; e3ex2x| L6T2q} R TI TLE OF THE I NVENTION 1 Anti-Reflection Filmand Cat hode
Ray Tube BACKGROUND OF THE I NVENTION Field of the Invention 3 Septenber
2002 This inve to an anti-reflection fil g&? de ray
tube. More partmwmm um reI ates to an antl-reflect:{f% "fb ?PB? is able
to unprove tlghtnes e5|on of the thin optical filmto a substrate,
and to achieve anti -re Iectl on effect;s over a wi de wavel ength range, and a
cathode ray tube enploying this anti-reflection film Descr(mn“m”‘nwmmmmw
Rel at ed ATFTL‘%POWTI‘?BW?W?JNT\? -reflection filmhas been use cal
and in electro optica where it is desirable or necessary.igeedecrease
the refra rface between air and gl ass.

Kbl 1 ADAGERY A QLB Ry TR

Speci fic usage eantlreflectlonfllmcoversavvlde
field enc | aten for a copying nachine, cover

gl ass forgémmﬁmémT@@at hode ray tube (CDT) and ot her

di splay devices. This anti-reflection filmmay be enunerated by a film
confi gure’él"/]éiis0 fsholrvengeon exanple in Fig. | . This filmis conprised of a
resin substrate 101 ) on a major surface 10la of which are sequentially
formed a firs{Thizpeentiporelstes3p @ anfinpRlecsion £dm dnd\p qaghagletray tibgeddorsf 10 run,
a second layer 103 of ITO having a thickness of 20 run, a third | ayer of
Si 02, hawpangcwdatlyj i€ kelates tain 2mtirnefigcteonf folur that {seapdy to]iﬁﬁ)roVe tigi@pessanfing a 3
Sept enber 2002 2 thickness of 60 run, and a fifth layer 106 of Si02, having
a thi ckneglhebdn d0thenthin optithbfilmtd a sudfstrete! arohtofdchivvé asti-réfaveiva reffeai’

i nconveni ence that it has a nulti |ayered structure with as many as five

| ayers, afdr a willd Gkedlefdh 2dngk] 4 4 Bthddeass nie c%ipl&qhg”ﬂus aftiiré@dctioh 1S
difficult and pains-taking to manufacture, while being poor in productivity
and hi gh gy, production cost. :

Description of the Related Art

Up to now, an anti-reflection film has been used in the optical and in electro-
optical field where it is desirable or necessary to decrease the refractive index on an
optical interface between air and glass. Specifically, the ficld of usage for the anti-
reflection film covers a wide field encompassing a camera lens, a platen for a copying’
machine, cover glass for equipments, a panel for a cathode ray tube (CDT) and other
display devices.

This anti-reflection film may be enumerated by a film configured as shown for
example in Fig.1. This film 1s comprised of a resin substrate 101, on a major surface
101a of which are sequentially formed a first layer 102 of Si0x, where x<2, having a
thickness of 10 nun, a second layer 103 of ITO, having a thickness of 20 mn, a third

layer of S102, having a thickness of 25 nm, a fourth layer 105 of ITO, having a



Thus, a demand is raised for an anti-reflection filmhaving a snaller
nunber of layers. If the nunber of layers is smaller, the nunber of

| ayering steps is decreased to facilitate the producti g" e the
productivity as well as to | ower the production cost. ?ge@@ é#ﬂ?gﬁ et this
demand, there has been proposed an anti-reflection filmof a dual structure
having on a substrate a thin filmmai,nly conposed of Tin and an Si02 thin
filmof |ower refractive index, as a second optical film as disclosed in

Japanese Layj ng- Pat ent H9-15 4. ] nese Layi ng- Open Pat ent

£ 9- 16523 kNG %ggaweg@] Eéﬁhﬁ@%ﬁ@g obsiThhanng aZbisnesstdd0amm.  hi s
anti-reflection film white having acceptabl e anti-reflection .

char act eri st i c§hisjantigflegnn hlgnhas, haweeasi am ivonyrEenaeHbasiides agneltiand t he
thin film mainly conposed of TiN, such that the filmis susceptible to
exfol i ati dayesgutstmiicfuré withtas many eefipe kyerscald athicBenordRili@rhitlagess RYENTI ON | t
is therefore an object of the present invention to provide a practically
usef ul antnim, rsef thactd gndiffidul wid phinkaskige sorahdnufavrie] wdfilel Beigg Hoandn hi gh
productivity and 3 Septenber 2002 3 which is easy and sinple to

manuf act Upeodidatiliey AR Righ iPPrddictiimoshdet i on cost and superior in
anti-reflection characteristics. It is another object of the present

invention to prRw f8eRRhd isrikéehot Eﬁﬂné-bél%tctiéﬂﬁhﬁhﬁﬁh?@‘!ﬁmﬂ@%xﬁﬁﬂ%‘?o?ml oying
this anti-reflection film According to one aspect of the present

i nventi on TI%IF%E‘?H‘? tﬂesmﬂﬁﬂ’éfio‘?‘fzgrg?s?is @thail?x{ ald rﬁﬁ%e‘?%f%dé{cml%"g,%gk?d&ﬁ’f{a gpesi ve

| ayer is on a nmj or ace of 'a resin su ra Irst optical
thin filmcentainipng one or nore. of titani ni-t.rj de afnjunnitride or
2i'r cont umerital B8 EFudfnoie ol b bR A5 wellsnle Bt it “Eni
filn1havinﬁHP refractive index of 1.35 to 1.7 is.formed on the first
optical tRIGFUEHPHEOSknd wherein the adhesive | ayer is represented by the
chem cal for a gf SiNx, where x, < 4/ 3, or by the chem.cal fornmula Si OXNy,
where x < 2 gﬁa cygfar tg meet fus 3?18% thege g%@%rpfagfﬁeé@nafmfrﬁ eqfraasidt
invention, there is provided an anti . . )

of a dual structure having on a substrate a thin film mainly composed of TiN and an

Si0, thin film of lower refractive index, as a second optical filin, as disclosed in

Japanese Laying-Open Patent H-9-156964, Japanese Laying-Open Patent H-9-165231

or in Japanese Laying-Open Patent H-9-73001.

However, this anti-reflection film, while having acceptable anti-reflection

characteristics, 1s not optimum in adhesion between the substrate and the thin filin,

mainly composed of TiN, such that the film is susceptible to exfoliation and difficult

to use practically.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a practically useful

anti-reflection film which has a small number of layers and high productivity and



reflection filmwherein an adhesive Layer is forned on a nmajor surface of
resin substrate; a first optical thin film containing one or nore of
titaniumnitride, hafniumnitride or zirconiumnitrideyi t he
adhesive Layer; a second optical thin filmhaving a rg%§§%%ﬁ&gﬁgg ex of
1.35to 1.7 is formed on the first optical thin film and wherein the first
optical thin filmminly contains titaniumnitride and wherein netal is
doped in titaniumnitride. According to yet another aspect of the present

i nvent ivdnch 1sheasy and sypplei @eaamHfagive whale bearg by 1 pradiktipricpstandadhesi ve

| ayer is formed on a major surface of resin substrate; 3 Sept enber 2002
3a a fisuptrioph asirefldvitionfchinaccopticsi ni ng one or nore of titaniumnitride,

haf niumnitride or zirconiumnitride is formed on the adhesive |ayer; a
second opti frdé addthdr objdcrofidieipngeat ineéntanttd peoviddani-offlecti@bsticet ahd7 s for med
on the first optical thin film and wherein the second optical thin filmis

formed anadWE%a)Oﬁlblé\%a%yifg @heimbteficctibefibghesi ve | ayer is represented by

the chem cal formula of 'SiOx, where x < 2. If, when the adhesive is forned
of a conpound having the chemcal formula SiCa, where x < 2, sufficient
bondi ng st r émgeiditmiogne aspasbol the presenisavantipe, therg is providgdaneptii cal thin film
cannot be developed If the value of x is too small, silicon is netallized
t 0 i ncreffton fidtasvircedih yn hdtesivplidyeals fahaat (i & amjasarfact @fa ©incs t o unpair
the anti-reflection characteristics
substrate, a ficst optical thin film coataining one or more of titanium nitride, hafnium
nitride or zirconium nitride is formed on the adhesive layer, a second
optical thin film having a refractive index of 1.35 to 1.7 is formed on the first optical
thin film; and wherein the adhesive layer is represented by the chemical formula of
SiNy, where x < 4/3, or by the chemical formula SiO,N,, where x <2 and y < 4/3.
According to another aspect of the present invention, there is provided an anti-
reflection film wherein an adhesive layer is formed on a major surface of resin
substrate;
a first optical thin film containing one or more of titanium nitride, hafnium
nitride or zirconium nitride is formed on the adhesive layer;
a second optical thin film having a refractive index of 1.35 to 1.7 is formed on
the first optical thin film; and wherein

the first optical thin film mainly contains titanium nitride and wherein metal is

doped in titanium nitride.

According to yet another aspect of the present invention, there is provided an
anti-reflection film wherein an adhesive layer is formed on a major surface of resin

substrate;



In the'anti-reflection filmof the present invention, the adhesive |ayer
may predom nantly be conposed o f Ti. In the anti-reflection filmof the
present invention) the physical filmthickness 3 Sep of the
adhesive layer is preferably not |arger than 10 nn1and§%%pgagﬁggépébly lto
7 nm |f the physical filin thickness of the adhesive layer is thicker than
10 nm optical absorption characterixtics of the adhesive | ayer becone
excessive to inpair undesirably the anti-reflection characteristics. if the
physical filmthickness is thinner than 1 nm sufficient bonding strength

bet ween the r@sf tgmﬁﬁm cRnihp Oné bf SlorOdt tis@lmtdir{de! hdthubndesi r abl y
cannot be developed. In the anti-reflection filmof the present invention,
the physical filmthicknes ¢ ' . ical thin filmis preferably 5
to 25 ﬁﬁ%{ePfz?%gmﬁ59§?%%P%?$%ﬁy$ﬁP%bﬁ%%ggﬁ%%%htside this range, sufficient
anti-reflection characterigtics.cannat be .achi eve In_the anti-reflection
filmof the ap?F%%\é‘rﬂPtlF?{\}blﬁtfﬁBH}an‘tgﬁ??%%*é‘{er‘ kol '0?5 o7 4 o e‘i)?ﬁ‘i cal thin
filmto contain mainly titaniumnitride and for titaniumnitride to be
doped whe frstreptidal thithfibn;medatherit be exenplified by tungsten and gold. If
the first optical thin filmnmainly contains titaniumnitride, the fast
optical thi nhd scondlggicalbthinyfilinsisdbmaddrafddzFyorcdhfyct i ve. In the
anti-reflection filmof the present invention, the first optical thin film

preferably i osed ,of . Si -\Whi nGak fi i ess of the
second opti (@ng'?iﬁﬁh ﬁ'giafﬂr%ﬁsb‘r%elg é"r‘éﬁyﬁ Lei%gﬁtg‘g b? tc}%ls dh%gllcﬁg: E(J.rmuw(lt)tﬁéébé’e cond
optical ,thin filmconposed of SzOz is outside the above range, sufficient
anti - r SMEBX °8n characteristics cannot be obtained. In the anti-reflection
filmof the present invention, a hard coating |layer preferably is formed on
the surface of the resin substrate facing the adhesive |ayer, while an
adhesi ve | ayer preferably is forned on the hard coating | ayer. The
above-descri bed anti-reflection filmof the present invention may be
arranged on the face surface of a display portion to constituts the cathode
ray

If, when the adhesive is fonned of a compound having the chemical formula

Si0, where x <2, sufficient bonding strength between the resin substrate and the fust
optical thin filin cannot be developed. If the value of x is too small, silicoa s
metallized to increase undesirably the optical absorpuion characteristics to unpair the
antt-reflection characteristics

[n the anti-reflection film of the present invention, the adhesive layer may

predowunantly be composed of Tt.

[ the anti-reflection film of the present inveation, the physical filin thickness



tube According to still another aspect of the present invention,there is
provi ded a cat hode ray tube wherein,on a face plate surface side of a

di splay portion an anti-reflection filmconprised of a LV yer
formed on a major surface of a a resin substrate, a firgﬁgggﬁﬁggﬁobgin film
containing at |l east one or nore of titaniumnitride, hafniumnitride and
zirconiumnitride,the first optical thin being forned on the adhesive |ayer
and a second optical thin filmwth a refraction index of 1.35 tol.7 forned
on the fir optical, thin fil he anti-reflection, fil m bei rranged

faci ng t el the Silhesiiiay st erafrablyaoc Btherdban 4 hin st wpre wetgrax dp T
invention,it_is preferred that the first optical .thin filmof the

ant i - r ef | B¢ Hdhe physiabfilia durkngss pithe gdbemvrslayeroaiicker than i0qumyontisals j r st
optical thin filmbeing electrically conductive and grounded In the

ant i - r ef | &spipstonf charaeeristive pf dberndhesivenayenbetames axhessaghési mpaitayer i s
formed on the nmajor surface of the resin substrate,the first optical thin
fi | m contwidesinghlypthe aoti-reflectionthirattanstion b the phigsiduh fibm thiclareds Fithinoeri um
nitride is formed on the adhesive |ayer,and the second optical thin film
havi ng t hah ¢nirB et fficeent beNn@éirchgfbbdt@edn the r&id QIbER e @Rd teefirkd gpsicalopt i cal
thin filmthe nunber of layer is snmall to facilitate and sinplify the

nanufactthpgh@hﬂ&%§§b$qmﬁﬁﬂngbya§ &pst ZOOZ aaqgwa; daS E 3 Sept enber
2002 Sa In the anti-reflection filn?of the present invention) since the

adhesive, | et Lt AHBOSAGPLREDLLR ESIRpHETAOSER AIIIAGLS o
zi 1 cont Uil 08l ditis BRI S0 L B phRlcal ARG RsDR detached

fromthe Tesin su assure practica

outside this raxfge, sufficient anti-reflection characteristics cannot be achieved.

In the anti-reflection film of the present invention, it is desirable for the first
optical thin film to contain mainly titanium nitride and for titanium nitride to be doped
with metal. This metal may be exemplified by tungsten and gold.

[f the first optical thin film mainly contains titanium nitride, the first optical thin
film desirably is electrically conductive.

In the anti-reflection film of the present invention, the first optical thin film
preferably is composed of Si0,, while the physical filin thickness of the second optical
thin filin preferably 1s 60 to 110 nm. Ifthe sccond optical thun film composed of 510,
1s outside the above range, sufficient anti-reflection charactenstics cannot be obtained.

In the anti-reflection filin of the present invention, a hard coating layer
preferably is fonmed on the surface of the resin substrate facing the adhesive layer,

while an adhesive layer preferably is formed on the hard coating layer.



anti-reflection characteristics Therefore, in the cathode ray tube of the
present invention, in which the anti reflection filmof the present
invention is arranged on the surface of the face plate, qQf {he di spl ay
portion thereof, the anti-reflection characteristics a:?geg embes2 2good and
practically suitable. 3 Septenber 2002 6 Also, in the anti-reflection
filmof the present invention, if the adhesive layer is forned of a
conpound represented by the chenmical Sfornmula of SiOx, where x < 2, the
first optical thin. filmis less liable to be detached fromthe resin
substrate. Ifye dtihehsaibdd ARf-tGREHSD fiid BF @le P&%el&r £9€Mod Magnd on, the

First optical thin filmminly is conposed of titaniumnitride, and the

first opti ' ' ' ' : t . fli optical thin
i1 m g B b fhic STt Suflo G241 SRbleY gRRALE!dalifile Vg caliBls PRE 0% 1o

| ayer U@Eg as an electrically conductive filmin the conventi onal
antirefl’ection film Also, if, in~the anti-reflection filmof the present
invention, the first optical thin filmis formed of titaniumnitride,
havi ng stron - ' characteristics, and the anti-reflection filmis
arranged on %ﬁ%ﬁ) 12%25 ‘Lf)tﬁg é)r&geﬁlaf%e@faoé‘%‘eP%e@é?mﬁén»r@?eﬂ%m}’ldpﬁé i mage

di spl ay Ko t he cat hode ray, tube can be unproved in contrast. In the
ant i - r eFLSF FERUPF WhetstiL on faseplatesurfaceaide ofi displapportionan adhesi ve | ayer
is formed on a major surface of a resin substrate) a first optical thin
fil m cont ai MAtigsBedionfiimecontprised afanadhesive layer formbd b Bnitiéd SufBcoT
zirconiumnitride is forned on die adhesive layer and in V\:flli ch a second
opt i caloftatesia subistrateay fing opticat fhia Gitr \¢ontalii@XatQéastoSod fote of GitduSud, 0T Med on
the first optical thin film the nunber of layers is small, so that the

manuf aatittide, lidfiyiutenifriieiahil Zat i Ffd 1@l t he. manuf acturi ng
cost to irrproveut he prgductieg?lgqftrﬁﬁ?’gég?#tt?gtrl%aa?flgg?'r%%eﬁgﬁm?ﬁf‘he pr esent
i nvent itRdadn j ' er, i s.interposed between the resin
Subst o el et SEOREANRAl BUPH RrbBE R e 1 sdt enber 2002

7 or Mgh&ndAf orl thi AR Y Wil haf niumnitride or zirconiumnitride, the
first optica(T thlﬁn Pﬂl%l}l{slhgig liable to be detached fromthe resin

substrate to assure good and practically acceptable anti-reflection

char act er i sfhi@fti-réflectib® fifA bBRE arfaaYed MO8 ik l‘é@h%ﬂbs{tﬁﬁe. anti-reflection film
of the present invention is arranged on %he face plate surface side of a

cathode ray tube, the anti-reflection characteristics are simlarly good
and practi chl thg catodptrapiube of the presedtaneantionr gfik @ctfeond thatithe bfstt he present
i nvention, the adhesive layer is

optical thin film of the anti-reflection film predominantly contains titantum nitride, this

first optical thin film being electrically conductive and grounded.

In the anti-reflection film of the present invention, since the adhesive layer is

formed on the major surface of the restn substrate, the first optical thin film containing

one or more of titanium nitride, hafnium and zircomum nitride 1s formed on the

adhesive layer, and the second optical thin film having the refractive index of 1.35 to

1.7 is formed on the first optical thin film, the number of layers is small to facilitate

and simplify the manufacturing process to reduce the cost.



formed of a compound represented by the chemcal fornula SiQ ;, where x <
2, it is possible to suppress detachnent of the first optical thin film
fromthe resin substrate 3 further. If, in the anti '.r§f§e‘3?éd|8&{d(§’|2m of the
present invention, the first optical thin filmis mainly conposéd of
titaniumnitride, and the first optical thin filmis electrically
conductive, the first optical thin filmmay be used as an electrically
conductive filmin place of the ITO | ayer used as the electrically
conductive filmin the conventi onal fanti reflection filmto render it
unnecessary to provide an electri ca? y conductive filmto inprove the
productivity. Also, in the anti-reflection filmof the present invention,

if the first optical thin filmis -fonned of titanjumnitride, .having
strong absolptheantichligcaen dlinefithespresand inveatiamsicedhe adhesyis Y98 i s provi ded
on the face plate side of the cathode ray tube as_in the present invention,
t he i mpepated petasren thwresinsubstrateoand the first @pacalilin fbmeoptaRiBE OPACont rast 3
Sept enber 2002 8 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig.| is _a .

cr 0ss- seod dfutahiuwi wwidec hefmum ead kycariownimigide hée St antgabther fiknéonvent i onal
anti-reflection film Fig.2 is a cross-sectional view schematically show ng
t he st hstdiabletodle detached frotrethk ecdin eubstiatentoaasswe @ond prastichldy prtabbnt

invention. Fig.3 is a cross-sectional view schematically show ng the

st r uct ykieredlecess8idacéngpiest i ons of a cathode ray tube according to the
present invention. Fig.4 is a schematic view show ng the structure of
essential portions of a fihn form ng device. Fig.S is a graph showing a
typical relgtl bet ween.,t he velepgth and the refl.ectance. Fi.g.6 is a

o aph showi Ts- e RLEEI oS OAUSe P8 B iee i€ iSSP Genblingt he

refl eC}"e &fion film of the present invention is arranged on the surface of the face plate of

the display portion thereof, the anti-reflection charactenistics are sumilarly good and

practically suitable.



Fig.7 is a graph show ng the relation between the wavel ength and

transm ttance DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring to the

drawi ngs, preferred enbodi nent of the present inventi i | ai ned
in detail. The anti-reflection filmaccording to the g?g\g%%{mll?eﬁ\@é?i on is
configured as shown for exanple in Fig.2. That is, there are forned on

maj or surface 3a of a resin substrate 3, conprised of a thin-filmsubstrate
1 of resin, such as pol yet hyl ene tereﬁht hal ate, on a nmajor surface is of
which is formed a.hard coating | ayer 2 of resin, . 3. Septenber 2002 9 such
as acrylic redHsp, Wﬁ“@r%‘t‘aﬁcge%t phihepresspemgentipn, %ﬁ‘é@ﬁwl‘{‘%‘ﬁr 4, a
first optical thin filmS containing one or nore of titaniumnitride,

haf ni um nis fermeps afrcompasied irenreseintad yethe shemigaklosnnld od SiQs.avharhixik2,i I m 6
having a refractive index of 1.3Sto 1.7. In the anti-reflection film of

t he pr esetht firstwetitalahin filhets dahdisbledo bayletaced Sorarthé sxsabdupswiitea conpound
represented by the chem cal fornula SiOX, where x < 2. The adhesive | ayer 4
may al so be off, i thermeusfledtppridaesittRepleyerit itventiom thalirst optitdl ahinfildi NX,
where x < 4/3, or of a conpound represented by the chem cal fornula of

Si O ; N~ , m¥a8F B cénfpole@Bfkitnitthidridd, fand Whd Hrst Bt RS i ik a¥ekrichlly
represented by the chemical fornula SiOX, where x < 2, x is not |ess than
2, suffic ' : " in

cubst  at & B act R e e SREA SR AARRR bRl BV Bl GRACAE PRI RIER L i
silicon i | 4 , ' [Plo)! r-onoer b psor ption
ot oper (1 AT T By AR RCERUERRLA AR (Bl iR T on OBl
anti-reflegtion filmof the present invention, the adhesive Layer 4 may be
mai nl y cdﬁﬁ%%t@& Ti. In the anti-reflection filmof the present

invention, th hysi cal fi.l mthi ckness of the .adhesiv ayer 4 is
pref erabl y no?‘l{z’arf;’é‘ﬁﬁl‘f ﬁﬁ“’rn%ccﬁ‘ﬁpgﬂ‘ﬂoiﬂ\ﬁé’r‘?ﬁ@f‘w%ﬂ}’ lﬁe k‘%')%?l’ﬂ?ﬁl thp ¢ he
physical filmthickness of the adhesive layer 4 .is thicker. than 10 run, the
adhesi ve ﬁ'gy'érfmamzﬁiaé%ﬁaﬁw ylt@%ﬂwwg s§OPS AGRIPUQR Fhaspctemitise Anddhe
properties to unpair the anti-reflection characteristics. |f the physical
film thi @efasdequondipy 1sarapgedon the face platefsusfpenef the saihage s2yr @hgtthe bet ween
the resin substrate 3 and the first optical thin film 3 Septenber 2002 10
5 undesi rigigydisplaried obthedathelde padtube san he uaproved BX josgabton fil m of the
present invention, the physical filin thickness of the adhesive layer 4 is
preferably 5 i{rothgGonrmfledtontfha oflis peatntfintemtipn;iokriedsarn adhesive layer

is formed on a major surface of a resin substrate, a first optical thin filin containing

one or more of titanium nitride, hafmiwn nitride or zirconium nitrde is formed on the

adhesive layer and in which a second optical thin film having arefractive index of 1.35

to 1.7 1s fonmed on the first optical thin film, the number of layers is small, so that the

manufacture may be facilitated and simplified to reduce the manufacturing cost to

unprove the productivity.

In the anti-reflection film of the present invention, in which an adhesive layer

is interposed between the resin substrate and the first optical thin film containing one



outside this range, it is difficult to secure sufficient anti-reflection
characteristics. In the anti-reflection filmof the present invention, it
is desirable for the first optical thin film5 to be nginlﬁiconposed of
titanurn nitride, while it is also desirable for titantuPAPHRMREEI02, be
doped with netal. The nmetal may be exenplified by tungsten and gold. If the
first.optical thin film5 is nmainly conposed of titanurn nitride, the first
optical thin filmb5 desirably is electrically conductive. In the
anti-reflection filin of the present invention, the second optical thin
film 6 i orpretef tiehiue oipds édibofn gitdde of pird¢drign odsde, thhfrglopsead #hinf i | m

t hi ckness of the second optical thin film®6 conposed of SiOz is preferably
60 to 11Glmms nbfliableatodedetadhapfiodhe tebinrsubstrate & dsauragdodindSir@aidallyout si de

t he above range, it is difficult to develop sufficient anti-reflection

charactee&&ﬁkgﬂem&nnﬁn@ﬁaﬂbhmﬁaﬁﬁgggjon filmof the present invention the
second optical thin film6 may al so be conposed of MgF2 or Al zO-. As a

ne.on 2 . . . _
speci fied exapphe ahodd\ayattdia Wc‘lgﬁﬁ/ éer?ﬁréﬂekﬂb@ﬁﬁﬁ Bﬁt{hﬁ gfetsenttlﬁ'\eenﬁf)ﬁ sent

i nvention, a substrate forned yl ene terep ate Is used as a

thin-fil rhat eq.1. [ eon to
provi de gg?%%?Cdgﬁﬂ?%ﬁgggsggﬂ#ﬁgﬁgg%%2g3£é¥§§¥$ﬁQ§P§£S%#%@%r%g%ggﬁhin film
5 run in hickness havin chem ¢al_ .. 3. Septe r 2002 11 forrnula of SiO"
where x Si‘af,“é R %%“?P“r‘@tg"8§taf‘§8fa"f‘ﬁi§'¥?’ ?ﬁ%F%gEFei s formed by a thin film
13.6 nmin thickness forrﬁgd.off i N aHd t he second ogﬁic&i tth film6 is
formed by a tHr Bt o antigretigabom ifmiof the pLosert wxentnn, &igadhepyg dayer is¢ he
anti-reflection filmaccording to the present invention has the. adhesive
layer 4 flomigstofgcamroundjrepresintedhbethschgmigal foruds iy phereat € B1t 1The fast
optical thin film5-containing one or nore of titaniumnitride, hafnium
nitride @assibletesunpoenssictachment of thofirasdpoenl thia fdmfean the teapsubstratehi | e t he
second optical thin filmeé with the refractive index of 1.35to 1.7 is

f ormed. Brfughet he nunber of layers is smaller and the manufacture is easy
and sinplified to reduce the production cost to inprove the productivity.

I n the anti -r Hf inabt amnrdfldchvmbibo olthegpresent heepias drtfisnyeral thim fikn nce t he
adhesive layer 4 is interposed between the resin substrate 3 and the first
optical tidwnainly tomposed wif autaning notnee candntbe efiof optidabthiu filmiit eled@icalhaf ni um
nitride and zirconiumnitride) the first optical thin film5 is not |iable
to be detashetivé tRafifshept@sihin kbl Bt @sell 4sQini elgairdatly cbedwiive filigful ecti on
characteristics If, in the anti-reflection filmaccording to the present

i nvent i oplact BEtha NE34Pee ubctlys thdeléctné MR BRHd@dtive ftaiPedrRdnvapbagantied by the
chem cal fornula Si0" where x < 2, the, first optical thin filmb5 is |ess

liable t %fﬂﬁpigﬁﬁﬁﬁh§¢erfd'epmlﬁ1h§ocrs§§% it prREd Bt Bectrically cdndubdd® film to
(6]

anti-reflection filmaccording t he present invention, the first optical
thin film, cﬁétmﬁ&ghmxgg?posed of titaniumnitride, and the first optica
[ I call

thin filmSis electri y conductive, the first optical thin filmb5 can
be used as anAﬁl)ﬁﬁttﬁé &fl-tfiection film of the present invention, if the first optical thin
filin 1s formed of titanium nitride, having strong absorption charactenstics, and the
anti-reflection filim 1s provided on the face plate side of the cathode ray tube as in the

present invention, the image displayed on the cathode ray tube may be improved in

contrast



3 Septenber 2002 12 conductive filin in place of an ITO |ayer used in the
conventional anti-reflection filin as an electrically conductive film The
above-descri bed anti-reflection fihn of the present i j | so be
provided on a surface side of the face plate of a disg¥§§bgﬁﬁbéggﬁogf a
cathode ray tube. That is, an anti-reflection film 15 of the present

i nvention, conprised of a resin substgate 13, forned by a thin film
substrate and a hard coating layer, and an antireflection |ayer 14) nmade up

of an ad ' [ ' Lh filmand a second optical thin
filin, mfﬁﬁhﬁﬁBkﬁﬁﬁﬁ?FgP&ééfﬁkﬁ?ﬁ§§§&ﬂT§5being | ayered on the resin
substrate 13,FLS arraigned on a face p ate_l% a of .the cathode rgy tube 11,
as shown in FiFgg51s A& GRS SEyPRY Yiayerchepatically shovapghastiugirg ré
anti-reflection film15, In this case, preferably the first optical thin
filmof tépavenfiqnat aati-seftectipn filmrn 15 is mainly conposed of titanir.un
nitride, the first optical thin filmis electrically conductive and
grounded. ThatFig.2 s a4 keosasectianaf Viewtschemdtidalip shewving thgr soretied of an Fitg. 3. Wt h
the cathode ray tube of the present invention, in which the anti-reflection
filin of fellectipreRlemicdordiegtd e présept @vetesth. on the face plate surface side
of the display portion thereof, the anti-reflection characteristics may be
optuni zed, as Eii%"lﬁ ishe c1o8$-SetlonhlRgevRBdHeriaBiEAIRGhbRihgfthe Sin@turelof eprertgnt
invention. If the optical thin filmof the anti-reflection film15 is

fonned of &di&@ﬁf"!‘cdﬁﬁ&c@r@fmﬁe%c&id RYhPplebtgnvdtibfie cathode ray tube is
deS|ranypunproved In contrast because of " the strong absorption proper to

Shown by ar ron®*3 AL EaRcVEGRS MRS PRl Zsst b RSB O o

as the re Iect%gvkgght of the lesser light volune than that of the incident
| i ght sho “%? ar 6w At . Preferably, the anti-reflection film 14 of the

cat hode ray tube .11 has,the el ectromagnetic ve shi el di function. That
o "The of ot PR TAyherit avans SRy thion SREer P el bEay {ube 1
|, isillumpnated to outside, in the direction indicated by arrow B2, as
t he el ect™® gﬂ%ﬂﬁétic wave snmaller in volunme than the el ectro-magnetic wave

in the cathode.ray tube 11. The manufacturing method of the above-descri bed
anti-reflecti 619193 sraph sheping another typical relation between the wavelength and

the reflectance.

Fig.7 1s a graph showing the relation between the wavelength and transrmttance.
DETAILED DESCRIPTION OF THE INVENTION

Refernng to the drawings, preferred embodiuments of the present invention will
be explained in detail.

The anti-reflection film according to the present invention is configured as
shown for example in Fig.2. That is, there are formed, on major surface 3a of a resin
substrate 3, comprised of a thin-filim substrate | of resin, such as polyethylene

terephthalate, on a major surface is of which is formed a hard coating layer 2 of resin,



present invention is hereinafter explained. First, the hard coating |ayer 2
is coated on the major surface 1 a of the thin-filin substrate I, formed of
resin, such as polyethylene terephthalate, to formthe:\,#esti n suﬁ%iate 3.
This hard coating layer 2 may be formed by coating acryTTRCFREr 4907 outinel y
used in this sort of the anti-reflection filth. The adhesive | ayer 4 then
is formed on the major surface 3a of the resin substrate 3. If this
adhesive layer 4 is funned by a conp8und represented by the cheni cal

fonnula of SIQ ., .where x < 2, it be funned by or sputtering,
using si ISPelRs agEylie ‘teéﬁﬂg%‘ﬁe%?quéé?f%}abfﬁ’ée & afhsanye %ﬁehéy st Bbtesbroun of
oa~~gen introduced by mass flow controller (MC), residual background

o~. ygen dhinflins} ganéainipg opg opmoERiok tHariumHtrflsghafaiust nigtderrd Breonsuiet er ni ned
by the oxygen partial pressure. As a matter of course) if the oxygen
partial putedsuard 4 scomhepticat then Gbmpdeivingarefractsal iaflgx aff 1.35 ta t@n, which is
netallized, thus intensifying optical absorption characteristics and

i npai ri ng ant inr thefdmeGtdfluatich dilmcd fethe Presest IdvehBor, the alidséveplagéed ied to
avoi d excessively 3 Septenber 2002 14 | ow the oxygen partial pressure.

The fi rstpraeﬁdbgadfatdahipoﬁmmréesaﬁ@dbyaw%ﬁe@iw fRinukAEiOL RitiRrd & km Bhd hen are
formed. I'f the first optical thin film5is a thin filin formed of TiN, it

may be fQuARsdIMyerl4dhaPIRIBL Bf a BSmpottid :@prddented B Btk delhidd] $onifda 8 t ar get .
If the second optical thin filmis a thin fihn formed of Si02, it may be
fonned byf EXAIR}e ' | (N t If the
filn1for§PHQQ%QV|ce'?hgﬁﬁgfﬁﬂgpg%&%p§$ﬂ§ga?9%%8 ﬁ@?@b@?&ﬁP§§§g§?$ab|y

i mproved. .This filmf ing device is configured for formng the thin fihn
by sputtégpﬁﬁ¥<%ﬁ§§¥%q2*ly, a vacuwn chanber 21 is divided into a
payout /t ake-up. chanper . 23. eyvacuated b5~ g turbo_nol ecul ar punp,22 havi ng

t he evacuat i ng' Wy QFBF pihepivsdayey rrelgﬁ%ﬁ’i‘fﬂdg’,y tg@@'ﬁ)e‘ﬁ“ic? E“‘géﬁ‘@eéﬂﬁﬁe, and a
filmform ng chamber 25, evacuated by a turbo nol|ecul ar piunp 24, having
the evacdat4.#ds eatpessihandy syfficiepthondigsyeasth eapspt FE‘%\‘eiopﬁérbcg‘éf‘r?Bﬁ’&f% W't hin

t he payout/take-up chanmber_ 23, there are_provided a cylindrical payout rol
26, rot afesdn MH@@er%@,opagal§hmﬁhw veherean, thx 1s foegsmaalb gilicaais cal rol |
take-up roll 27, rotated counterclockw se, as shown by arrow m. Z~~ithin
the fi (1 metdhipgdigdendesebly2phubitharangeropiicalahgestion popbitwgtaapazghe ot at ed
counterclocl.~.vise, as shown by arrow n2. f~~ithin the fihn-fonning
chanber 26ti-r¢fiestion icharactersigrsd a noi sture cool i ng pwnp, not shown, for
cooling the surface up to approxi mately-120C. This cooling punp may be
exenpl i fied bin the wati-exfleptionpfilim efjths pessent ibventionnthe kihasarudae dunaobdy t he

Pol yCoi d I nc. 3 Septenber 2002 15 The resin substrate 29, reeled out from
t he payoutauil@icbmp6bsadidffliin t he payout | take-up chanber 23 as indicated by
arrow M is run along the peripheral surface of the filmform ng chanber 25
So as to be tiakboanpreftectibe filialo€ thepré@ht inkdntidn, teeplgaialitiadéckapssc hanber

23. For permtting snmooth running of the resin substrate 29 under a pre-set

t ensi on, ofitel2ABESiEctllay Ul i PréfBlably mdfd fargdQhan [@halaa6 nié pletirabl9akyizse, and a
cylindrical guide ro?l 31b, rotated counterclocl.~vise, are provided in the

payout | t alee IfRnCHRRRAS 63 thALIBEOE BRIRAKRURy0l & dRPk@Har fenfiopld ng can

28. There are al'so provided a cylindrical guide roll 31 a, rotated

e TR A B BRI 12y
27. As t. i , i
oL PR SRR B SR A SR DR,

t hi ckness provided.on a resin substrate of polye | ene t.erephthal ate

havi ng as‘ffﬁ‘FE’Rh "tﬁ‘S“fS@?‘ ,e&‘menéﬁweaww%tr%%%W@;ﬂeﬁ& optica {lynit 110 nm
O course, the payout roll 26, cooling can 28, take-up roll 27, guide rolls
30a to 30c and the guide rolls 31a) 316 are sized to support the resin
substrate 29 in the width-wise direction. Meanwhile, in the filmformng
device, the payout rol | 26) cooling can 28, take up roll 27, guide rolls
30a and 306 and the guide roll 31 b can be rotated not only
countercl oci ~~vise, as shown by arrow, but also clockw se, while the guide
rolls 30c and 31 a can be rotated not only cloc(cw se but al so

countercl ockwi se, so that the resin substrate 29 taken up on the take-up
roll 27 can again be taken up on the payout roll 26. 3 Sept enber 2002 16



A high frequency etching device 32 is provided behveen the payout roll 26
and the cooling can 28, snore precisely in an area between the guide rolls
30a and 30b in the filmform ng chanber 25, for facin i bstrate
29. Atitanutn target 33 is provided as a single cath%&%qﬁg%%%tgg%ﬁttering,
bet ween the payout roll 26 and the cooling can 28, nore precisely in an
area registering with the peripheral surface of the cooling can 28 in the
filmform ng chamber 25. A silicon t&®get 34 is also provided as a dual

cat hode for AC sputtering between the cooling can 28 and the take-up rol
27, snore5B?@@Pé@ﬂfaﬁFﬁéeﬁ%ﬁﬂPP%% registering with the peripheral surface
of the cooling can 28 in the filmformng chajnbei ~25. The titani umtarget
33 may be of gn theraptireleeing filmeofithel presert inyrntioastba phygieal fdmghizness 600 sun
and a length along the running direction of the resin substrate 29

i ndi cat edofbthe adhesiveMapér 4 50prafenablif etosd S moorif tthe ghysidd fikay thiekneswoissi | i con
targets arrayed side by side, each silicon target being of a length al ong

the w dt hoadidé ks f&gé,rit BicuR e setlroduffiblnt Aiti-Rifldciorl E@ddteradtiony t he
running direction of the resin substrate 29 indicated by arrow M of 75

rnrn. There i3y aleSfiPle@¥baiftiion bf GRtprédeaNBRNEAERNSEIs RTINS Withe BRIt 36
having a light illumnating portion 35a and a light receiving portion 36b

bet ween t&gicﬁ%ﬂﬂqf;me%ﬁa' oﬁl}l{b‘gs&%ﬁ%mﬁﬁﬁg&id il If_‘sha‘?£oe&4s§rn9¢1¥ at a

position gistering wtht g ero 1b 1n e Tl or ni ng
chanber . ~=~~i cl ~i . i e he direction
of thi ckﬁfggtsl{aﬂglﬁzﬁgqﬁ%oascu&rogﬁg%’tl&lgﬁ?téf?hgéﬁ#%ﬁﬁ%ﬁfﬁéﬁﬁghgggy hitgseht i ght

iIIuninate% by,the light illwninating portion 3~a arranged outside the
vacuum % §@é¥enber 2002 17 chanber 21 is received by the light receiving

portion 36b. r nufacturing the anti-reflectign filmaccording to the
present i nvenfﬁo b Ey‘%'@al&bé\/@-ﬂug&mawbﬁcm%ﬁé Pgﬁlﬁﬁnﬁgl w&;ﬁ?%éhe firsd
followi ng nethod is used for manufacture. First, the payout roll 26,

cool i ng cepticeighin lee3 dpsirably is glectipally sopdiictive.30a, 30b and the guide rol |l
31b are rotated countercl ockwi se, at the sane tinme as the guide rolls 30c
and 3la are r & theaatigeBeipnddmaf thepieseng tnvenigon, dy secenbeptrcal dipbloir om t he
payout roll 26 in the direction indicated by arrow Mto etch the resin
subst r at & Bopretesablipromipesdsi efhSthelutng yaset disi physuel/ fibe tzkness rifgbe t he
substrate surface: ~ The resin substrate 29 is then caused to run along the
peri pher yseodnd deicelabini flg tcampd8edat $HE), isproferabdkeh taubl Oomnt Hah¢ sdceadip r ol |
27. The payout roll 26, cooling can 28, take-up roll 27, guide rolls 30a,
30b and tdpticgiuthahefilnod forBith o8& ripbvatseid tied alodvwiraee, ais diffecudvtbdevdlogne as di e
guide rolls 30c and 31a are rotated countercloclw se to take up again the
resi n subsffidén adfrefiet@nichk@nterpticdn t he take-up roll 27, on the payout
roll 26. The payout roll 26, cooling can 28, take-up roll 27, guide rolls

30a, 306 and tihge@uhdeflédioh fitdh JT thgr@sct ervetion, @Rk st SitiaP@kiRe, at the
sane tune as the guide rolls 30c and 31 a are rotated cloclwi se to reel out

the resirg sbPalsh Bk omPolddUNNIGE RayQy roll 26 in the direction indicated
by arrow Mto cause the resin Substfate 29 to run on the peri pheral surface

of the cooling cag 20 bRk 8P uRNRSIRAGY Bl E% ROYRG, Byt ng the
chem cal for rrusa %l:%c %}cO(,x \%}ere X < 2, cusﬁ3l/ t engdlfclc(?rgo targ r %4 as a dual
invention, a substrate formed of polyethylene terephthalate 1s used as a thin-film

substrate 1. The hard coating layer 2 1s provided thereon to provide a resin substrate

3. The adhesive layer 4 is forined by a thin filin, 5 nm in thickness, having a chemical



3 Sept.enber 2002 18 cathode by reactive AC sputtering using a plasma

em ssion nonitor. The resin substrate 29 then is run between the |ight
illumnating portion 35a and the light receiving porti e |ight
transm ttance neasurenent unit 36 to neasure the thicEgggéghPQ{ﬁ%ﬂ%dhesive
| ayer 4 fornmed of a conpound represented by the chem cal formula SiOx,
where x < 2. The produce is judged as to acceptability based on the results
of nmeasurenent, while the subsequentlﬂanufacturing conditions are
accordingly adjusted. The resin substrate 29, now carrying the adhesive

| ayer) t RemmylaotSiflerivhgse 8iv 4 waule thedirsipntispl thorfilmrhis fonmed by bm ftlie sur f ace
of the resin substrate 29~by the etching by the high fiequency etching

devi ce 343&nunuhdudkgessdoiroed of Ti\vndalipsedond optigad thindimifets dammpdddy out i n
succession. The payout roll 26, cooling can 28, take-up roll 27, guide

rol |'s 30ahin3in 88nun ihthidwmieskeformbd oB83iD,ar e rot at ed cl ockwi se, at the sane
tinme as the guide rolls 30c and 31a are rotated countercl ockwi se to take up
agai n the resTRatSbbbe raatisre9cti6rn Gin tRkSmingPtc0thet fiesdnd kgverfion Gt tie/, on the
payout roll 26. The payout roll 26, cooling can 28, take-uP roll 27, guide

roll's 30g4nhaRk a4 4 fRmg ioﬂeth!li l?:laﬁor%lx@fak@ 88 oftke F&h@&&ﬂtrﬁ@ﬁ?tﬁe% k tse, at

the sane tune as the guide rolls”30c and 3la are rotated clocl.~~~ise to
reel out 8bggalrtﬁ§1' filnS 5 RShlatifle Ode Bf}ﬁ{&é BFtiBaf’i‘zngHtmtﬁ%,' uld it gid ection
i ndi cated by arro~;~ Mto cause the resin substraté to run on the

per | pher gl SHLGAGATs ARReS 80 NSk Bl £ kS WAL paRR N 1 (11

of titaniumnrtri I rum as a si e cathode by
[ DC i uUsSi S 0 1 I i SSi
ot oy SR R L8 133 59 BRRhet TRt BB B RS o 1

30a, 30b ang th uide roll 3 Ib are rotgted cloc) waise, at the sanme tune
as the géi"&@crraé‘ﬁlt C%E“‘éﬁﬂ"%is %ﬁséla@gls’é‘t‘%l’c teéﬁfﬁlcérdéq H@Eb\?tg@ G08t ©ake up
again the resin substrate 29, once taken up on the take-up roll 27, on the
payout r #pproygthemiaduciydiiit rol | 26, cooling can 28, take-up roll 27, guide
rolls 30a, 30b and the guide roll 31b then are rotated counterclockw se, at
the same ti melndke anvercflafisen flgr acsosives tartle Iesenahwentnmasiage deodhssivse to reel
out the resin substrate 29 fromthe payout roll 26 in the direction

i ndi cat ethyby 4as ngrphbedbatwgse thehresingsibstrase Bsandathe 29 apsicaluthirofilon e

peri pheral surface of the cooling can 28 to forma second optical thin film
of Si Oz, costhingigronsiol inoonof @rgetn @4ides handuwahitwdd hlderchyiunemaide e DC
sputtering enploying a plasna em ssion nonitor. This conpletes an

ant i - r ef lesttapanalf thiomfilra dimpr netdchbef td be dacblesi frem thgarsinfsubsttateptiocal t hin
filin and the second optical thin film sequentially fornmed on the resin
subst r at @np@ve filkanaasfit@iomcthhidctenistiss t aken up of the take-up roll 27. |f
the anti-reflection filmof the three-laS~ered structure is fornmed as
descri bed abayan thdwntipmetast flvh A6cREREashé pref@itk@ehyios) thphdidstd i n
conparison with the conventional five-layered anti-reflection film such

that di el genuiaehiEd it BHREAIY EfBs e BN RGHeinitaPfotiRR SO NBiRes to
facilitaté the manufacture and managenent. Also, in the above-descri bed

speci fied Z?EQ_QQRQEH&J fin 606 588 1dss [i86ik 85 bd QadticdBom the resin substrate 3.
If, in the anti-reflection filin according to the present invention, the first optical

thin film 5 1s mainly composed of titanium nitride, and the first optical thin film 5 is

electrically conductive, the first optical thin film 5 can be used as an electrically



of the present invention, the total filmthickness of the adhesive |ayer 4
and the fast 3 Septenber 2002 20 and second optical thin filnms is 106.6
run, which is markedly snmaller than the total fihn thiignegs ofﬁbhg

above- descri bed conventional anti-reflection film whi choPRemker2f2 1,0
result is that, if a fihn-formng device in which sputtering can be carried
out in succession as a manufacturing vi ce, the substrate running speed
can be increased in conparison with ghe conventional device, thus markedly
unprovi ng the productivity. Mreover, in the above-described .

ant i - r ef | @sdpetiver filimingrlagernd apd E9dayeriusgdimt the ponventipnal petiseigction flandow t he
first optical thin filmb5 of titaniumwith electrical conductivity to use
t he firstasoptélecficallyi qonfligtimedilas an el ectrically conductive filmin place
of an ITO | ayer used as an electrically conductive filmin the conventional
antirefl ecti oMtkidbbve-déderibédantFeflebtion filvh wf thegeeseas indvnttdremity hlsalbey
conductive filmin the conventional anti-reflection film is formed by

sput t eri ngroviied 6alals@ffaf0ddd 66the WMbeGlatdba displ ibh @f Fehdblétaydhbd ndi um and
tin, are produced on the target surface. Therefore, the vacuwn chanber

needs to be opgaed A dlreBB SIS dffe @l&?&&mﬁamf, c?:ﬁ?ﬁ?&i 4Makghy 1000 nm

to clean the target surface. This renders continuous filin formation

difficult t t ' - t j d bl
ITiieu su%k*&ﬁf 1@6‘%0:&1%8 b ‘r%{) %&g{ifi@&gﬁ’s td EaPh ﬁ&ﬁa‘f&taﬁgg Zﬁ}%&eﬂd ;{fﬁ%ﬁf—. erabl e

tune lapse to lower the wever, | me is used

to manufa re t.he ti-reflection film of .egent . m-ention

cont | nuodenprfarfes il et op & Bhepive Pl o 5P eRFED B0 AL RFER020RG1
significantl ecause .t he nodul es .ar enerated in,significantly smaller
Srunt s dptchbERS salRe ARGt Tuit LS Ty tadntie shinbsdaor ¢ he

| TO | ayer.. EXAMPLES.- 3 Septenber 2002 21 For canfirmng the effect o f the
present i¥v&marasnediane fes platg Hg @ﬂgfe?aﬂwéﬁtrawgeéémméwa.m FigestAng

refl ectance curve was prepared by simulation for_a case in which, in the
ant i - r ef |aagrdong fayprd Glalge nrﬂvmp%oxz,thetaq@-raﬂn@sqw@m Byer 4 is athinfilms
run in thickness, forned of a conpound represented by the cheirucal formula
Si O ~, where inthi9casghpreferaldy theplinstepticahfbmn filrh phthe dngi-gile¢tian film k9 13. 6 ni n
in thickness, fonned of titaniumnitride, and the second optical thin film
6 is a thfmiinlyncahipBeddf tB8ninmwnnitmdd, Ithe Knstseptidahdlio flaviinglectrzallef racti ve

i ndices and the extinction coefficient as shown in Table 1. The refi active
i ndex of dohdudthierrafligronmslathsThatis the afiti-tdflectios fihs Uh 3¢ gmueddl mwdSgdet to 1. 43,
while that of the hard coating layer 2 is set to 1.49. The results are
shown in Fi g. ®ith thewhihobte tdyaulbdsfiths presanihvehgon idivhvchehelemnoteflechen

uravel ength and the refl ectance, respectively. wavel engt h nn380450550.
6507805~ ity &ff thepidsenet ihvih@¥n iprévided 31 1 fade phtadinRise vide lofiyley disgly | nction
coefficients kO.51U. 240.089-0.057'f iNrefractive iildcx

~i - 1. 837 1bt@dt3héredd the hbdd-FeTlecAPt ElfRhctbdidilck hnafylﬂelogauneeéa,l LGhidancgeefficients
k-0.767C0. 90010. 9901- Si 02 refractive isldex nl.461.481. 441. 441. 45(secom

optical td i bbb ELAGEURpERE! [veh@sit s k00000 NN w'a a 1
If the optical thin film of the anti-reflection film 15 1s fonmed of ttanium
nitride, the display picture on the cathode ray tube 1s desirably unproved i contrast

because of the strong absorption proper to titanium

In the above-descnibed cathode ray tube 11, the incident light shown by arrow



N N 3 Septenber 2002 23 An anti-reflection filin, configured as nentioned
above, was actually produced and its refl ectance cun~e neasured. The
results are shown in Fig.6, in which the abscissa and 4 e ggqin%%ﬁ denot e

t he wavel ength and the refl ectance, respectively. As na RNl £082 om
conparison of Figs.S and 6, the results of the sinulation coincide with the
measured results satisfactorily. It i thus apparent that, with the
antireflection filin of the present invention, the reflectance
characteristics can be derived fromsinulation. Thus, an anti-reflection
filmwas priepeffested asshewa byi aeve Hs ps thg reftecied lighof tleg lesses light waluwpt i cal

thin filin 5, in which the adhesive |ayer 4 is represented by the chem cal

f ornul a dhasthey of theweaident ightshowndyrravwaAf.i | m t hi ckness of 5 run, the fu-st
optical thin film5 is athin filmformed of titanirun nitride, and those
for the secon@redpiablyathetahtineflédtion Gilind 4 af theicathfoidk nayafibéSl Oias theaalécn®-t he film
t hi ckness of 88 run, were slightly changed, and the anti-reflection

char act enhgdreGewhes Shiclimg fhnones. THNE, fiRfelRebansghetid Wae Ghokh IB:y pr@pared
anti-reflection filmwas neasured. The results are shown in Fig.7, in which

the abscigpg @dathbée &gﬁhlﬁ@l E i?ﬁlﬂﬁﬁﬁat&&‘% NAYyaL Qﬂ%éhi?&‘?iohgxgdié k4 pgt ance,

respectively. It Is se fromthe results of Fig.7 that, adj usting the

char e oA iR ER g oy 8 SN glee oon o

realized over d w hat 1's, op

characterjsti.cg ca realized over a wi de wavel ength range It may be
contenplé%%ﬁl?ﬁgf?ﬂpggfﬁ%a@ﬁéﬁacteristics ofthe other |ayers are adjusted,

|l ow transm ttapnce cap be. achieved.over tire wide wavel ength.ra , that 3
sopt ebor 200ShSanetcRE R HREe S ahatsiSribal Y AehE e ol | zed
over a wi de wavel ength range. It has now been seen. that, hy optim zing the
film thi FEFREESBYCntiopns Beremgller gyplasrad. dirskihg lved Popinedaydri2ah estted 01 ¢ ho
respective |ayers, according to the present invention, an anti-reflection
fil m can themaler sirfasq lawil t thug-filmgubsirate hifermed efgasi, suchas polycthylent | ent in
reflection characteristics, over a wide wavel ength range. It is noted that
t he sheetterephthalafeyta fpripfthe resinpubsteate 3.ahhis haed ¢asgni dayef £ Imay tiesfoufied he or der

of 400 to 2000 ~2cm 3 Septenber 2002 25 Wi AT IS CLAIMED | S
by coating acrylic resin, routinely used in this sort of the anti-reflection filin.

The adhesive layer 4 then is formed on the major surface 3a of the resin
substrate 3. If this adhesive layer 4 is formed by a compound represented by the
chemical formula of SiO,, where x < 2, it may be formed by DC or AC sputtering,
using stlicon as a target. Silicon may be oxidized using a trace amount of oxygen
introduced by mass flow controller (MFC), residual background oxygen or moisture.
[t 1s noted that the degree of oxidation is detenmined by the oxygen partial pressure.
As a matter of course, if the oxygen partial pressure is lower, the composition is solely
of silicon, which is metallized, thus intensifying optical absorption characteristics and

umpairing anti-reflection characteristics It is therefore preferred to avoid excessively



1. An anti-reflection filmwherein an adhesive |layer is forned on a nmjor
surface of resin substrate; a first optical thin film containing one or
nore of titaniumnitride, hafniumnitride or zirconi ur’r&git&imc@dis fornmed on
sai d adhesive |ayer; a second optical thin film having®2°P 4902 i ndex
of .35 to 1.7 is forned on said first optical thin film and wherein said
adhesi ve layer is represented by the chem cal fornmula of SiNx, where x <
4/ 3, or by the formula of SiOxNY, whdarde x < 2 and y < 4/3. 2. An
anti-reflection filmwherein an adhesive layer is formed on a nmgj or surface
of resin loubdeoaygen parialipsessenst i cal thin filmcontaining one or nore of
titaniumnitride, hafniumnitride or zirconiumnitride is forned on said
adhesi ve | ayerThedirstexpainal thmtfilond andithe skednh dpaval tign dilmes thag nievformedlex of
.35 to 1.7 is forned on said first optical thin film and wherein said
first optifere fitdbbptical kiihfHiNS ¥ Lohit abid Sotnmddedtl TIM, Rivhdy befanddWyefei n net al
is doped in titantumnitride. 3. An anti-reflection filmwherein an

adhesi ve Lavgile,iFC EIti¥RiEg Qikirgy fhdin 844 [REQ. Of the 8&dond DplsAliRhSilnfis! 1 T St
optical thin filmcontaining one or nore of titaniumnitride, hafnium

ptical thin arti ng' i ) naffium
opt 1 cal Chith FERTORIRANESION Bl bP R O, 30 P A Sy il o3RO

sai d firsét..ocg‘tz,;scatl‘,ﬂtgin film and wherein said second optical thin f Imis
fornmed of "Nfﬁ SY'¥%&t203 4. An anti-reflection film accordi ng to claim2 or

3, herein saig adhesive Laver |5, eptoseni cd by Lhe chert gl fopmil s of
improved. This film-forming device is configured for forming the thin film by
sputtering, )

Specifically, a vacuwn chamber 21 is divided into a payout/take-up chamber 23
evacuated by a turbo molecular pump 22 having the evacuating capability of, for
example, 1000 liters per second, and a filim-forming chamber 25, evacuated by a turbo
molecular pump 24, having the evacuating capability of, for example, 1500 liters per
second. Within the payout/take-up chamber 23, there are provided a cylindrical payout
roll 26, rotated counterclockwise, as shown by arrow m,, and a cylindnical roll take-up
roll 27, rotated counterclockwise, as shown by arrow m;. Within the filin-forming
chamber 23, there 1s arranged a cooling can 28 rotafed counterclockwise, as shown by
arrow m,. Within the film-forming chamber 25, there 1s arranged a moisture cooling
pump, not shown, for cooling the surface up to approximately ~120°C. This cooling

pump may be exemplified by a water-pump (registered trade mark) manufactured by

the PolyCold Inc.



3 Septenber 2002 26 5. The anti-reflection filmaccording to claim2 or 3,
wherein said adhesive layer is represented by the chem cal formula of SiOX.
where x < 2. 6. The anti-reflection film according t(’f%éﬂdynﬁ og wher ei n
sai d adhesive layer is mainly conposed of Ti. 7. The anti-re Pt ? nfilm
according to claim1 or any one of clains 4 to 6 when dependent on claim 3,
wherein said first optical thin filn1qpinly contains titaniumnitride and
wherein nmetal is doped in titaniun1ni%ride. 8. The anti-reflection film

according to aim.7 o, an e of claj 4 to 6 when ndent pn claim 2,
Sherein gai o Hg A SiaRat, 2 rdledrhdl Tt 8 wasbbf onll oA MR oBl gt o
claim?7 or any one of c]ai 4 t0 6 en dependent on claim?2) Werein said
met al isP@BP‘t‘f.}ltali‘b‘}Pf @l 73 3 p W%’gmw W ci5 T P Bo i Reripheraby any one
of claims 4 to 9 when dependent on claim1l or 2, wherein said second
optical tshiface ¢f the filmfforming chambefrs srasAa bo taken up prdheake-upapll d¢tinon il m
according to claiml1l or 2, or any of clains 4 to 9 when dependent on claim
1 or 2, uhepamiont/ske-adpshawher 2Hpthoe abrmitting siidoth wsningroftlt: wfinSubdrate 2. The

anti-reflection according to claim 11l where the physical |ayer thickness of

t he secony wdet L£pde-sebiensibh) dylihdricat gudt r&isMaj 30 Cothed tolftertidcldhdse, The
anti-reflection filmaccording to any of the preceding clains, wherein said

adhesi ve ghayeyhafical RakR £l 31 RYRkattdicekmestodkMisel ArdProdiidd id ghem  14.
The anti-reflection filmaccording to claiml| 3 wherein said adhesive |ayer

has a physigalalypindiber 8D setvedh te ot (D6 m@d@%ﬁ%%’@dh R00ghegd 15. The

anti-reflection filmaccording to a one of the prec ng clal nms, where

sai d irste RS bf@idddd BytddPan@far iy pd, GBlatd PYSEILLDE ChNES SyRiarRal © 25 NM

guide roli 31b, rotated counterclockwise, in the payout/take-up chamber 23 between
the cooling can 28 and the take-up roll 27. As the resin substrate 29, such a resin
substrate may be exemplified which is comprised of a hard coating layer 3 to 6 xm 1n
thickness provided on a resin substrate of polyethylene terephthalate having a
thickness of 188 um, a width of 300 nm and a length of 150 mm. Of course, the payout
roll 26, cooling can 28, take-up roll 27, guide rolls 30a to 30c and the gwide rolls 31a,
31b are sized to support the resin substrate 29 in the width-wise direction.
Meanwhile, in the filin-forming device, the payout roll 26, cooling can 28, take-
up roll 27, guide rolls 30a and 30b and the guid;a roll 31b can be rotated not only
counterclockwise, as shown by arrow, but also clockwise, while the guide rolls 30c and
31a can be rotated not only clockwise but also counterclockwise, so that the resin
substrate 29 taken up on the take-up roll 27 can again be taken up on the payout roll

26.



16. The anti-reflection filmaccording to any one of the preceding clains,
wherein said first optical thin filmminly contains titaniumnitride and
wherein said first optical thin filmis electrically conductive. 17. The
anti-reflection filmaccording to any one of the pr eceﬁﬁﬁ@“’&?%ﬁ?ﬁ?zv\her ein
a hard coating layer is forned on the surface of the resin substrate facing
t he adhesive | ayer and wherein an adhesive layer is fornmed on said hard
coating layer. 18. A cathode ray tubééwherein, on a face plate surface side
of a display portion, an anti-reflection film conprised of an adhesive

| ayer fornmed dnugh frafieancs gichigedeyfcesd2iepionided betvegr the paypimoll 26pmndcal t hin
filmcontaining at | east one or nore of titaniumnitride, hafniumnitride
and zi r cahe goolmigtaand$, et pretiselytin epiiaadictwdrinthé ghide bellnd0a ordddb ion sai d
adhesive | ayer and a second optical thin filmwth a refractive index of

1. 35 to Ithd filmforaingehaaber 3, fatfacpg itleadesintsubstfatd 9. sai d anti-refl ection
filmbeing arranged facing said resin substrate. 19. The cat hode ray tube
according to ¢ mhmtuh @arpbey3ak provded ak ialshiglduitioea!fol DT plitbdngBeftasncont ai ns
titaniumnitride, said first optical thin filmbeing electrically

portion fﬁ% R e S R R P A L R S L L AR
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There is also provided a light transmittance measurement unit 36 having a light
lluminating portion 35a and a light receiving portion 36b between the cooling can 28
and the take-up roll 27, more precisely at a position registering with the guide rolls
31a, 31b in the film-forming chamber 25, for sandwiching the resin substrate 29 along
the direction of thickness, and a measurement unit 35¢ for measuring how much of

light illuminated by the light illuminating portion 35a arranged outside the vacuum
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)-S 10%& (t}le ucc{ql%n(&dlg an(()ki M to etch the resin substrate 29 first by the high

frequency etching device 32 to rise the substrate surface:” The resin substrate 29 is

then caused to run along the peniphery of the cooling can 28 so as to be taken up on

the take-up roll 27.

The payout roll 26, cooling can 28, take-up roll 27, guide rolls 30a, 30b and the
guide roll 31b are rotated clockwise, at the same tune as the guide rolls 30c and 31a
are rotated counterclockwise to take up again the resin substrate 29, once taken up on
the take-up roll 27, on the payout roll 26.

The payout roll 26, cooling can 28, take-up roll 27, guide rolls 30a, 30b and the
guide roll 31b then are rotated counterclockwise, at the saxn;a tune as the guide rolls
30c and 31a are rotated clockwise to reel out the resin substrate 29 from the payout
roll 26 in the direction indicated by arrow M to cause the resin substrate 29 to run on

the peripheral surface of the cooling can 28 to form an adhesive layer of a compound

having the chemical formula of StOx, where x <2, using the silicon target 34 as a dual
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measure the thickness of the adhesive layer 4 fonmed of a compound represented by

the chemical formula SiOx, where x < 2. The produce is judged as to acceptability

based on the results of measurement, while the subsequent manufacturing conditions

are accordingly adjusted. The resin substrate 29, now carrying the adhesive layer, then

is taken up on the take-up roll 27.

The rinsing of the surface of the resin substrate 29 by the etching by the high
frequency etching device 32 aud the formation of the adhesive layer may be carried
out in succession.

The payout roll 26, cooling can 28, take-up roll 27, guide rolls 30a, 30b and the
guide roll 31b are rotated clockwise, at the same time as the guide rolls 30c and 31a
are rotated counterclockwise to take up again the resin substrate 29, once taken up on
the take-up roll 27, on the payout roll 26.

The payout roll 26, cooling can 28, take-up roll 27, guide rolls 30a, 30b and the
guide roll 31b then are rotated counterclockwise, at the same tune as the guide rolls
30c and 31a are rotated clockwise to reel out the resin substrate 29 from the payout
roll 26 1n the direction indicated by arrow M to cause the resin substrate 29 to run on

the peripheral surface of the cooling can 28 to forin a first optical thin film of titanium

nitride, using a titanium target 33 as a single cathode by reactive DC sputtering using
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The payout roll 26, cooling can 28, take-up roll 27, guide rolls 30a, 30b and the
guide roll 31b are rotated clockwise, at the same time as the guide rolls 30c and 31a
are rotated counterclockwise to take up again the resin substrate 29, once taken up on
the take-up roll 27, on the payout roll 26.

The payout roll 26, cooling can 28, take-up roll 27, guide rolls 302, 30b and the
guide roll 31b then are rotated counterclockwise, at the same time as the guide rolls
30c and 31a are rotated clockwise to reel out the resin substrate 29 from the payout
roll 26 in the direction indicated by arrow M to cause the resin substrate 29 to run on
the peripheral surface of the cooling can 28 to form a second optical thin film of SiO,,
using a silicon target 34 as a dual cathode by reactive DC sputtering employing a
plasma emission monitor.

This completes an anti-reflection film, comprised of the adhesive layer, furst
optical thin film and the second optical thin film, sequentially formed on the resin
substrate 29. The completed filin 1s taken up of the take-up roll 27.

If the anti-reflection film of the three-layered structure 1s formed as described
above, the manufacturing process is markedly simphfied in comparison with the
conventional five-layered anti-reflection film, such that the manufacturing process can
be managed in a simpler manner to facilitate the manufacture and management.

Also, in the above-described specified embodunent of the anti-reflection film

of the present invention, the total film thickness of the adhesive layer 4 and the first
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The result is that, if a film-forming device in which sputtering can be carried out in
succession as a manufacturing device, the substrate running speed can be increased in
comparison with the conventional device, thus markedly improving the productivity.
Moreover, in the above-described anti-reflection film of the present invention,
it is possible to endow the first optical thin film 5 of titanium with electrical
conductivity to use the first optical thin film § as an electrically conductive film in
place of an ITO layer used as an electrically conductive film in the conventional anti-
reflection film. If the ITO thin film, used as an electrically conductive film in the
conventional anti-reflection film, 1s forined by sputterning, so-called nodules, which are
a composite material of indium and tin, are produced on the target surface. Therefore,
the vacuwn chamber needs to be opened after sputtering the substrate by
approximately 1000 nm to clean the target surface. This renders continuous filin
formation difficult such that sputtering can b e re-started only after considerable tune
lapse to lower the productivity. However, if the above method is used to manufacture
the anti-reflection film of the present invention, continuous film formation 1s
facilitated to unprove the productivity significantly because the nodules are generated
in significantly smaller amouats on the surface of the titaniwn target 33 than i the

case of the ITO layer.

EXAMPLES



10 10! 109%& ()-! ° 109%& ()-° 10%& ()-! s@ 109%66& ()-Y s@ 109& ()-Y
1LBLELLLM MUEM?1 10 109 10%&' ()-L 109%&' ()- 10%&' ()- @ 10%&' ()- Y10%& () -
F10%&' ()-i MVbOO PbPPdEMP1 10 108#10%& ()-!10%& ()-- %:90«&' )-9210%& ()- Y@
109%&' () - MLS109%&’ () - PQeQQQ=RqRIEMP1 10 10sLO109%& () - s3° September 2002

109&' ()-& z109%&' ()-*&10%&' ()-' @ 109%&' ()-% 10%&' ()- qQRRRRRRR STh@ 10 ! s@
109 ()-s@ 10%& () - YLO%& () - F10%& ()-,10 10 10f 210%& () - THUVWWYWYXYyYY}r g\ =
10Y10%& ()- 10 10

For confinming the effect of the present invention, the following experiment was
conducted.

First, a reflectance curve was prepared by simulation for a case in which, in the
anti-reflection film shown in Fig.2, the adhesive layer 4 is a thin film 5 nm in
thickness, formed of a compound represented by the chemical formula SiO,, where x
<2, the first optical thin film 5 is a thin film 13.6 nm in thickness, formed of titanium
nitride, and the second optical thin film 6 is a thin film of Si0,, 88 nm in thickness,
these having the refractive indices and the extinction coefficient as shown in Table 1.
The refractive \ix{dex of the thin-film substrate 1 of the resinrsubstrate 3 was setto 1.43,
while that of the hard coating layer 2 is set to 1.49. The results are shown 1n Fig.5, in

which the abscissa and the ordinate denote the wavelength and the reflectance,

respectively.
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and its reflectance curve measured. The results are shown in Fig.6, in which the
abscissa and the ordinate denote the wavelength and the reflectance, respectively.

As may be seen from comparison of Figs.5 and 6, the results of the simulation
coincide with the measured results satisfactorily. It is thus apparent that, with the anti-
reflection film of the present invention, the reflectance characteristics can be derived
from simulation.

Thus, an anti-reflection film was prepared, as the filin forming conditions for
the first optica'l thin film 5, in which the adhesive lay;r 4 1s represented by the
chemical formula of SiO,, where x < 2, and has a film thickness of 5 i, the first
optical thin filin 5 is a thin film formed of titanium nitride, and those for the second
optical thin film 6 is a thin film of Si0,, having the film thickness of 88 nin, were
slightly changed, and the anti-reflection characteristics were also tuned. The
reflectance curve of the prepared anti-reflection film was measured. The results are
shown in Fig.7, in which the abscissa and the ordinate denote the wavelength and the
reflectance, respectively.

It 1s seen from the results of Fig.7 that, by adjusting the characteristics of the
first optical thin film 5, low transmittance can be realized over a wide wavelength
range, that is, optimum reflectance charactenistics can be realized over a wide
wavelengthrange It may be contemplated that, if the characteristics of the other layers

are adjusted, low transmittance can be achieved aver the wide wavelength range, that
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is, optiinum reflectance characteristics can be realized over a wide wavelength range.

It has now been seen that, by optimizing the film thicknesses, refractive indices
or extinction coefficients of the respective layers, according to the present invention,
an anti-reflection film can be obtained which is low in transmittance, that is excellent
in reflection characteristics, over a wide wavelength range.

It is noted that the sheet resistivity of the present anti-reflection film is of the

order of 400 to 2000 Qcm.
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WHAT IS CLAIMED IS :
l. An anti-reflection film wherein an adhesive layer is formed on a major surface of

resin substrate;

a first optical thin film containing one or more of titanium nitride, hafnium nitride or
zirconium nitride is formed on said adhesive layer;

a second optical thin film having a refractive index of 1.35 to 1.7 is formed on said
first optical thin film; and wherein

said adhesive layer is represented by the chemical formula of SiN,, where x <4/3, or

by the formula of SiON,, where x <2 and y <4/3.

2. An anti-reﬂt;ction film wherein an adhesive layer is fom;:d on a major surface of
resin substrate; .

a first optical thin film containing one or more of titanium nitride, hafnium nitride or
zirconium nitride is formed on said adhesive layer;

a second optical thin film having a refractive index of 1.35 to 1.7 is formed on said
first optical thin film; and wherein
said first optical thin film mainly contains titanium nitride and wherein metal is doped in

titanium nitride.

3. An anti-reflection film wherein an adhesive layer is formed on a major surface of
resin substrate;

a first optical thin film containing one or more of titanium nitride, hafnium nitride or
zirconium nitride is formed on said adhesive layer;

a second optical thin film having a refractive index of 1.35 to 1.7 is formed on said
first optical thin film; and wherein

said second optical thin film is formed of MgF; or Al,0O3

4. An anti-reflection film according to claim 2 or 3, wherein said adhesive layer is
represented by the chemical formula of SiN,, where x <4/3, or by the formula of SiONy,
where x <2 and y <4/3.
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8. The anti-reflection film according to claim 7 or any one of claims 4 to 6 when

dependent on claim 2, wherein said metal is tungsten.

9. The anti-reflection film according to claim 7 or any one of claims 4 to 6 when

dependent on claim 2, wherein said metal is gold.

10. The anti-reflection film according to claim 1 or any one of claims 4 to 9 when

dependent on claim 1 or 2, wherein said second optical thin film is formed of MgF; or Al;O;

Il. The anti-reflection film according to claim 1 or 2, or any of claims 4 to 9 when

dependent on claim 1 or 2, wherein said second optical thin film is formed of SiO,.

12. The anti-reflection according to claim 11 where the physical layer thickness of the

second optical thin film formed of SiO, is 60 to 110 nm.

13. The anti-reflection film according to any of the preceding claims, wherein said

adhesive layer has a physical layer thickness not larger than 10 nm.

14.  The anti-reflection film according to claim 13 wherein said adhesive layer has a

physical layer thickness of 1 to 7 nm.
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optical thin film has a physical layer thickness of 5 to 25 nm.

16. The anti-reflection film according to any one of the preceding claims, wherein said
first optical thin film mainly contains titanium nitride and wherein said first optical thin film
is electrically conductive.

'\
17.  The anti-reflection film according to any one of the preceding claims, wherein a hard
coating layer is formed on the surface of the resin substrate facing the adhesive layer and

wherein an adhesive layer is formed on said hard coating layer.

18. A cathode -ray tube wherein, on a face plate surface side of a display portion,

an anti-reflection film comprised of an adhesive layer formed on a major surface of a
resin substrate, a first optical thin film containing at least one or more of titanium nitride,
hafnium nitride and zirconium nitride, said first optical thin film being formed on said
adhesive layer and a second optical thin film with a refractive index of 1.35 to 1.7 formed on
said first optical thin film,

said anti-reflection film being arranged facing said resin substrate.

19. The cathode ray tube according to claim 16 wherein said first optical thin film mainly
contains titanium nitride, said first optical thin film being electrically conductive and

grounded.

20. A cathode ray tube comprising a display portion having an anti-reflection film

according to any one of claims 1 to 17 on a face plate surface side thereof.



