oxi de " TTO T 0O 100 0.2 0 Conven-
| TO oxi de 50 50 0.2 0 tiona
170 oxi de ||II|I ||III||I|lII|I|l 0 100 02 0 method
| TO o 50 50 0.2 0 33

Sl1d|ng test was carrled out for eval uation of adhesion (adhesion
strength). The sliding test includes follow ng procedures. Four pieces of
cotton cloth inpregnated with ethyl al¢®hol are wound on a steel ‘ball wth
a dianmeter of 20 mm 3 kgf of load is | oaded on the steel ball and the

| oaded steel ball is brought into a contact with the uppernost |ayer of a
reflecting preventing 2t i calmettiod fidmmemdistfucing i tantist eel ball is
reciprocated horizontally between 10 cm distance. The number of .
reci procat i FeikGtiomoptieal element as clalmeq in claim 12,

.consists of at

wherein said transparent oxide lay

least one material selected from a-

2r0,, TiOy (X = 1 to 2), SiO.N, (X';fljto 2, Y = 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 claiﬁo& 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 olaiméd in claim 21,
wherein said conductive light absogfing layer contains a
material selected from a group composed of Ag, Au, TiNX
(X=03tol),Pt,TleNY(X=03tol,Y<1,Y§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.

23. A cathode ray tube

a glass bulb having a neck ‘portion, a funnel

portion, and a panel portion;

outer surface of the pan 8 provided with an

anti-reflection optical element having the structure

described in claim 1.
Q Thts Sheet Has Bee
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bal | causes del anination of the reflection preventing optical thin filmis
nmeasured for rating of adhesion (adhesion str tyi result of
adhesi on (adhesion strength) is shown in Tabl rlmnmm-lml’mmlws'f rength -
rating of "0" represents the delanmi nating withih F cyclé&s &f reciprocation.
The adhesion strength rating of "1" represents the delamination in the

reci procation cycle range froms to 10 The adhesion strength rating of
"2" represents the delam nation in the reciprocation cycle range from10 to
20." The adhesion strength rating of "3" represents the delam nation in the
reci procation cycle range from20 to 30. The adhesion strength rating of

"4" represents the del 2%i-nadi 6athadensayetubeosat cbaimed3incodaimr ange from

30 to 40. The _adhesi on strength ratlng _
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.

This Sheet Has Been Re
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of "5" represents no delam natien until 50 reciprocation cycles. A

del am nation of the reflection preventing optical thin filnms was caused
between the first layer and hard coat layer. Fromthe Table 3, it is

obvi ous that the adhesi on (adhesion strength) between the first |ayer and
hard coat layer is greatly inproved for the anti- reflection nmenber

manuf actured by the manufacturing method @@ the anti-reflection menber in
accordance w t nt £

conpari son w %ﬁTtI hgﬁg%%;?iff}%?”ﬁ%%%t%% i&&ﬁ g@%ﬁ@{gnﬁ%%éoﬁvent i onal

met hod. The case in which DC magnetron o *EW|ng using Si target in oxygen
gas atnosphere is applied instead of AREE éggiterlng for formng of second

| ayer and fourth | ayer_ gives .t re Eﬁgﬂg le 2 rel ates
to the anti-reflectiod %gﬁﬁe %ﬁiféﬁﬁ??@ﬁ% act ring néf hereof in

antistatic functlon and electromagnetlc radiation

shielding functlon and having a reflectlon preventing
optical thin fllm excellent in adhe51on with the hard
coat layer is provxded

The antl-reflectlon member comprises a
.laminate composed of substrate, hard coat layer, and
reflection preventlng optical" th1n f11m having at least
two layers, the flrst layer of the reflectlon preventing
opt1ca1 thin fllm prov1ded in contact with the hard coat
layer comprlses_awtransparent condgctlve oxlde £ilm (for
example, SnO,, %n0, In,0;, or ITO) formed by reactive
physical vapor-pﬁ#ée deposition, and the second layer of
the reflection pfe&enting optical thin £ilm consists of
a material (for'éxémple, sio, origéﬁ;) having a
refractive indegtsméller than thagiof the first layer.

Fic i heet Has Been Re] Iaced
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accordance wth the second enbodi nent of the present invention. In Table 4,
target materials and filmformng conditions for reactive spattering (in
detail, 35 DC magnetron spattering) are shown. A schematic partia
cross-sectional view of the obtained anti-reflection nenber is shown in
Fig. 2. In Fig. 2, the first layer of the reflection preventing optical
thin filmis a transparent oxide film (thickness is.- 4 nm fornmed by
reacti ve DC magnetron spattering. 14Be second | ayer of the reflection
preventing optical thin filmis a Ti NX (X=about "0.9) filmwth a thickness
of - 10 nm fornmed by reaction DC nﬁ?netr n spattering in a nitrogen gas
at-nosphere using a target of Ti. hE-third | ayer- of the reflection
preventing optical thin filmis a Si@ with a thickness of 100 nm forned by

conventional spatigyiiih) thin film for preventing reflection

g

Fourth layer

Third layer

;1;§—' Second layer

First layer

Hard coat layer

Substrate

Adhesive layer

Fig. 2

Optical thin film for preveﬁting reflection

///;/<)/<//C//2)/;//;//’;\ Third layer

N Second layer

First layer

Hard coat layer

Substrate

Adhesive layer
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using a target of oxide. The filmformng conditions for formng the third
| ayer i s the sane as those used in Exanple 1. The hard coat |ayer consists
of* PMMA. The substrate consists of PET. Filmformng spattering conditions
fof formng the second | ayer are shown herein under. Target :
Ti» Power density : 4 Wcnferr] Atnosphere gas : Ar + Nerr]
(Nferr]: 50 % by vol une) Atnospheric pressure: 0.2 Pa A anti-reflection
nmenber having the sane structure was prepaf®ed by conventional method. In
36 .detail, as to the conventional nmethod shown in Table 4, the first |ayer
‘of the reflection preventing opti ciaigt I*3n filmis a transparent oxide film
(thickness is 4 ' )




nn) fornmed by RF‘spattering using a target of oxide. the second |ayer and
the third layer/of the reflection preventing optical thin film and hard

: comt |ayer and substrate have the sane. structures as those filns in Exanple
. 2. _The structure of the anti-reflection menber when the transparent oxide

' f|§n1(the flrstblayer) Is not provided is the same. Filmform ng conditions
‘for formng.the*first layer by spattering are shown herein under. Film
form ng condltlons for formng the secord¥3 ayer and the thlrd | ayer by
spattering are. sanme as those in Exanple 2. Target

sSigerr], ZrQe ~Power densi tyE 4\&04 Wcnferr] Atnosphere gas

LA C{erT __err] 50 % by vol F&% spheric pressure : 0.2 Pa 37

S _jpptlcal thin film for preventing reflection

| ///;//;/(;/f;/ﬁ//f/// ‘.;;.Fourth layer
KKK i o

... Second layer

' 1}First layer

- 'Hard coat layer

f Substrate

/—\/,- “'Adhesive layer

Fig. 4B

Optical thin film for preventing reflection
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Iébﬁé 4 AtnDspApric gas Transparent Target | @iﬁ{ﬁﬁmg&géhuu At (S Tees

Rati ng of Target conductive power EET pheric
adhesi on Exanpl e materi al oxide film denjty

pressure strength (Wcnferr]) Ar Jerr] 1QP@ET$E98 4r
Zrgerr] 4 20 80 0.

Tigerr] 4 20 80 70. A4S

Sigerr] 4 20 ' 80 0. 4 S

Si[err]Nerr] 2

Sng err] absprptlon ggpffgglent changgszdependenglgron wave
g[cf;]r]qe”] qgth. Reégect\})@n is prevegtgd for th@ zlllgeg:ange of

_%Ir gg”% wa\Qf: lengthSOp_-r:eggntion of lb:ggt with tgxe[ iwdﬁﬁqn'ra '%%f
S 4 50,4205 2 +1.9 60
C;[qe(ra;.]r]qerr]wﬁf e%???f%r?faojgo 650 ngté Qs5goss1ble e'&%&gci(k the 0 ZnO

Zn0o . Eﬁéif ion]ﬁf%¥$ﬁging optical ¢hin film' H¥¥ & e« "Psphpre for

filmformng err
structure. The 1ight transmittance of these materials

ranges from 70 to 90 %, hoﬁever, because the two 1éyer
structure can be used for the reflection preventing
optical thin film, therefore the low light transmittance
of the conductive light absorbing f£ilm does not cause
any problem. |

However, it was found that the adhesion
(adhesion strength) of such conductive light absorbing
film to a hard coat consisting of polymethyl-

methacrylate was insufficient.

EP-A2-0 200 452 discloses a light-transmissible plate for
CRTs compfising a transparent base plate, a hard coating layer
on the base plate, an electroconductive layer on the hard
coating layer and a layer having low refractive index on -the
electroconductive layer. For depositing the electroconductive
layer on the hard coating layer a sputtering method is carried
out under suffiéient oxygen conditions so that oxidized
particles are deposited on the hard coating layer thereby
forming the electroconductive layer.

US-4 804 883 A discloses a CTR screen attachment on a grey
glass screen with an anti-reflective coating applied to its

front surface and a metallic absorption coating applled to its
rear surface.




Ar/derr]/Nerr] = 20/60/20 (vol ume % 38 For Wa}\@mm\ﬂn‘lﬁﬁﬂadhesi on
“(adhesion strength), sliding test was carried outr+a—the—sane-Tanner as
described in Exanple 1. Fromthe result shown ijp {Tahl e él i 4 Qbvi ous
that the adhesi on (adhesion strength) between the fildsP Tébé@ dnd hard coat
| ayer is greatly inproved for the anti-reflectipninegber manufdctjured by
the manufacturing method of the anti- reffectioh nenber in accordance with

h d enbod f.th
ant 1 -refl ect i on member  MIRKSAAR o0t byt y e R ERCT oG ChE, RaA e
econa. enbo: AT o s b *F?éﬁ"fé?%? PP RERLY Brcddd 2o

nven |on prevention op ca
with antistatic function and electromagnetic radiation

shielding function and.having a.reflection preventing
optical thin film excellent in édhesion to.a hard coat
layer, and a manufactﬁring methéd.thereof, in addition,
a cathode ray tube having a front panel applied with

such anti-reflection member.



_,thl n films can be forned continuously using a spatteri ngrqupmmgmﬁmr&ﬂﬁm
schematically in Fig. 3. The spattering equi prent conpr jj sg¢s—e—~tott+—Httn

feedi ng chanmber 20 for unwinding a roll film 10 on whichja ai)g g‘@ ayer
is formed previously, a spattering chanbeg 30 which can br éﬁﬂﬁt 8

reduced pressure atnosphere, and a roll filmw nding chadber_22 for. w ndlnj
he spattering

the film210. A plurality cumeiiodss S8k i gyEeviched i n
chanber 30. A target (not shown in the figure) is place

32, oxygen gas atnosphere is 39 forned on each cat hode surface, thus
vari ous thi nahi |amt &reefbeceitbs umesebeirvely @rcoddamtecouithaydie bgireacti ve

anti T oPTRofinet oY CRR RRTIAR, caivepitely 17 CpUBLERhC che  appye
present mentioned object is the anti- reflectlon member comprising a
laminate - of substrate, hard coat layer, and reflection
preventing optical thin film having at least two layers, wherein

the first layer of the reflection preventing optical thin

film in contact with the hard coat layer consists of transparent
conductive oxide film formed by reactive physical vapor phase
deposition,

~ the second layer of the reflection preventing optical thin
film consists of a material having a lower refractive index than
that of the first layer,

wherein said PVD method is a reactive spattering method
using a target of metal or alloy and wherein said reactive
spattering is carried out under a spattering condition of
insufficient oxygen, and

wherein a second element having higher oxygen affinity
than- that of a £first element mainly contained in said
transparent oxide layer is contained in said transparent oxide
layer in an atomic ratio of the second element to the first plus
second elements of 0.001 to 0.1.

A manufacturing method of an anti-reflection member in
accordance with the first embodiment of the present invention
for achieving the above-mentioned object is the manufacturing
method of an anti-reflection member comprising a laminate of
substrate, hard coat layer, and reflection preventing optical
thin film having at least two layers, wherein

the first layer of the reflection:preventing optical thin
film in contact with the hard coat 1ayerf¢onsists of transparent -
conductive oxide film, and ;; )

the second layer of the reflection%ﬁreventing optical thin
film consists of a material having a lowei refractive index than
that of the first layer, '

the transparent conductive oxide film is formed by reactive
physical vapor phase deposition in form of a reactive spattering
method using a target of metal or al_'ioy and said reactive



i nvent| on using a spattering equi pment having such strulctﬁiﬁ’éACE“dlﬂ% ibﬁﬂn
whi ch a hard coat | ayer had been fornmed previously is f) d TomMThe ToIT]
filmfeeding chanber 20, the film 10 is wound around th Irg ?41??@ the
spattering chanmber 30, while, the first layer conprisin 3 E’g
~conductive oxide filmis formed on the hayd coat |ayer py

spattering using .a target of netal or all ?/ subsequent]y the second Iayer
of the reflection preventing optical thin filmis fornmetonthefirstTayer
by spattering, then the film 210 conpri si ng the reflection preventi ng
optical thin filmformed on_the _hard coat.layer is n the.rol flé{ﬂ

wi ndi ng clERARIANT FdS nﬁﬁﬁFéE?ur‘?‘fﬁ; St 2 -rgPﬁgg?ﬁiﬁgne%% 17"}1011
accordance’.nddﬂf:tdneerﬂeomx;cgmmmhdmnt of the present invention, film210 on

whi ch a hard coat f—rﬁﬂ BLEV Sohéf SEpat herFld

filmfeeding chanber abfespel%ofn%ogggmv\oun ar, 0%15 ié ?lﬁe rol }ré% 34 1n tt:f‘ye

spat t er i ng-hemnp@rao, ofihi fe, ELKEL! | PAEMPRFer Mainly contained in said
transparent ox1de_e layer is contalned __t__ln said transparent oxide
layer in an atomic ratio of the second element to the first plus

second elements of 0.001 to 0.1.



40 conprising transparent oxide filmis formed on the harqd t \
réactive spattering using a target of netal or all oy, subseﬁgp#ﬁdﬁ?%ﬁiﬁﬁ%fT
second | ayer of the reflection preventing opti.cal thin fillmjconprising a-
conductive light absorbing filmis formed on:the first |ayje ;Bd@ﬁffﬂﬁ‘?an
subsequently the third layer of the refleg tlon preventingjoptical thin film
is formed on the second layer by spatterifg, and then the{fiTm 10 _
conprising the reflection preventing optical thin filmforloed an the hard
coat layer is wound in the roll film w nding chanber 22. For exanpl e,
Japanese Patent Laid-Open Hei 2- 4967 (1990) discloses a method for formng
an oxide filmusing a netal target. In the case of the spattering

equi pnrent di sclosed in the Japanese Patent Lai.d-Open, a

Sl

Wherein, the “transpa:égt" of the transparent
conductive oxide £ilm means the_gpsorption coefficient «
based on Lambert's law of 0 to 0;3, preferably, 0 to 0.2
when a light with a wave length éf 550 nm is
transmitted. The "conductive" of the transparent
conductive oxide film means the value of resistance
measured by eddy current method éf 1 x 10 to 1 x 104
Q/0, preferably, 1 x 10 to 5 x 103 Q/0O.

In éhe anti—reflectionimember or the
manufacturing method thereof in the first embodiment of
the present invention, examples of the reactive physical
vapor phase deposition, namely, thsical vapor phase
deposition (PVD, Physical Vapor Qgposition) accompqnying
chemical reaction between at leagt partial material to
be deposited on the hard coat layér and the material
used for the hard coat layer, inélude:

(A) various vacuum dep&%ition such as electron
beam heating, resistance heating;éand flush deposiﬁion,

(B) plasma deposition,?ﬂ



station for formng nmetal layer and a station for forninF?HﬁLﬁ@ﬁﬁ%?%ﬁﬁ@El
oxidizing the forned netal |ayer are provided separatelyl @E-substratre
passed by these stations repeatedly to formdesired neta oxH%gc%ﬁy a.
According to the technique disclosed in this Japanese Pa}l ent ‘lfai -Cﬁ@ ,
spattering equi pnent is very conpl.ex, the&ﬁroductivity o] ' Hl
Is low. On the other hand, the structure “the spatterihg equi pnmrent shown
in Fig. 3 is sinplee, and the 41 high productivity pro#8tetiomrof—tte
multilayered reflection graventi: | g Y | | {ple, thus the
RS Q/éx!lle@'x&s?%ﬁga}g%:tlw Jidinds possiLt

production cost of the anti’-r er tan be suppressed to a | ow

level . On the ?gﬁlﬁt%iﬂ%g(,t?ﬁ: Hl QL WY b ke €Ash Spyetet Engot highmed)
nti - ’

of the substrate of thea
frequency spattering, magnetron spattering, ion-beam

t He

spatteéing, and bias-spattering, and -

(D) various ion-plating such as DC method, RF
method, multi-cathode method, activation reaction
method, HCD method, electric field deposition, high
frequency ion-plating, and reactive ion-plating,

wherein among these methods, reactive
spattering using a metal or alloy target, preferably, DC
magnetron spattering is used. In this case,
a.target consisting of Sn, Zn, In, or In-Sn alloy is
preferably used. When Sn is used as a target, a
transparent conductive oxide film obtained by reactive
physicél vapor phase deposition consists of SnO,. When
Zn is used as a target, a transparent copductive oxide
film obtained by reactive physical vapor phase
deposition consists of ZnO. When In is used as a
target, a transparent conductive oxide film obtainedhby ]
reactive physical vapor phase deposition consists of
In,0;. Further, when In-Sn is used as a target, a
transparent conductive oxide film obtained by reactive
physical depositioh consists of ITO. Spattering is

carried out in an O, atmosphere for the reactive



reflection nenber in accordance with the first and second g@wmﬂm:ggggtke
present invention, an adhesive |ayer or pressure sensitije i ,
for exanple, consisting of ultraviolet ray curing acryl -papked adhe5|ve IS'
formed, the anti-refléction menber is applied on the pankl| sd BEd 19882
cathode ray tube with interposition of such,adhesive |ayprjior pressure
sensitive adhesive |ayer, then the cathode ray tube appljed wth the
anti-reflection nenber on its panel surface is obtained. Lhen—-by—apphlyi-ng
the anti - reflﬁfééwrm?rberow thePbEREENHahBGr epAtitR riAgUUR daratipdg of
air between the anti-reflection nenber and the panel surface of the cathode

ray tube is pr&Y@niﬁdanFNHd)?r (contéayi of eb; Cig i agLoesOnveliimei wgs are al so
used effectively. The present invention has®been described based on

preferred exargtmsspreéeenbet ocenviavevaal thatreedant usiventammiiddy no
means limted to these exanples. The

target.

To improve the adhesion to a hard coat layer,
~an element (referred to as element

B) having the same or higher affinity with oxygen as an
element (referred to as element A hereinafter) which
constitutes the transparent conductive oxide film is
contained in the transparent conductive oxide film. 1In
general, the affinity of an element to oxygen can be
estimated from the standard free energy of formation of
the oxide. 1In other words, an oxide having smaller
standard free energy of formation forms oxide easier.
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 element A and element B
are listed in Table 1. The ratio element B/(element A

+ element B) (in atomic ratio) is 0.001 to 0.1,

preferably 0.005 to 0.05.

Table 1

Element A Element B



42 materials, thickness, and structure of the reflectron preventing_optical
thin filnms, spattering conditions, ‘and further naterlalstmmULﬂgmﬁu@§Erate
and hard coat |ayer, and the structure of the spatterlng egu-pReht
continuous filmformng of the.reflection preventing optical thin frlw are
described only for exanple, and may be chgnged desirablly; AtZ2dEl A& o t he
anti-reflection nmenber and the nmanufacturing nethod thereof in accordahck
with the first enbodi ment of the present invention, thé adhesion between
the reflection preventing optical thin film and hard caat. . layer..is.-greatly
i nproved, and the anti- reflection nmenber having high reliability for

cl eaning and dge, rsapdowrdedanaha—thamapa&enunCQBdu®hmvaumbdksﬁl|rn
functions as a hlgh refractive index |ayer, therefore it is not necessary
to forma hi ghonsefis&dngvef the same or different materials selected

from the group composed of S§i0, and MgF, (for example,
§n0, layer/SiO, layer/ITO layer/siO, layer). In this
case, a Sn0O,, ZnO layer, I,0; layer, or ITO layer of
(2N-1)th layer (wherein 1 < N) may be formed by, for
exampie, eigher reactive spattering or conventional

spattering using an oxide target.



,|ndex | ayer and conductive |ayer separately, thus thef sfructure of tHhe

nEFLAVEMENG ofibb

reflection preventing optical thin filmis sinplified andg 2007-19681 gctli on

menbers are. manufactured at a | ow cost |evel. Moreove
to use Tigerr], ZrJerr], and Ta[errC{er& , - Whi ch haye*stowdeposit1 on
speed in spattering, and Y[err]CIerr] whi¢h is expendive, and insteadd for

exanpl e,

TR be 111 (i c4als - Aedlild Lt eril °1%] 1888: b5, Lo @copRr cablys

S SU presse nanufacturlng cost

of anti - r%ﬁ@?&&W?ﬁFnﬁﬁbéhg P§V?§§m@@df°Al§§haSHéPauﬁ&etébpwé mentioned
anti - refl eshi et nesdyerisesl 4 hmmma‘eacamrsutg;trméod hhbrar eohti Dageeor daace

1L, U SEspIU e L PEDLy olod oo PLEZP Ly 0V EDIK Ll 20753400, biLugeD

i nproved, haYie¥de wherein

I'Ag op m an ayer-rscgreatly

the first layer of the reflection preventing optical thin
film in contact with the hard coat layer consists of transparent
oxide film formed by reactive physical vapor phase deposition,
and

the second layer of the reflection preventing optical thin
film consist§ of conductive light absorbing film,

" the third layer of the reflection preventing optical thin
film consists of a material having a lower refractive index than
that of the second layer,

said PVD method is a reactive spattering method using a
target of metal or alloy and wherein said reactive spattering is
carried out under a spattering condition of insufficient oxygen,
and

a second element having higher oxygen affinity than that of
a first element'mainly contained in said transparent oxide layer
is contained in said transparent oxide layer in an atomic ratio
of the second element to the first plus second elements of 0.001
to 0.1.

The manufacturing method of an anti-reflection member in
accordance with the second embodiment of the present invention

- for achieving the above-mentioned object is the manufacturing

method of an anti-reflection member comprising a laminate of
substrate, hard coat layer, and reflection preventing optical
thin film having at least three layers, wherein

the first layer of the reflection preventing optical thin
film in contact with said hard coat layer consists of
transparent oxide film, and

the second layer of the reflection preventiné optical thin
f£ilm consists of conductive light absorbing film, and

the third layer of the reflection preventing optical thin
film consists of a material having a lower refractive index than
that of the second layer, and

the transparent oxide film formed by reactive physical
vapor phase deposition in form of a reactive spattering method

) It i s not negegsary



‘anti-reflection member having high reliability for cl

provided. Further, the structure of the reflection priev
filmis sinple, and thin filns which constitute the ref
optical thin filmmy be thin, therefore it is-possille te;
f or "exanpl €, DBy u$i ng
reactive DC nagnetron spattering, the filmform ng cdst

anti-reflection_menbers at a reduced costléabreover,

BEP

ec

n(" RY. ‘"!' 1
il WSEs |
entlng optlca thin
| et2i 00T pp9g/ et i ng

to manuf actute;

i s reduced. this

t he manufacturing cost of anti-reflection nmenbers is reduced. CLAI MS: 1.
An anti-reflection optical elenent conprising: a substrate, a hard coat
| ayer, an wsing reflaaggdtorf mMehalavmeliny Iaasiess;dtheatfztrse spyetevinghks

‘anti-refl it Ofed idie R8Ad¥r a spattering condition of insufficient oxygen

and wherein a second element having higher oxygen affinity than
that of a first element mainly contained in said transparent
oxide layer is contained in said transparent oxide layer in an
atomic ratio of the second element to the first plus second
elements of 0.001 to 0.1. |

wherein, the "transparent" of the conductive light absorbing .

film means the absorption coefficient a based on Lambert’s léwi
of 0 to 0.3, preferably, 0 to 0.2 when a light with a wave length
of 550 nm is transmitted. The "conductive" of the conductive

light absorbing f£ilm means the value of resistance.



ifm

D f

formed .on the substrate by PVD nethod, wherein the fifsREPIAGEMENE SHEET
transparent oxide |ayer, and the second | ayer of the 3ntff= on

having a refractive index which is |ower than that of |the {hr ng r
wherein said PVD nethod is a reactive spattering nethqdjus dﬁ 0§¥§e

metal or alloy and wherein said reactive spattering i |

spattering condition of insufficient oxygéA and whereiln a second el enent
havi ng hi gher oxygen affinity than that of a first el ' ' ned
in said transparent oxide layer is contained in said transparent oxide

| ayer in an measicedabyoedfiyt carseatntetchedef tlo % Hd flia sk ’pllﬁb‘ second
el ements of 0.001 to 0.1. 2. The anti-reflectign optical elenent as clai ned
in claimi1, &} eipreferabiygel kslB8efecbed iﬂgnﬂ &) . znFurbheg . akhgl | oy
consisting of In and Sn. 3. The anti-reflectiaon optical elenent as clained
in claim1, Whégbtnabapapsdveldofaybe condaiatdve dlighy ahsqgEngr]. 4. The
anti-reflection optical elenent as clained in claim
film means the absorption coefficient of 0 to 0.5 when a

light of 550 nm is transmitted, preferably 0.1 to 0.3.

In the anti-reflection member or the
manufacturiﬁg method thereof in accordance with the

'.second embodiment of the present invention, the same
reactive physical vapor phase deposition as described in
the anti~reflection member or the manufacturing 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 ,
_preferably,-DC_magnetron spattering, is used.

The thickness of the transparent oxide film
may be arbitrary as far as the thickness does not
influence adversely on tﬁe anti-reflection effect, but

- generally, the thickness is 1 to 20 nm in average
provided on a hard coat layer. The transparent oxide
film is formed only to improve the adhesion between the

second layer of the reflection preventing optical thin

film and the hard coat layer.
In the anti-reflection member or the

manufacturing method thereof in accordance with the



1,  wherein said hard coat |ayer consists of polynmet hyRiFinelaéi yFrdite. | 5.
The anti-reflection optical elenent as clained in cliaipri;—wrerern-a :
conductive |ight absorbing |ayer is provided betweer ai? fi t9¢ yer :and
said second | ayer, and said second |ayer has a | ower} rief gc¢¢§é dexithan
that of said conductive |light absorbing layer. 6. The lanti-reflection
optical elenent as clained in claim 45 1, wherein the thickness of jsaid
transparent oxide | ayer ranges from1lto 20 nm 7. The—ant+=reftection
optical elenment as clained in claim1l, wherein said transparent oxide |ayer
consi sts of sicdmpdmbEimaierofl tisel peésentr bnvangioop tbaposed of

ZrJerr], Tigerr] (X=1to 2), SiJerrNerr] (X1 to 2, Y=0.2 to 0.6), and
Cgerr] (Xttahdparem) .oxide film consists preferably of at least

(0.

one material selected from the group composed of Zr0,,

TiO,, Si0Oy (wherein X =1 to 2), SioxNv (wherein X = 1 to
2, ¥ = 0.2 to 0.6), and CrO, (wherein X = 0.2 to 1.5).
When reactive spattering is used aé the reactive
Nphysical vapor phase deposition, a target consisting of
Zr is used for forming Zr0O, £ilm, a target consisting of
Ti is used for forming TiO, film, a target consisting of
Si is used for forming sio; (wherein X = 1 to 2) film or

SiOyNy (wherein X = 1 to 2, and Y

0.2 to 0.6), and a
target consisting of Cr is used for forming CrOy film.
The transparent oxide film may be provided with
conductivity. For providing conddCtivity, the
transparent oxide f£ilm may consist of SnO,, ZnO, Iny0;,
or ITO, and the film is formed by reactive physical
vapor deposition in the same manner as described in the
description of the anti-reflection member or the
manufacturing method thereof in accordance with the
first embodiment of the present inYention.

To improve the adhesion?ﬁo a hard coat layer,

an element (}eferred to as element

D hereinafter) having the same or;higher afﬁinity with

oxygen as an element (referred to{as element D



i

flection opt ical elengent as clai rred in ¢l %EPMgEMWLrS&FET sai d
conduct Hﬂ Hing | ayer cdnt ai ns any: one of fefal, aIon met g
nitride,’y nitride. 9. The anti-reflecyipn mtﬁmﬂqggl erent
as claimed in cl a| m 8 wherein said conductive |ight @bgorbing | ayer
contains a material selected froma grou%4 conposed of | Ag, AU, TTNErr] |
(ﬁO3tolﬂﬂM&ﬂQﬁw]Mm¢](ﬁ 3t01 Wl WWHX)'MMHH

(X=0.2 to 1 | - and

Cu- Sn- Al . %)L i&’ma grl-g%g‘r# a%’trlg%‘ teﬁ.gmg Pg\prré&lflgn optlcal

el enent havi ng aahﬁuébsct(mttellayer and rruI til ayered anti- reflecting film
conprising the ste f rm he hard coat |ayer on a substrate,
formng a first %%gg?Q%F ﬁ% 3 Ffreflectlng filmby PVD nmethod, the first
| ayer being conpé‘é’e&n&ﬂ‘éfetfrla%ﬂ&nerftllﬁk#@éflmyéwo aderdnni ng a second
llayer of the antichiecffieel NGyl Bfhatenant i-ebFackityen Fdanm Waiiel i s | ower

‘than that OEoEg%d on the substrate by PVD method, wherein the first

layer is transparent oxide layer, and the second layer of
the anti-reflection film having a refractive index which
is lower than that of the first layer,

wherein said PVD method is a reactive spattering
method using a target of metal or alloy and wherein said
reactive spattering is carried out under a spattering
condition of insufficient oxygen and

wherein a second element having higher oxygen
affinity than that of a first element mainly contained in
said transparent oxide layer is contained in said
transparent oxide layer in an atomic ratio of the second
element to the first plus second elements of 0.001 to 0.1.

2. The anti-reflection optical element as claimed in claim
1, wherein said target is selected from Sn, %Zn, In or an
~alloy consisting of In and Sn.

3. The anti-reflection optical element as claimed in claim

1, wherein said second layer contains SiO, or MgF,.

4. The anti-reflection optical element as claimed in claim
1, wherein said hard coat layer consists of polymethyl-
methacrylate.

5. The anti-reflection optical element as claimed in .claim
1, 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.

6. The anti-reflection optical element as claimed in claim



first |ayer
spattering

reactive sp
i nsufficien

affinity than that of a first elenment nmai'nly containdd in said transpaj

oxi de layer
| ayer in an
el enents of
anti-reflec
Is selected
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on t erein sai d PVD net ho |s a reactlv
nmet hoqmml mu‘mmm!u f metal or alloy and jwh s,g?él

attering ics carried out ‘'under a spatterin ond|t|on i
t oxygen and wherein a seconqlsel enent having—hi-gher—exyge

1, swbemednntbe thigkaness of said trhnspagef ansp

rghggbcfgghlq eb blhengecond el enent to the first plus second
0.

01 to 0.1. 11. A nethod for manufacturing the

tion optical elenment as clainmed in claim 10, wherein said target

7t.r oheSantdRrefleetidh apkoyatorsembhBasf chaimBd $A claim
1, wherein said transparent oxide 1aYer consists of at
least one material selected from a group composed of ZroO,,
TiO, (X=1 to 2), SiO\N, (X=1 to 2, Y—O 2 to 0.6), and CrO4
(X 0.2 to 1.5).

" 8. The anti-reflection optical element as claimed in claim

5, wherein said conductive light absorbing layer contains
any one of metal, alloy, metal nitride, and metal-oxide-
nitride.

9. The anti-reflection optical element as claimed in claim
8, wherein said conductive light absorbing layer contains
a material selected from a group composed of Ag, Au, TiNy
(X=0.3 to 1), Pt, TiON, (X=0.3 to 1, ¥<1, YsX), TaN,
(X=0.2 to 1), Pt, Al, Cu, Ta, Ni—Cr, Cu-Al, Cu-Zn-Al, Cu-
Ni-Al, and Cu-Sn-Al.

10. A method for manufacturing the anti-reflection optical
element having a hard coat layer and multilayered anti-
reflecting film comprising the steps of:

forming the hard coat layer on a substrate,’

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

forming a second layer of the ahpi-reflecting film
having a refractive index which is ibwer than that of the
first layer on the first layer, ;.

wherein said PVD method is a régctive spattering
method using a target of metal or aiioy and wherein said
reactive spattering is carried out ﬁhder a spattering
condition of insufficient oxygen and

wherein a second element havinéihigher oxygen
affinity than that of a first element mainly contained in
said transparent oxide layer is con&ained in said
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12, A met hod ff i the anti-reflection opfifkal elenent ag
clained in cllzlm“ﬂmmgﬂui"rmgai d second | ayer contai psj S@ ©0T] 1998
MyF[err]. 13. A nethodwfos manufacturing the anti-ref|eftion opti.cal
element as clained in claim10, wherein gid hard coa} Fayer CONSIStsS
pol ymet hyl - met hacryl ate. 14. A nmethod for manufacturipg the anti-reflecktion
optical el efmenspardrdi mstiden layeimit) anwvegiosiiie aatdiededt ithe |segitnd
absorbing | Biindat R WPt At Udldid Whhidlite 20 Sdld seeeng ! aver,
and sai d secon ayer has a lower refractive 1ndex than that of sa
conductive |ight absorbing layer. 15. A method for manufacturing the

aﬂ_t i y refl ec}gli:Linpngéthd @&rr?mmﬁdsacaﬂlxﬁiir@ tiha (élrﬁ}imr&,le)[&&firzc%i %ﬁﬂl%gl A

t hi ckness of _sai ranspar.ent. Qxi .ayer_ ranges .from,l to nm .
method for femieRtt &5 fg-imeshid -q(jé‘ﬁ“ggtq'oﬁ’ Rl ré9e%s 18 ai med in
claim 10, wesaleateshifbdw @ pameniIiroxidan aldoyc asisdistink alf [Ieasindne
material selgcted froma group conposed of ZrgJerrr], TiJerr] (X=1 to 2),
SiJerr]Nerr] (X=1

)

12. A method for manufacturing the anti-reflection optical
element as claimed in claim 10, wherein said second layer

contains SiO, or MgF,.

13. A method for manufacturing the anti-reflection optical
element as claimed in claim 10, wherein said hard coat
layer consists of polymethyl-methacrylate.

14. A method for manufacturing the anti-reflection optical
element as claimed in claim 10, wherein a conductive light
dbsorbing 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.

15. A method for manufacturing the anti-reflection optical
element as claimed in claim 10, wherein the thickness of
said transparent oxide layer ranges from 1 to 20 nm.

16. A method for manufacturing the anti-reflection optical
element as claimed in claim 10, wherein said transparent
oxide layer consists of at least one material selected
from a group composed of Zr0O,, TiO, (X=1 to 2), SiO.N, (X=1
to 2, Y= 0.2 to 0.6), and CxrOy (X= 0.2 to 1.5).

17. A method for manufacturing the anti-reflection optical
element as claimed in claim 15, wherein said conductive
light absorbing layer contains any one of metal, alloy,
metal nitfide, and metal-oxide-nitride. '
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to. 2, Y= 0. ﬂymﬂ"mmmﬁuulmg err] (X=0.2to 1.5} g7T—A rret hod on - .

manuf act uri tion optical elenent fas 1? gac ailm 15,
wherei n said corfducti V |g t absorbing | ayer conthih ny one of mgt al ,

‘all oy, metal nitride, and met al - oxi de-ni tride. 17 A—ret-hed-T ar

manuf acturing the anti-reflection optlcé el enent Bs clalned in claijm17,
wher ei n sai 8 coAdmethwd Eoghmaabﬁacbungngayhe annigfeﬁrafﬁﬁﬁﬁrcpElealected
froma grou S r t err]N[err]
O 0 2t o §1Eq8Re°G] B1pffleartn DN 11, (MGePty) Bafy clpaugh VeI o)
Cu-Al, Cu-Zhight abserbing &amemcgntnnsm makteambdeelaqtedbéromnpr| si ng:
a glass bul g aeglegmﬁossakoeozs_y Ofly, aTiﬁnnﬁ& RPrd '&ﬁ 1)aNGed RBEghy, Portion;
out er surfa?e he panel is rOVI an anti -

X= 0.3 to 1, Y¥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.

19. A cathode ray tube comprising:

a glass bulb having a neck portion, a funnel portion,
and a panel portion;

outer surface of the panel is provided with an anti-
teflection optical element as claimed in claim 1.

20. A cathode ray tube as claimed in claim 19, 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.



reflection optical elenment as clained in claiml. mﬁﬂﬁ$9§Wﬂﬂh§H?5y t ube- as
clainmed in claim19, wherein a conductive |ight abkofbing |ayer ig drovided
bet.ween said first layer and said second |ayer, anf kaif® ©€630%98| aydr has a

| ower refractive index than that of said-conductivg |ight absorbing |l ayer.
48
ANTI-REFLECTION MEMBER, MANUFACTURING METHOD THEkEOF,

AND CATHODE-RAY TUBE
ABSTRACT .

A anti-reflection member provided with
antistatic function and electromagnetic radiation
shielding function and having a reflection preventing

- optical thin f£ilm excellent in adhesion with the hard
coat layer is provided.

The anti-reflection member éomprises a
.laminate composed of substrate, hard coat layer, and
reflection preventing optical thin f£ilm having at least
two layers, the first layer of the reflection preventing
optical thin £ilm provided in contact with the hard coat
layer comprises a transparent conductive oxide film (for
example, SnO,, ZnO, In,0;3, or IT0) formed by reactive
physical vapor phase deposition, and the second layer of
the reflection preventing optical thin film consisfé of
a material (for example, SiQ, or MgF,) having a

refractive index smaller than that of the first layer.

Fig t




