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·•.•.·. :Ji!ACKGROUND OF THE 'l:NvENTION 

Fi~l~'.·:C>f the Invention ... ' ..... 
. . : ~ . 

Thi's invention relates :t::o ·an anti-reflection 
: , ___ : 

member a11d ma,ri~fa(?.turing method thereof, and relates to 

a cathode ray}-tt1be having a front. panel applied with 
·. ·.·.-, .·.·.·... .,.::· 

such: anti-ref·i.ection member • 
. ··:-.·::, 

Desc:(i,ption of Related ,M~t 

For ;e,#ample for conventi.~foal cathode ray tubes 

(CRT), a picttj.~~.displayed on the qathode ray tube is 

viewe,d not cl~.~t+Y because externa~. light is reflected 

on t~e panel $~:#·,Pace, that is a pd:>]?.lem of conventional 

cathode ray tiib~s:.. On the other h~11d, the potential of 
·. . . . . .. ·. ~: :. . ·.,': .. ,. ,. ' 

the panel surf~~e changes because:gf-high voltage 
· ...... -· · .. :::-·. . 

appl$ed on th~ f;Lu.orescent screen. :~Qirmed on the inside 
.. .-.;:·. 

As the 

resu+t, ciusts -~C:lheres on the pan~i:>:Surface, and the 
. ·_::~.: .... :~-.;_· ;· .. ;-_'. ":: . : ~ 

panel causes ~ieci.b:·ic discharge t:C>_-~a human body when 
~ :~,:-:'.· :'.-,~. :'.:~:··,. : ;_".,; ·;: .: . 

appr~aching. ~Q prevent such phe#~itte:na, it is required 

to pr,ovide artt~~'.tatic function 

addition, it. fs:- also important 

oO::·J·~hT; pane 1 

tq;. ~fpvide 
surface. 

elect:.roma,gnetic;_.radiation shieldi.*~-<'.,~unction so as not 
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to release electromagnetic wave from the cathode ray 

tube. As a metho·d for solving al:i the technical 

problems as described herein ·abov:e, a technique in which 

an anti-reflection member having conductivity is applied 

on the panel surface has been kno.wn. ·. ·~·· . 
··:·:. ,.· 

Such an anti-reflectioQ··. tnE!mber comprises a 
.,: 

laminate composed of a substrate;; hard coat layer, and 

multilayered reflection preventing_ optical thin film. 

The substrate consists of, for eiample, polyethylene­

terephthalate (PET) or polycarbonate (PC), and a hard 
·4 ·' 

coat layer consisting of, for e.xa,,mple, polymethyl­

methacrylate (PMMA), is formed O?l the surface of the 

substrate because the surface is.,,susceptible to 

touching. In the case that it is· not necessary to 

provide ·antistatic function and ~Tectromagnetic 

radiation shielding function to an anti-reflection 

member, at least two layers of die,_l·ectr ic thin film 

.;·· ·: · .. 

example, lamination structure ~ubbas a high refractive 
. . :. .. :~ . : ; . 

index film/low refractive inde~·'f.i:~m/high refractive 

index/low refractive index fil.tn"-.>. ~:.) are formed on the 
·. ~ . _:_::-· ·. 

hard coat layer. Materials having :'.1)1gh refractive index 
·, . : {~., ' 

(having a refractive index of r~s::t(i 2. 7 at around the 
. : ~: : :: · .. ;~ : . : 

:-,. 

wave length of 550 nm) such as. Tio 2'~ Zr02 , Ta2o5 ~ and 
·'.'.: ·::· 
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Y2o 5 are· excellent in adhesion wi_t.h hard coat layer 

consisting of polymethyl-methacrylate. 

On the other hand, in the.case that it is 

necessary to provide antistatic fti11.ction and 

electromagnetic radiation shielding function to an anti­

reflection member, it is preferable to structure a 

reflection preventing optical thin film by laminating a 

transparent conductive oxide film and a thin film 

(referred as to low refractive ind~~ film hereinafter) 

consisting of a mate~ial having lower-refractive index 

than that of the material used for the transparent 

conductive oxide film. By structuring the reflection 

preventing optical thin film as de:scribed herein, not 

only antistatic function and elect:romagnetic radiation 

shielding function due to transpare;nt conductive oxide 

film is provided to the anti-refiection membe-r but also 

anti-reflection function due to the high refr~ctive 

index film/low r~frac;:tive index film.structure is 
. ·, .. , . : ~> ·. ~ 

provided simultaneously, thereby,:¥#~' structure of a 

reflection preventing optical thd;k-:::film is simplified. 
;·.: .. ;·-·.:·:;: 

l ;;_:.;,; 

As an example of the: transparent/e'onductive oxide film· 
. ·/. <~~ ·:;··'< .' 

includes ITO ( I 2o3 doped with :sn-:):'.J'~~:.Im (refractive index 

is 1.9 to 2.0). on the other 'hahd: ~.L~s examples of the 
· ... :,.<:·:·, 

low refractive index' film inclu~~J~-~62 film (refractive 
_:: · .. !~. :; ;; ) -~ 

: : 

·.,, . 
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index. = 1. 46 at 550 nm) and MgF2 f~_;pn (refractive index 

= 1.38 at 550 nm). 

Usually, -by repeating ~be film forming 

process, namely, ITO film/low ref;:~,a-~tive i-ndex film/ITO 
,,, .. · ... 

film/low refractive index film •• -.J\9n a hard coat layer 
: ... ·:.:--. . . 

formed on a substrate, an anti-r~fl~ction member is 

provided with excellent anti-refi~~~i6n function in the 

wide wave length range from 450 t¢\\~SO nm. A schematic 

partial cross~sectional view of th•·anti-reflection 

member having such structure is shb~h in ~ig. 4A. In ·.< .. _ .. _.·:::· 

Fig. 4A, a reflection preventing ·9#,tical thin film 

having four layer structure is shqw_n, the first layer 

and third layer consist of ITO fiill,1, and 1;he second and 
.·· .. ··. 

fourth layer consist of low refractive index film. 

Usually, ITO film is formed by sp~~i;.ering using a target 

of oxide ITO. An ITO film is for;rti~a under the 

spattering condition that the cdµtp~:sition of such. ITO 
: .. ~- '.°.' '· . 

target is, for example, In2o3/snp2_.'.7 90 parts by 
-:::·::.\ ::;· ... 

weight/10 parts by weight, targe#::~urrent density is 2 

W/cm2 , and others are Ar/02 = 50"·'.volume %/50 volume %, 
··:·_:)·:-:· '; .. 

. ,_:· .. 

and 0.2 Pa. .: :;'.-'· ·:-.-:: . . 

It is reported that t~~'.b~ystallization 
... ;, ·.: .;~·~·:· : .. -~ 

temperature of ITO ranges from i'50'.)~q 200°C. Therefore, 
............ ··.:·. ·· . 
. . ~ ........ ·'· . 

to improve the adhesion (adhesig~::.;s~rength) to a hard 

._·:··: 
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coat layer, it is desirable to heat·(bhe substrate to a 
·.:.::>·:.: :. 

temperature of l20"C or higher. How~·yer:, suph heating 
. ~-. : 

of a substrate can cause thermal d~~~ge such as 
.;·:· . 

deformation of the· substrate consis"p-in9 of. plastic 

material. Heating of a hard coat l:~yer consisting of 
.. :.'·... . 

polymethyl-methac.rylate to a tempe·t(:\'ture of lOO"C or 

higher can cause the reducti~n of.th• hardness. 

Recently, ITO film forme-d on a col.or filter is 
::_::' .·::~_/ . 

used as transparent electrode for ~-;:·flat panel display 

of liquid crystal display devices. Such ITO film is 

formed by DC magnetron spattering .using ITO target. ITO 

film formed by such method is excellent in resistivity, 

wet etching performance, and reprod,~cibility of 

characteristics. However, ITO filtcl' formed on a hard 

coat layer by DC magnetron spatter~ng using an ITO 

~arget is insufficient in adhesion strength to the hard 

coat layer. 

The inventors of the pres:E;tnt invention 

proposed a new anti-reflection meltlbca.r comprising a 
·.· .. '."'.·" 

laminate of a substrate, hard coat ·:¥ayer, and 

multilayered reflection preventing'·optical thin films in 
·. \ ;·,;~.-

Japanese Patent Application Hei 7-i~·:t0925 (application 
::·::··.-, 

date: July 6, 1995). A schematic -~~~rtial c·ross-

sectional ·view of the anti-reflec~l~n member having such 

~: i :-::-:. 
: . ? ~:. ·. 
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struqture is shown in Fig. 4B. ·The substrate of the 

anti-reflection member consists o~~. for example, 

polyethylene-terephthalate (PET)_ ari(i polycarbonate (PC), 
·. ">(·"··. 

a har~ coat layer consisting of, :fqi.· eJ!:ample, 

polym~thyl-methacrylate (PMMA) is· ~tjrmed thereon. To 

provide antistatic function and ~-1~c .. ti;omagnetic 

radiation shielding function to ·the anti-reflection 

member, the anti-reflection member -~has the first layer 

of the reflection preventing opti_cal thin film 

comprising a conductive light absp·r~ing film, and the 

second l~yer of the reflection pi.e-v~nting optical thin 

film consisting of a material haying lower refractive 

index than that of the material u'sed to structure the 

first layer. 

The conductive light absorbing film consists 

of a material selected from the gzfo:µp composed of Ag, 

Au, TiNx c-x = o. 3 to 1), TiOxNy C!i~.4:!.rein x = o. 3 to 1, 

Y<l, and Y :s= X), TaNx (wherein x=·o.~~ to 1), Pt~ Al, cu, 

Ta, Ni-Cr, Cu-Al, Cu-Zn-Al, Cu-Nf~~iand Cu-Sn-Al, and 

the thickness ranges from 4 to 40. •rtm. On the other 
. :· ~-· . : 

hand, the second layer of the ref~~'6i1on preventing .,. ·:'·.,·-

optical thin film. consists of si.9~.'~~ .f'19F2 • The above-

mentioned material to be used fd~;;'!t:ri;e":conductive light 
:.-·,·:·. ·;·L··; , 

absorbing film has a characteris:f'i6~·. that light 
. ~ ·. : . ~: ': .. ·· \: . : .. : 
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absorption coe!fi.cient changes d~~~.#'~ently on wave 

length. ReflecJ:ion is prevented ~p:;:' the wide range of 

wave length, pr:evention of light ~i*':h the wide range of 

wave length ( 4-30 to 650 nm) is poEJS.ible even. if the 

reflection pre-venting optical th;.h.'¥i1m bas a two layer 

structure. The light transmittan6:~L:of these materials 

ranges from 70 to 90 %, however, ... :~ea;~use the two layer 

st~ucture can be used for the ref-ledtion preventing 

optical thin film, 'therefore the ldw light transmittance 
;· 

·.-:: 

of the conductive light absorbing film does not cause 

any problem. 

However, it was ·found th~·t the adhesion 

(adhesion stren,gth) of such condU,_c~ive light absorbing 
·. ·.; :;:.:·:: 

film to a hard coat consisting o~':polymethyl-

methacrylate was insufficient. 
' : . 

Theref.ore, it is the obj~'ct of the present 

invention to provide an anti-reflection member provided 

with antistatic function and el~.q#r'9magnetic radiation 

shielding functJon and having a r:~~::Lection preventing 

optical thin f.ilm excellent in adbe~ion to a hard coat 
: .? :~ .. :·.:: 

layer, and a mam~facturing metho~\t~ereof, in addition, 

a cathode ray. t\ibe· having a frortk .. '.p~nel applied with 
. :-:::)-.;:./~' .• 1 

such anti-refJ.~ction member. 

.·.· .. : . 

~- ... -.: -· 

' :; 
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SUMMARY OF THE I.NV~NTION 

A anti-reflection member- ih accordance with 
. '. : 

the first embodiment of the present ·invention for 

achieving the above men~ioned obj~'.9~: is the anti­

reflection member comprising a lal!li#ate of substrate, 
., .. ·· ... 

hard coat layer, and reflection.J;?rev'enting optical thin 

film having at least two layers, wherein 

the first layer of the reClection preventing 

optical thin film in contact wit~_ the hard coat layer 

consists of transparent conductive oxide film formed by 

reactive physical vapor phase depoe;ition, and 

the second layer of the reflection preventing 

optic~! thin film consists of a material having a lower 

refractive index than that of the first layer. 

A manufacturing method 9£ an anti-reflection 

member in accordance with the firf?~.embodiment of the 

present invention for achieving tpe above-mentioned 

object is the manufacturing meth()d()f an anti-reflection· 
,· 

member comprising a. laminate of enJ;bstrate, hard coat 

layer, and reflection preventing optJcal thin film 
i·"'· .. 

having at least two layers, wher.~X~-F 

the first layer of th~i::f~£iection preventing 
.; ''" .. ,'.~ . ...,.: .. 

optical thin film in contact wi,~h: .. ~J:l~: qard coat layer 
:· ·."·.<· :: . ~~:. : ;_::: : 

consists of transparent conducti~fi;'._}t,~ide film, and 

--·- ------- -- -·-···-· ----- ------- --- ----·-- :· --I .. ·;:.; .: 
· . . (:·=):·::· .. : i . ."· .. 
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the secoftd layer of the ~~flection preventing 
. ;-: .. . 

optical thin film consists of a mat:erial having a lower 

refractive index than that of the ~lrst layer, and 

the transparent conductiy~ oxide film is 

formed by reactiv.e physical vapor ~hase deposition. 

Wherein, the "transpa~ent" of the transparent 

conductive oxide film means the ab$orption coefficient a 
:··; .. 

based on Lambert's law of O to o.3/ preferably, 0 to 0.2 

when a light with a wave length of ·sso nm is 

transmitted. Th~ "conductive" of-fhe transparent 
~ \ . .'-:.":. 

conductive oxide film means the va-iue of resistance 

measured by eddy current method of ·1 x 10 to 1 x 104 

n;o, preferably, ·l x 10 to 5 x 1Q3: n;o. 
In the anti-reflection Iil~'mber or the 

manufacturing met.hod thereof in the first embodiment of 

the present in-vention, examples of the reactive physical 

vapor phase deposition, namely, Phl'E;ical vapor phase 

deposition (PVD, Ppysical Vapor i;>~pq_sition) accompanying 

chemical reaction between at leas~;(p~rtial material to 
·1-,-::· :: 

: . ··. 

be deposited on tne hard coat layerq"'nd the material 

used for the harCI coat layer, incihae: 
..... 

(A) various vacuum dep9~Jtion such as electron 
.. ,, .. ,.("·:·: .... ,._,,. -~ 

beam heating, resistance heating>(arid flush deposition, 
. . . -· ' .·; ~- ~ 

.,, ;i·.<· .. 

This Sheet Has Been Re~laced · 

····tlllllll·lllUlll lll1llf ·. 
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(C) various spattering -~U,qh as bipolar 
·_;: ... ::,;.: .. 

spattering, DC spattering, DC ma9ne·~_ron spattering, high 

frequency spattering, magnetron ,~-~~-;t:ering, ion-beam 

spattering, and bias-spattering,::~~-~ 
(D) various ion-platin9.i:"s\ipp as DC method, RF 

method, multi-cathode method, act¥.·~~!:~on reaction 

method, HCD method, electric fie~:~}~e,position, high 

frequency ion-plating, and reacti-y~ ::ton-plating, 

wherein among these methoCJ.s, reactive 
. : ; .. ·.·... .. 

spattering using a metal or alloyt,arget, 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-~$ a target, a 

transparent conductive oxide film pbtained by reactive 

physical vapor phase deposition q_o,nE;ists of sno2 • When 

Zn is used as a target, a transp~·re:·:nt conductive oxide 

film obtained by reactive physica:l:i>~apor phase 

deposition consists of ZnO. Whe~•ir1: is used as a 

target, a transparent conductive}_qi~de film obtained by 

reactive physical vapor phase de~b's·~tion consists of 
"..; .: . ... 
~:·:::· '. :.-· 

'In20 3 • Further, when In-Sn is us~d/'a.s a target, a 
<·:·.: · .. :.·~~j 

transparent conductive oxide filnl<obtained by reactive 
-~·: :. . . ·. 

·.:'.:.· .. :· .':: .. ·.: 

physical deposition consists of ITO~ Spattering is 
' .. ;:;~~. : .. 

carried out in an o 2 atmosphere ::£~i·\~he reactive 

liM~ii1i1f 1Wr .. · .. ,·_· .. 
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spattering. On the .other hand, s}?~~tering is carried 

out in an Ar+o2 (content of o2 _is o: .to 30 volume % ) 

atmosphere for conventional spatter~ng using an oxide 

target. 

To improve the adhesion, to a hard coat layer, 

it is preferable that 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 t_he transparent conductive oxide film is 

contained in the transparent conductive oxide film. In 

general, the affinity of an element to oxygen can be 

estimated from the standard free,energy of formation of 

the oxide. In.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 combinati.on of the el.ement A and element B 
-:>:::;:.,:;·::: 

are listed in Table 1. The rattq):eiement B/(element A 

+ element B) (in atomic ratio) :i$:'.'(L:.0·01 to 0.1~ 
-~. -~ ',.<:.'.'. i: .. 

preferably 0.005 to o.os. __ ... :.._ .... · ... :.....:..-. ·-- -· --~ 

Table 1 

Element A Element B 

;·_,: . 

. ;' 
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Sn Cr, Ti, Al, Zr 

Zn Cr, Ti, .Al, Zr 

In Cr, Ti, Al, . Zr 

In and Sn Cr, Ti, Al, Zr 

In the manufacturing method of the anti­

reflection member in accordance with the first 

embodiment of the present invention, a material 

consisting of the second layer of the reflection 

prevention optical thin film may be a material having a 

refractive index of about 1.7 or smaller, examples 

include Si02, SiO, MgF2, CaF2, LaF31 Na3AlF51 Na5Al3Fl41 

NdF31 LaF31 CeF3, BaF2, NaF, Sr~2' and Al2 031 among 

these materials, Si02 or MgF2 is preferably used. 

It is preferable that the_ hard coat layer 

consists of a material which contains oxygen as a 

constituent element. In detail, the har.d coat layer may 

be ·an organic film consisting of ~ ,:resin-based material 

selected from the group composed of· silicon-based 

material~ polyfunctional acrylate~b,ased material or 

urethane resin-based material, mei~mine resin-based 

material, and epoxy resin-based ~t:erial, and may be an 
,: . 

organic-inorganic film. Examples·'. 9f silicon-based 

material include co-hydrolysates b~ tetra-alcoxysilane 
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or alkyl-trialcoxysilane an·d silan~··coupling agent 

having functional group such as eph:~~ group or methacryl 

group. Examples of polyfunctionalj~crylate-based 
·-~· ~-.. : 

material include, for example, pol'Y;(:;l-acrylate, 

polye.ster-acrylate, urethane-acryl~~~, ·and epoxy­

acrylate. Furthermore, an example'()~ urethane resin-
···_:·.\··. 

based material includes, for example, melamine-

polyurethane. The hard coat layer.consists preferably 

of acryl-based material, more pref:e.rably in detail for 

example, polymethyl-methacrylate (PM.MA). An example of 
. -

organic-inorganic film includes ac:i;y'],-silicon. 

Otherwise, the hard coat layer of dr9anic-inorganic film 

may be formed from colloidal silica. in a form of 

hydrophylic sol or lipophilic sol. The hard coat layer 

may be formed by various methods fq·r coating a material 

such as dipping coating, spin coati:µ.g, spray coating, 

and flow coating followed by dryi1'gcand thermosetting or 

ultraviolet ray curing. 

In the manufacturing me~tj?d of the light 

reflection prevention member in agC:ordance with the 
-~:; :·.· :~··. 

first embodiment of the present itl~~rltion, the anti-
~:: ' .. ,, .· 

reflection member may be manufactt1rE!d continuously by a 
~ . :' · .. ' 

process in which substrate c;:ompri~~fi:a roll film, the 

film on which a hard coat layer h~d/'been formed 
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previously is unwound, the first -l~ye.r comprising a 

transparent conductive oxide filmi~ formed on the hard ·:·.-.--· 

coat layer by reactive spattering_::p~ing a metal or alloy 

targ~t, subsequently the second ljje~ of reflection 
·.·:,;·.-_. __ ,.-·::· . 

preventing optical thin film is fofiriea on the first 
:··:-:.:'.:-:/.:_;:.:.-:. : 

layer by spattering, then the filn\_: ·:~omprising the 

reflection preventing optical thin· :film formed on the 

hard coat layer is wound. 

In the manufacturing probess of the anti­

reflection member in accordance wj,;~t~ the first 

embodiment of the present inventic>,ri,1 a Sn02 layer, ZnO 

layer, I 2o 3 layer, or ITO layer is,~ormed on the second 

layer of the reflection preventing optical thin film, 

thereon a Sio2 layer or MgF2 laye~ is formed, further, 

these tow layers may be laminated>c:>ne above another 

alternately. In detail, for .exanjpl,e, the reflection 

preventing optical thin film may·h~ve a structure such 

as ITO layer/Si02 layer/ITO laye.r/~_i92 layer/ ••• /ITO 
. : ... ~ ·.:. . 

layer/Si02 layer, Sno2 layer/Si02_1ciyer/Sn02 layer/Si02 

layer/ ••• /Sn02 layer/Si02 layer, 8·~;."~110 layer/Si02 
layer/ZnO layer/Si02 layer/ ••• /ZnQ2l~yer/Si02 layer. . . :-·-::· .. , ·.· .. . ··.:·;:: ;,·. 

Otherwise, the structure may com~i?.i~~ m-th layers (m is 

odd numbers) consisting of the s~in~·';~rr different 

materials selected from the group:d~kposed of sno2 , zno, 
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I 203 , and ITO, and n-th layers (n i!?: even numbers) 

consisting of the same or different>~materials selected 
.. :· ::._. 

from the group composed of Si02 and:MgF2 (_for example, 
... ·: 

Sn02 layer/Si02 layer/ITO layer/Si02 layer). In this 

case, a Sno2 , ZnO layer, I 2o3 layei;/ . or ITO layer of 

(2N-l)th layer (wherein 1 < N) may be formed by, for 

example, either reactive spattering or conventional 

spattering using an oxide target. 

The anti-reflection member in accordance with 
. -

the second embodiment of the invention for achieving the 

above-mentioned object comprises 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 contac.t with -the hard coat layer 

consists of transparent oxide film £6rmed by reactive 

physical vapor phase deposition, a11d 

the second layer of the r.eflection preventing 

optical thin f~lm consisting of cohJ-uctive light 
··-:.··· . 
.. ,_·. 

absorbing film, and 

the third layer of the i~tlection preventing 

optical thin film consists of a mat~rial having a lower 
·: ::~:. 

refractive index than £hat of the~~econd layer. 

··--····--- ·---·-----··--·--..:....:...._· :·-·-···-·--·- ·····-· ----··· 
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The manufacturing metho9 pf the anti­

reflection member in accordance w~tJ;1 th~ second 

embodiment of the present invention for achieving the 

above-mentioned object is the manufacturing method of an 
·. ·.:_ ~:. 

anti-reflection member comprising¥1aminate of a 

substrate, hard coat layer, and r~~,fection preventing 

optical thin film having at least·¥.hree layers, wherein 

the first layer of the re.flection preventing 

optical thin film in contact with s:aid hard coat layer 

consists of transparent oxide f ilJll., and 

the second layer of the reflection preventing 

optical thin film consisting of conductive light 

absorbing film, and 

the third layer of the r1af lection preventing 

optical thin film consists of a mat'erial having a lower 

refractive index than that of the second layer, and 
. . : -~-·: 

the transparent oxide f:~/lm. is. formed by 

reactive physical vapor phase depo~i,tion. 
·~: 

Wherein, the "transparetj;~" of the transparent 

conductive oxide film means the a~'~'orption coefficient a 

based on Lambert's law of o to O .:~./ preferably, o to O. 2 

when a light with a wave length ~:iif·$:so nm is 

transmitted. The "conductive" ·o.~,):ttj~ transparent 
... ;,:\ 

conductive oxide film means the :Valu'e of resistance 
"'···. 
:.:!:: 

· ... ::_; .:~.•.: •. :: :.· .. ;; ~--. 

··---------·-----· ----.-··· ···-· ..... ··--·-- ·····-··-·····-··--·· --~~~;·:_. ·'·: 
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measured by eddy current method of~ 1: x 10 to 1 x 104 

0/0, preferably, 1 x 10 to 5 x 103 0/0. · Further, the 

"light absorptive" of the conductive_ ~ight absorbing 

film means the absorption coeffici$'nt of :o to 0.5 when a 

light of 550 nm is transmitted, prE!.f~r.(!}:)iy 0.1 to 0.3. 

In the anti-reflection member or the 

manufacturing method thereof in acco.rdanc;:e with the 

second embodiment of the present invention, the same 

reactive physical vapor phase deposition as described in 

the anti-reflection membe·r or the m(!nufacturing method 

thereof in accordance with the.first embodiment of the 

present invention may be used, among these methods, 

reactive spattering using a metal or alloy target , in 

detail, DC magnetron spattering is.preferably used. 

·The thickness of the transparent oxide film 

may be arbitrary as far as the thickness does not 

influence adversely on the 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 ··~ohesion between the 

second layer of the reflection prc;!V:~nting optical thin 

film and the hard coat layer. 

In the anti-reflection in~~ber Qr. the 
.. ·; ::.':" 

manufacturing method thereof in adc~~dance with the 

- ·- ··- - ---- ~ --- ----- -- -- . - ~-- -·---
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second embodiment of the present iZ,:verttion, the 

transparent oxide film consists pr;~e~rably of at least 
::.::·:·;;___·::·,; ':: 

one material selected from the grq#i;>·composed of Zr0 2 , 

Ti02 , SiOx (whe;rein X = 1 to 2), S'.i.Px:Ny (wherein X = 1 to 
· .. :: 

2, Y = O. 2 to 0 • 6) , and CrOx ( wher.~fn x = O. 2 to 1. 5) • 

When reactive spattering is used as: the reactive 

physical vapor phase deposition, a t~rget consisting of 

Zr is used for forming Zr02 film, a· target consisting of 

Ti is used for forming Ti02 film, a target consisting of 

Si is used for forming Si Ox (wherei:·n x = 1 to 2) film or 

SiOxNy (wherein x = 1 to 2, and Y = 0.2 to 0.6), and a. 

target consisting of Cr is used· for forming Cr Ox film. 

The transparent oxide film may be.provided with 

conductivity. .For providing· ·cond~ptivity, the 

.transparent oxide film may consist of Sno2 , zno, In2o3 , 

or ITO, and the film is formed by :reactive physical 

vapor deposition in the same mannei; as described in the 

description of the anti-reflection:.:member or the 
··,: ........ : 

·'· .. : 

manufacturing I~iethod thereof in a#.~q·rdance with the 
:·_-;:.·:-. 

first embodiment of the presen~ in;ention~ 
=;_.'-·' .• 

To improve the adhesion.>tb a hard coat layer, 
>>:· ·-·:;:;:" 

it is prefe,rab.ie that an element fr:i~ferred to as element 
·: . . . : ~ ~ ; : 

D hereinafter) having the same 61" ,,h·±gher affinity with 

oxygen as an element (referred to>a~. element D 

_.,:; 
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hereinafter) which constitutes the t:ransp.arent oxide 

film is contained in the transparent oxide film. Though 

it depends on the element c, an examples of the element 

D includes an element selected front the group composed 

of Ti, Zr., Al, Mg, Be, Si, Cr, w, Fe, Mn, and Sn. 

Examples of combination of the element C and element o 

are listed in Table 2. The ratio element D/{element C 

+ element D) (in atomic ratio) ls 0.001 to 0.1, 

preferably 0.005 to 0.05. 
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Table 2 ::·i 

Element c ~i.ement D 

Zr 1'19, Be 

Ti A.l, Zr, Be 

Si Ti, Al, Zr, Be 

Cr Si, Ti, Al, Zr, Be 

In the anti-reflection member or the 

manufacturing me·thod thereof in accordance with the 

second embodimen:t of the present invention, the 

conductive ligtit:absorbing film consis.ts preferably of 

metal, alloy, me:tal nitride or metal oxide-nitride. 

Wherein, nitrides of.alloy and nitride-oxides of alloy . 
are included ln the term "metal nitride" and "metal ··:'•. 

oxide-nitride". .In detail, example.s of material to be 

used for the con?uctive light absorping film include 

materials selected from the group ~pmposed of Ag, Au, 

TiNX (X = 0.3to1), TiOxNy (whereip.,X = 0.3 to 1, y < 

1, and Y ~ X), Ta,Nx (wherein x = o;·.2 to 1), Pt, Al, cu, 

Ta, Ni-Cr, Cu-~l:,( Cu-Zn-Al, Cu-Ni~ALand Cu-Sn-Al. 
;.~:. : ..... 

Oxygen and Ni tto~:en happen to be tr~pped occasionally 

during forming o( the conductive ligJ;lt absorbing film 

consisting of metal or alloy, how~v~·~ herein, this 
··=-·:... 

conductive light.absorbing film i~ ~~fined as the 

~·"' 
.·.:. ·' 

.::. .~ ·:· 
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conductive light absorbing film cdnsJstirtg of metal or 

alloy. 

In the anti-reflection m~mber. or· the 
~ ·\':: ~·:.~.-< 

manufacturing method thereof in ~d::~drd.atice with the 
(::·.;:'.,. ·. 

second embodiment of the present l~yention, examples to 
.:,, 

be used for the third layer of th~\:·t~fledtion preventing 

optical thin film include Si02 , M~,~~,, CaF2 , LaF3 , 

Na3AlF6 , NdF3 , LaF3 , and Al 2o3 , am(?#9._.th~se materials, 
... ~ ·.;, .. ~--: 

Si02 or MgF2 is preferably used. Th~ ha~d coat layer 

may consist of the same material C:t~:;ae·s~ribed in the 
. ~--. ··, . . 

description of the reflection preventing member or the 

manufacturing method thereof in accordance with the 

first embodiment of the present iri,ye~tion, among these 

materials, in detail, the hard coat layer consists 

preferably of polymethyl-methacry:(ate (PMMA} • 
. ... 

In the manufacturing methe>d of the light 
. , .. 

reflection prevention member in aggprdance with the 
.,, -~ ~--> . 

second embodim·ent of the present Jn~ention, the anti­

reflection member may be manufact~-~~d continuously by a 

process in which substrate comp,ri;·~s: a roll film, the 

film on which a har~ coat layer nlid:{beert formed 

previously is unwound, the first'.'Iay~'r comprising the 
: ·, .. ~ :.:: : .~ .-: . ., . ' 

transparent oxide film is formed '01f<the<hard coat layer 
;::;.·_ .. 

by reactive spattering using a 11\etcti or alloy target, 
.::_:::-;,-..::- \'.;'.: .. '. 
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subsequently the second layer of te.fiection preventing 
. ': ... ; \":: 

optical thin film comprising the ¢~riductive light 
~ :" . 

absorbing film is forme.d on the f iti:;t 1,ayer by 

spattering, then the third layer o.f the. reflection 

preventing optical thin film is fotnt~d on the second 
. :;':,::·::.·. 

layer by spatteJ:ing, finally the tl~m comprising the 

reflection preventing optical thiti'film formed on the 

hard coat layer is wound. 

In th.e present invention, the substrate may 

consist of any material as far as :the material transmits 

light.· A material to be used for th.e substrate may be 

selected dependently on required. f3p.ecif ication and 

application field of the anti-reflection.member, and may 

be selected from plastic materials ()·r glass materials. 

When plastic material is selected· to form the substrate, 

examples include, for example, pol:y~thylene­

terephthalate (PET}, polycarbonat.f;!: {PC), polypropylene 

(PP), polymethyl:-methacrylate artd.c:Opolymer thereof, 

unsaturated polyester, acryloni td)e-styrene copolymer, 
. . .:i.• .... 

vinylchloride, .polyurethane, epo~y:.resin, and cellulose-
. . ' ;·, ,, ... ··.~ ~ 

based resin suc:h as triacetyl-cEi~f~:J.ose and diacetyl-
,-: .. · ·:· .. ·.·· 
•; . ···: . . ·.:· 

cellulose, among these materials,.;:\'pqlyethylene­

terephthalate (PET) or polycarbon~H::.~ (PC) is preferably 

used. The form of the substrate' :ma,Y. be film, sheet, or 
···, _!, 
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plate dependently on required specification and 

application. The thickness of the substrate is not 

limited, and may be selected dependently on required 

specification and application. A hard coat layer may be 

formed on the back side (the side on 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 first embodime.nt 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 di~plays, and EL 

displays, and for example, application as filter to be 

provided in ·front of a cathode ray tube and application 

on the s·urface of various optical leJ?.ses. For example, 

on the back .side (the side on which the hard coat layer 

is not formed) of the anti-reflect,i::on member in 

accordance with the first embodime#~ and the second 

embodiment of the present inventio~, an adhesive layer 

or pressure sensitive adhesive lay~it is formed, and the 

anti-reflection member may be appl:i.ed on the panel 

surface of a cathode ray tube with ·1nterposition of such 
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adhesive layer or pressure sensitiv.e· adhesive layer. 

When, by applying the anti-reflecti~n member with 

pressing thereon in vacuum, trapp.iri:'g. of air between the 
··,.,::·· 

anti-reflection member and the pan,~l': surface of the 

cathode ray tube is prevented. Fu??ther, ultraviolet­

curing resin adhesives are also use.d effectively • 
.. 

On the uppermost layer of _the reflection 

preventing optical thin film, a lay¢~ consisting of 

fluorine-based material such as polytetra-

fluoroethylene, tetrafluoroethylen~..,perfluoro-alkyl-
... '· 

vinyl-ether copolymer, polychloro-t:rifluoroethylene, 

tetrafluoroethylene-ethylene copolyijter, chloro­

trifluoroethylene-ethylene copolymej, polyvinylidene­

fluoride, and polyvinyl-fluoride may be formed to 

prevent staining with fingerprintsJ~ In this case, the 

thickness of ·the layer may be 3 to 100 nm so as not to 

influence adversely on the reflect~9n preventing effect. 

Film thickness of the f iret layer and the 
'·.: 

second layer of the reflection pre:v~nting optical thin 
. : . . ... . ·.:; 

film of the anti-reflection member :i'n accordance with 

the first embodiment of the prese~~ ;·invention, or film 

thickness of the second layer and;. ~h~ third layer of the 

reflection preventing op.tical thih\; ~'i.1m of the anti-

ref lection member in accordance wi~tf .. the second 
:. ·.· ·.: 
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embodiment of the present inventi9r>;;; nia.y be determined 

according to the film thickness de:fe·rfuining m~thod based 
":·.;.·, .. ·.:_( 

on two layered structure with v-sh.~pe sti:ucture and w-
. .. .- :- :...~ :: . . : 

shaped structure comprising what i·~:c~_lled ()./4-A./2) 

film or the film thickness determi:ii;ng:inethod based on 
. -: . 

three layered structure comprisin~:.::~hat .is called P./4-

A./2-)./4) film. 

In conventional art, an .!Tb layer is formed by 

spattering using a target of oxide;ITO. On the other 

hand, in the anti-reflection membe·r.· or the manufacturing 

method thereof in accordance with the first embodiment 

of the present inventio_n, the transpc;t.:i;ent conductive 

oxide film which is the first layer· of the reflection 

preventing optical thin film in contact with the hard 
. . .. -~ 

coat layer is formed by reactive physical vapor phase 

deposition. When reactive spatteri11g using a metal or 

alloy target is used as reactive J?_~ysical vapor phase 

depc;>sition, the spattering is carri~d out under a 

spattering condition of insufficierit oxygen unlike 

~onventional spattering ·techniq~e\.i.ri :which· a oxide 
: :·:{ !·,_-;·: 

target is used. In this case, wh$t('.$J?attered particles 

are deposited on a hard coat laye'r") :¢pmpletely oxidized 
.~/:>·'.'Jj ·'. .:-- .'.'. . 

particles are not deposited on a har(i.coat layer, but 

partially active metal or alloy :$pat~'E!.red particles are 

·,._.,_ 
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deposited on a hard coat layer ang/·react with oxygen 
.,.,, . 

··.: ~ . 

atoms in molecules which forms tbe..},hard coat layer, thus 

the reaction results in chemical· s~.r.ong: adhesion. As 

the result, the adhesion (adhesionstrehgth) between the 

transparent conductive oxide filni:'itti~: hard coat laye.r is 
;: ·~··.>· .. , .. 

improved. In the anti-reflection Jt\_ember in accordance 

with the first embodiment of the .P.r:esent invention, the 

combination of the transparent conductive oxide film 

with the second layer leads to the:effective prevention 

of light reflection, on the other ~·and, transparent 

conductive oxide film provides an~fstatic function and 
·-:.: 

electromagnetic radiation shieldiI.19 function to the 

anti-reflection member. 
. .. 

In the case that elements which form the 

conductive light absorbing film have no or little 

affinity with oxygen in molecules which form the hard 

coat layer, adhesion between the cqnductive light 

absorbing film and hard coat layE!r.i.113 considered to be 

insufficient. On the other hand~""fzi the anti-reflection 

member or the manufacturing method.':~hereof in accordance 
·; "; . ~ ..... ·' . . . 

with the second embodiment of the·\p/e$ent invention, the 

transparent oxide film which is th~ first layer of the 
· .. :····. :'· ·.··· 

reflection preventing optical thi~··>·f.j;;l.m in contact with 
. .. ... _:~ . :. ... . : 

the hard coat layer is formed by, f~~a.q~ipn physical vapor 
. : . ._,.. ~ .: 
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phase deposition. When reactive spattering using a 

metal or alloy target is used as reactive physical vapor 

phase deposition, the spattering is··carried out under a 

spattering condition of insufficieri:t oxygen unlike 

conventional spattering technique in which a oxide 

target is used. In 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 spattered particles are 

deposited on a hard coat layer and react with oxygen 

atoms in molecules which forms the hard coat layer, thus 

the reaction results in chemical strong adhesion. As 

the result, the adhesion (adhesion streng~h} between the 

transparent oxide.film and hard coat layer is improved. 

In the anti-reflection member in accordance with the 

second embo~iment of the present invention, the 

combination of the conductive light absorbing film with 

the third layer leads to the effective prevention of 

·1ight reflection, on the other hand, conductive light 
.. :· 

absorbing film provides antistati~'function and 

electromagnetic radiation shieldiri..~: function to the 

anti-reflection member. The transparent oxide film is 

provided with anti-·reflection func.t:ion by adjusting the 

film thickness of the transparent oxide film. The 
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transparent ox~qe film is provided wi,th antistatic 

function and ei¢ctromagnetic radiation shielding 

function by using a conductive transparent oxide film. 

BRlEF DESCRIPTION OF THE DRAWINGS 

Fig •. l.is a schematic partial cross~sectional 

view of the ant:i-reflection member of Example 1. 

Fig. 2 is a schematic partial cross-sectional 

view of the ant:i ... reflection member of Example 2. 

Fig. 3 is a schematic diagram of a spattering 

equipment suitable for continuous manufacturing of the 
,; 

anti-reflection member of the present invention. 

Fig_s·. 4A and 4B are a schematic partial cross­

sectional view of: a conventional anti-reflection member, 

and a schemati9 ~artial cross-sectional view of the 

anti-reflection: member proposed by the applicant of the 

present inventi,-on in Japanese Patent Application Hei 7-

170925 {1995). 

DETAII, DESCRIPTION OF PREFERRED EXAMPLE 
. . 

The present invention wiilbe described in 
. . : ~; 

detail hereinafter based on examples :referring to the 

drawings •. 
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Example 1 ~ . . . 

Exam~:l~, 1 relates to the:.,:~:~.ti-reflection 
::;.·· .' 

member and the,· 111.anufacturing metho4\:};hereof in 

accordance with the first embodimen{of the present 
·;:·::. 

invention. In:'l'able 3, target maf~·i:-;a1s and film 

forming condi tio.ns for reactive s~~~~er ing (in detail, 
.· ... ·. 

DC magnetrol) sl?(lttering) are shown~; f! schematic partial 

cross-sectional view of the obtain.~~-: anti-reflection 

member is shown ,in Fig. 1. In Fig .• l, the first layer 
' ' 

of the ref lecti9:n preventing optic~t thin film is a 

transparent coiiductive oxide film (,thickness is 15 nm) 
'' 

formed by reactive DC magnetron spattering. The second 

layer of the reflection preventing., optical thin film is 

a Si02 film wi~h.· a thickness of 20 ,i:µn formed by 

conventional spa~tter ing using a target of oxide. The 

third layer or· t.he reflection prev~,hting optical thin 

film is a tran13parent conductive o~¥~e film (thickness 

is 100 nm) fot111e9 by reactive DC magrietron spattering 
~: ~ . : 

under the same:cqnditions for formi~~·the first layer. 
: . :· ~.:; .... 

The fourth lay~~·-·,:c>~ the reflectioi\<?pr~venting optical 
',;· 

thin film is a ·~i1q~ film with a thlckhess of 85 nm 

formed by conventional spatteringl·'. ~he hard coat. layer 
>·· ·:- ::·. 

consists of PMMA. The substrate ~'¢ns:ists of PET. Film 

'';··:: ··., 
~· ·:· ,: : 

. ·.· '.::>);'.· 
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forming spattefing conditions for 'forming the second 

layer and the· fourth layer are showl'.l hereil'.l under. 
<' .. 

Target 

Power deq~i~y 
::-· .. ··;· 

'· ··." 

Atmospher,¢//gas Ar 

Atmospheric:. pressure: O. 2 Pa 
··. :-·-· 

A anti-reflection member ,having the same 
· .. '' 

structure was ,~~epared by conventional method. In 
.. · ... 

:.• 

detail, as to the conventional method shown in Table 3, 
J. -~. 

the first laye~ .}>f the reflection preventing optical 

thin film is a·~tanspareri~ conductive oxide film 
<. 

(thickness is +:5:· nm) formed by DC magnetron spattering 

using a targe:t d_f oxide. The second layer of the 

reflec~ion preyenting optical thin film is a Si02 film 

with a thicknes~ of 20 nm formed by conventional 

spattering usj.l).g a target of oxide. The third layer of 

the reflection\::Preventing optical thin layer is a 
" .. :-::: 

transparent co~dµctive oxide film (thickness is 100 nm) 
~-::· . _; 

formed by DC ~~_netron spattering U..sing a target of 

oxide. The fo'1'i"~h layer of the ref_lection preventing 

optical thin tfi.~ is a Si02 film with a thickness of 85 
.. .. 

nm formed by c:O~.ventional spatteri#g using a target of 

oxide. The subs~trate consists of t>:ET. The same film 

forming condit.i.:~_ns as used in Examp:ie 1 were used for 

~-· 
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forming the second layer and fourt:Q. ~ayer. Film forming 

conditions for forming the third l~yer by spattering are 

shown herein under. 

Target 

Power density 

Atmosphere gas 

ITO 

: 5 W/cm2 

Ar 

Atmospheric pressure: 0.2 Pa 

.... 
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Table3 

Transpareni Target 
Target material conductive power 

oxide film density 

(W/ cm2) 

In-Sn alloy I T 0 4 

In-Sn alloy I T 0 .4 

· In-Sn alloy 

In-Sn alloy 

Sn metal 

Sn metal 

Sn metal 

Sn metal 

Zn metal 

Zn metal 

Zn metal 

Zn metal 

ITO oxide 

ITO oxide 

ITO oxide 

ITO oxide 

ITO 
ITO 
Sn02 

Sn02 

Sn02 

Sn02 

ZnO 
ZnO 
ZnO 
ZnO 
ITO 
ITO 
ITO 
ITO 

2 

2 

4 
4 

2 

2 

4 

4 

2 

2 

4 

4 

2 

2 

~fJ:~£l:ngas 
(v~lw;n'ej ~) 

.. :~:/· .·. ~. 

Af;: · Oz 
~. · ... · 

0 100 

s. 0 7 0 

Atmos­
pheric 
pressure 

(Pa) 

0. 2. 

0.2 
() 1 0 0 0. 2 

3 0 7 0 0. 2 
;.:'·: 

0 1 0 0 0. 2 . 
3 0 7 0 0. 2 

0 1 0 0 0. 2 

3 0. 7 0 0. 2 

.0 1 0 0 0. 2 

·3,··0 7 0 0. 2 

·;o 1 o o o. 2 

:ro· . 1 o o. 2 
·o. 2 0 100 

5 0 5 0 0. 2 

·<'·.O': l 0 0 0. 2 
·5;0 5 0 0. 2 

Rating of 
adheSlon 
strength 

4 

4 

4 

5 

5 
5 
5 

5 

3 

3 

3 

3 

O· 

0 

0 

0 
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Sliding test was carried:oµt for evaluation of 
... , 

adhesion (adhesion strength). The' ·~tiding test includes 

following procedures. Four pieces<e>f cotton cloth 
· .... 

impregnated with ethyl alcohol are _:\f19u1ld on a steel ball 

·with a diameter of 20 mm, 3 kgf o;: ;.16a:d is loaded on the 

steel ball and the loaded steel ball is brought into a 

contact with the uppermost layer of a reflecting 

preventing optical thin film placed.fl~t, and the steel 

ball is· reciprocated horizontally b~tween 10 cm 

distance. The number of reciprocat~on until the steel 

ball causes delamination: of the r~flection preventing 

optical thin film is measured for rating of adhesion 

(adhesion strength). 

The rating result of adhes·ion (adhesion 

strength) is shown in Table 3. The. ,adhesion strength 

rating of "O" represents the delam~riating within 5 ·. 

cycles of reciprocation. The adhe.~~on strength rating 

of "l" represents the delaminatio~·in the reciprocation 

cycle range from 5 to 10. The aqh~s:~on strength rating 
.•. 

of "2" represents th:e delaminatio~{T~ the reciprocation 
., •':. 

cycle range from 10 to 20. The a.dhe:sion strength rating 
-~: ,. .. 

of "3" represents the delaminatid~·/iti the reciprocation 
.... ··;·· 

cycle range from 20 to 30. The adhesion strength rating 
;"' •••• : 1< •·. 

of "4" represents the delaminatidri i.ili the reciprocation 
: ~-j 
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cycle range from 30 to 40. The adhesion strength rating 

.of "S" represents no delamination until 50 reciprocation 

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 member in accordance with. 

the first embodiment of the pre$ent invention in 

comparison with the anti-reflection member manufactured 

by the conventional method. The case in whic~ DC 

magnetron spattering using Si target in oxygen gas 

atmosphere is applied instead of RF spattering for 

forming of second layer a·nd fourth l~yer gives the same 

result. 

Example 2 

Example 2 relates to the.anti-reflection 

member and the manufacturing method;. thereof in 

accordance with. the second embodim~nt of the present 
: :; ~ 

invention. In Table 4, target mat~·J:ials and film 

forming conditions for reactive sp~·tter ing (in detail, 
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DC magnetron spattering} are shown •. ·· A schematic partial 

cross-sectional view of the obtain~d·anti-reflection 

member is shown in Fig. 2. In Fig· •. 2, the first layer 

of the reflection preventing optica~ thin film is a 

transparent oxide film (thickness iEf 4 nm) formed by 

reactive DC magnetron spattering. The second layer of 

the reflection preventing optical thin film is a TiNX 

(X=about 0.9) film with a thickness caf 10 nm formed by 

reaction DC magnetron spattering in a nitrogen gas 

atmosphere using a target of Ti. The third layer of the 

reflection preventing 6ptical thin film is a Si02 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 spine as those used in 

Example 1. The hard coat layer consists of PMMA. The 

substrate consists of PET. Film forming spattering 

conditions for forming the second layer are showri herein 

under. 

Target Ti 

: 4 W/cm2 
.. : ~:. 

Power densi.ty 

Atmosphere gas : Ar + N2 {~2 : 50 % by volume) 

Atmospheric pressure: 0.2 Pa 

A anti-reflection member ~civing the same 
.".: ;; :, 

structure was prepared by conventio·rf~l method. In 
:::~? . 
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detail, as to the conventional met;b6d shown in Table 4, 

the first layer of the reflectioll' ,p,reventing optical 
'" ~- ·:" 

thin film is a transparent oxide f,llm (thickness is 4 

nm) formed by RF spattering using ~'(;target of oxide. 

the second layer and the third lay.~·i-, of the reflection 

preventing optical thin film, and H~~d coat layer and 

substrate have the same structure~(:~s those films in 

Example 2 •. The structure of the ari~i-reflection member 

when the transparent oxide film (the first layer) is not 

provided is the same. Film formi~9 conditions for 

forming the first layer by spattet'~.Il.g are shown herein 

under. Film forming conditions for· forming the second 

layer and the third layer by spat,te.;ring are the same as 

those in Example 2. 

Target 

Power density 

Atmosphere gas 

: Si02 , Zr02., 

: 4 W/cm2 

Ar + 0 2 (()~: 50 % by volume) 

Atmospheric pressure : 0.2 Pa 

... ~:, . 

....... 

. · ... ' 

\ 
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Conven­
tional 
method 

Target 
material 

Zr 
Ti 
Si 
Si 
Sn 
.Cr 

s i02 

Z r0 2 

Ti 02 

SnOa 

CraOa 

Z.no 
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Table 4 

Transparent 
oonductive 
o:lidefilm 

Zr02 

T iOz· 

s i02 

S i 01.sNo.a 
Sn02 

Cr 20 3 

Si Oz.. 

Z r02 

Ti02 

sno2 
Cr20a 

ZnO 

·Target 
power 
density 

cw/cm2
) 

4 

4 

4 

4 

4 
4 

4 

4 

4 

4 

4 

4 

. A~ h~rlc/ as . Atmos-
· coneen°f.:atibn1:· · :. L.;. • 

(volume .. %) • • · pu.Onc 
• , . :. ··>.• ;. .. ,.. pressure 

A)p< .. · q~ :, . (Pa.) 

2·0-·' / :a:·o.. o. 2 

2 (l 8 0 0. 2 
.. · 

2 o s:·o o. 2 
2~tf .. 6 0 . 0. 2 

2·cr. a o o. 2 
2 o. 8 0 

5 0-., i '5 0 
5 0 5 0 
5·0.· 5 0 

5.0 5 0 

so.· so 
5 0 5 0 

0.2 
0. 2 

0.2 
0.2 
0.2 
0.2 
0.2 

Note: At1!1osphere for film forming o~ Sio1 • 5N0 • 3 

Ar/02/N2 = 20/60/20 (volume %) 
: ...•. ::_.:. 

_.,;··: .. :' 

. -~ .. 

~ : ... 
"' 

Rating of 
adheSlon 
strength. 

5 

4 

4 

4 

5 

5 

0 

0 

0 

0 

0 

0 

1 

\ 
\ 
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For evaluation of adhes.i,~:n., Jadb..es).on 

strength), sliding test was carriE!d, <i4t ,il1. ;the same 
. . . . .. 

manner as described in Example 1. · f'rom t'l:~E! result shown 

in Table 4, it is obvious that the' :~dpesiqzt' (adhesion 

strength) between the first layer ''and; har:Ci .. coat layer is 

greatly improved for the anti-refle.ction rileI'!lber 

manufactured by the manufacturing method of the anti­

reflection member in accordance with the s~cond 

embodiment of the present inventicirr in comparison with 

the anti-reflection member manufactured· by the 

conventional method. 

For manufacturing of the ,anti-r.eflection 

member in accordance with the first or second embodiment 

of the present invention, reflectiqn preyention optical 

thin films can be formed continuously using a spattering 

equipment shown schematically in Fi.9. 3. The spattering 

"equipment comprises a roll film fe·eding chaIJtber 2'0 for 

unwinding a roll film 10 on which a hard coat layer is 

formed previously, a spattering chamber 30 which can be 

brought to a reduced pressure atmoskhere, and a roll 

film winding chamber 22 for winding _'•tpe film 10. A 
~-.... 

plurality of cathodes 32 is provid~g in the spattering 

chamber 30. A target (not shown .];;n< the figure) is 

placed on each cathode 32, oxygen ·:9aE( atmosphere is 
·,.;·. 
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formed on each cathode surface, thus various thin films 

are formed successively o~ a hard coat layer by reactive 

spattering or conventional spattering •. 

For manufacturing the anti-reflection member 

in accordance 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 film 10 

comprising the reflection preventing optical thin f~lm 

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, 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 
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comprising transparent 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 comprising a 

conductive light absorbing film is formed on the first 

layer by spattering, subsequently the third layer of the 

reflection preventing optical thin film is formed on the 

second layer by spattering, and thep the film 10 

comprising the reflection preventing optical thin film 

formed on the hard coat layer is wound in the roll film 

winding chamber 22. 

For example, Japanese Patent Laid-Open Hei 2-

4967 ( 1990) d-iscloses a method for forming an oxide film 

using a metal target. In the case of the spattering 

equipment disclosed in the Japan~se Patent Laid-Open, a 

station for forming metal layer arid a station for 

forming oxide film by oxidizing the formed metal layer 

. are provided separately. A substr~te is passed by these 
>'..: .. 

stations repeatedly to form desir~~:metal oxide layers. 

According to the technique disclo~'.~d in this Japanese 

Patent Laid-Open, the spattering;:~quipment is very 

complex, the productivity of met~dF=:oxidti! film is low. 
~ >_:: :-_. 

On the other hand, the;¥~i;-ucttire of the 

spattering equipment shown in Fi-~:·~:·~ is<:'simple, and the 
.;,•:.··: 

<"~ ~:.: : ' 
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high productivity production of the multilayered 

reflection preventing optical thin film is possible, 

thus the production cost of the anti-reflection member 

can be suppressed to a low level. 

On the back side (the side on which a hard 

coat layer is not formed) of the substrate of the anti­

re·flection 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 

a.dhesive is formed, the anti-reflection member is 

applied on the panel surface of a cathode ray tube with 

interposition of such adhesive lay~r 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. vacuum, 

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 



materials, thick:n~ss, and structure of the r,eflection 

preventing opt'i9a1, thin films; spat/~~ring 'c.:onditions, 

and further, ma#~rials of the substrate, ~rtC:l hard coat 
• ·~::.: . > ~ . . ·">: :. . 

layer, and the ~tructure of the sp~t,terillg equipment for 
' ' 

continuous f ilnt'.,t:oJ;ming of the reflection' pr~venting 
· .. :: 

optical thin fiJm are described ori~y for' example, and 

may be changed pesirably. 

Accor,(iing to the anti-reflection member and 

the manuf actur i:i'ig method thereof in· accordance with the 
. ~· .-. '•• 

first embodim:en~: of the present invention, the adhesion 

between the refi¢ction preventing optical thin film and 

hard coat layer is greatly improved, and the anti­

reflection memb:(!r having high reliability for cleaning 

and use is pro'7,i(led. The transpar·ent conductive oxide 

film functions:as a high refractive index layer, 

therefore it is .. not necessary to f(;lrm a high refractive 

index layer an(i ,conductive layer Sf:!parately, thus the 

structure of ~,~·~, reflection preven,;ting, optical thin film 
.... .'· ..... ;.·. 
:: ... 

is simplified,:'.and anti-reflection/members are 
.. -~.-.:·~·: 

manufactured at)a:;,low cost level. ,\Moreover, it is not 

necessary to· ~.~~:!:~io2 , zro2 , and IJ:'Cl:~o5 , which have slow 
·<·\. :::·: ~ .': .. :. 

deposition spe~d 1n spattering, a11C:F Y203 , which is .. .~· . . 
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cost is suppressed, and the manufacturing cost of anti­

reflection members is reduced. 

Also according to the anti-reflection member 

and the manufacturing method thereoe in accordance with 

the second embodlinent of the present· invention, the 

.adhesion between the reflection preventing 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 film 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 film f;:orming cost· is 

reduced, thus the manufacturing cost of anti-reflection 

members is reduced. 
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WHAT IS CLAIMED IS: 

1. An an.ti-reflection op:t:ical element 

comprising; 

a substrate, 

a hard coat layer, 

an anti-reflection film h*ving two layers, 

the first layer of the anti-reflection film 

being formed on the substrate by PVD method, wherein the 

first layer is transparent oxide layer, and the second 

layer of the anti-retlection film h~ving 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 Qptical eleinent as 

claimed in claim 2, wherein 

said target. is Sn, Zn, I~, and alloy 

consisting of In and Sn. 
-~ ;· ;. 

4. The anti-reflectiori'optical element as 
.. : ;.:::: !!:· 

claimed in claim 1, wherein· an e:J.'ell\~:rit having high~r 
. ·.--::·: 

oxygen affinity than that of the'.ei~ment mainly 
.' "; 

contained in said transparent oxi~~,:)1ayer. 
'~ : ·, .. : ~ : 

;::··· 

···--·-----. --·· --··---~----

. ~ . 
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5. The anti-reflection optical element as 

claimed in claim 1, wherein said sec'ond layer contains 

Si02 or MgF2 • 

6. The anti-reflection opt:ical element as 
' -. -.~.:· .:. : . 

claimed in claim 1, wherein said hard coat layer 

consists of polymethyl-methacrylate.; 

7. The anti-reflection optical element as 

claimed in claim 1, wherein a conductive light absorbing 

layer is provided between said fir~t- layer and said 

second layer, and said second layer has a lower 

refractive index than that of said conductive light 

absorbing layer. 

8. The anti-reflection optical element as 

claimed in claim 1, wherein the thickness-of said 

transparent oxide layer ranges from 1 to 20 nm. 

9. The anti-reflection ~ptical element as 

claimed in claim 1, wherein said transparent oxide layer 

consists of at least one material E!,E!lected from a group 

composed of zro2, TiOx (X = 1 to 2l(:SiOxNy (X = 1 to 2, 

Y = 0.2 to 0.6), and CrOx (X = o.2:,.:·t:_o 1.5). 

10. The anti-reflectiori:;:¢ptical element as 

claimed in claim 7, wherein said ¢ori(iuctive light 
:· ... ,.: 

·· .. <" 

absoJ;"bing layer contains any one ~£ fuetal, alloy, metal 

nitride, and metal-oxide~nitri4e. 

·--·- ·- ---···· ..... _ ···-----·-- --·----- -·-···· ·-·--· ---·. 

111iri1ID1r 
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11. The anti-reflection optical element as 

claimed in claim 10, wherein said conductive light 

absorbing layer contains a material selected from a 

group composed of Ag, Au, TiNx (X = 0.3 to 1), Pt, 

TiOxNy (X = 0.3 to 1, y < 1, y ~ X), TaNx (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 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 composed of a 

transparent oxide layer, and 

forming a second layer of the anti-reflecting 

film having a refractive index which is lower than that 

of the first layer on the first layer. 

13. A method for manufacturing the anti­

reflection optical element as claimed in claim 12, 

wherein said PVD method is a reac~ive spattering method 

using a target.of metal or alloy. 

14. A method for manufacturing the anti­

reflection optical element as claimed in claim 13, 

----- ----------------- --.·------- ~ -----
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wherein said target.is Sn, Zn, In, •nd alloy consisting 

of In and Sn. 

15. ·~·.method for manufac~uring the anti­

reflection optic~! element as claimed in claim 13, 

wherein an elemeJ?.t having higher oxygen affinity than 

that of the element mainly contained in said transparent 

oxide layer. 

16. A method for manufacturing the anti­

reflection optic~! element as claimed in claim 12, 

wherein said sesond layer contains Si02 or MgF2 • 

17. A method for manufacturing the anti-. 

reflection optical element as claimed in claim 13, 

wherein said batd coat layer consists of polymethyl­

methacrylate. 

18. A method for manufacturing the anti-

reflection optical element as claimed in claim 12, 

wherein a condu¢tive 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. 

19. .~ lllethod for manufacf,uring· the anti­

reflection optical .element· as claim~d in claim 12, 

wherein the thi~kness of said tran!?parent oxide layer 

ranges from 1 to 20 nm • 

. '.:; 
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20. A method for manufac;,~,uring the anti­

reflection optical element as clai~¢4 in claim 12, 

wherein said transparent oxide lay;~f< consists of at 

least one material selected from a'~i.¢up composed of 

Zr02 , Ti01 (X = 1 to 2), Si01Ny (Xi:: 1 to 2, Y = 0.2 to 

0.6), and Cr01 (X = 0.2 to 1.5). 

21. A method for manufaq~uting the anti­

reflection optical element as clai.me.d- in claim 18, 

wherein said conductive light absqi::-J;>ing layer contains 

any one of metal, alloy, metal nitride, and metal-oxide­

nitride. 

22. A method for manufaqturing the anti­

reflection optical element as clai~ed in claim 21, 
'.·· 

wherein said conductive light absoi'bing layer contains a 

material selected from a group COIJip'osed of Ag, Au, TiNX 
-: ~. ;'• 

(X = 0.3 to 1), Pt, TiOxNy (X = 0.3 to 1, y < 1, y ~ X), 

TaN1 (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 tub~ ·~9,tni;>rising; 

a glass bulb having a n~:6k}~ortion, a funnel 

portion, and a panel portion; ' ... 

outer surface of the pa,nitJ.,'\~s pr.ovided with an 

anti-reflection optical element ha~:i.1{~ the structure 

described in claim 1. 
. :: . .. ~·-:· ::: . : 

' . -'~. ,:\ :-.~,: :.i 
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· 24. A cathode ray tube as claimed in claim 

23, wherein a conductive light absorbing layer is 

provided between said first layer and said second layer, 

and said second layer has a lower refractive index than 

that of said conductive light absorbing layer. 

···- ···----·-"-•··----~ - -·- -~---· -- - -- - . 

. . ·,_:· .. 

···.· ... i: 


