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AND PROCESS FOR | TS PRODUCTI ON The present invention relates ?ﬂk)
organi ¢ substrate’ provided with a |'i ght absorptive antlreflectlon f?
“and 5 a process for its production. - In recent years, alongRWnps
rapi d expansi on of conputers, it has been desired to reduce reflectgp
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ORGANIC SUBSTRATE PROVIDED WITH A LIGHT ABSORPTIVE

ANTIREFLECTION FILM AND PROCESS FOR ITS PRODUCTION

The present invention relates to an organic substrate
provided with a light absorptive antireflection film and
'5 a process for its production. |
In recenf years, along with rapid expansibn of
computers, it haé been desired to reduce reflection_on a
display surface or to preQent electrification of the |
surface of CRT (cathode ray tubesj in order to improve
10 the working énvironment of the terminal operators.
Further, recently, it has been demanded to reduce the
transmittance of the panel glass in order to'improve the
contrast, or to shield électromagnetic waves of extremely
low frequencies which may adVerseiy affect human bodies.
15 To respond to such demands, methods have been adopted
such that (1) an electroconductive antireflection film is
provided on the panel surface, (2) an electroconduétive
antireflection f£ilm is formed on the surface-of a face
pl;te, and the face plate is then bondea to a'panel

20 surface by a resin, and'(3) a filter glass having an
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15 ° To respond to such .demands, nethods have been adopt ed such
that (1) an el ectroconductive antlreflectlon filmis provi ded on the
panel surface, (2) an electroconductive - ‘antireflection filmis formed
on the surface of a face plate, and the face plate is then bhonded to a
panel 20 surface by a resin, and (3) a<i3ter glass having an .

-2- el ectroconductive antireflection filmforned on each side

di sposed in fr0Q&&%?:g)%c%i%ﬂ%qqJea%nttlﬂ%flect n £14H0 88 HAAhA Babhe sgti%,%ren

of met hods (2) an OMTON Lo F0r Mt he &N I on

inaplurality of g;SpBer St -BatacuY WS 0y ehbal

specific exanple 0 n1construct|on may be a glass/hlgh

refractive index fi IpmdngV ehitinl,aGlH the e of metHod@shi(2) held 33 dVQ.t' ridsex

film high refractive index conductive filmlow refractive index fil
structure, as ¢OmménstboFedn théPantlPeEiet®ion Bilaodhi agpaum‘ulmrth:awr

antireflection filmhaving such a filmconstruction on a panel
surfaCe,trm5V|iabbcsrbyiacwanuamoﬁepb81$dbhamethaﬂ.
A specrflc .example of such a film construction may be
a glass/high refractive index film/low refractive index
film/high refractive index film/high refractive index
conductive fllm/low refractive index fllm structure, as
10 disclosed in JP-A-60-168102. By coating a multilayer
antzreflectlon film hav1ng such a film construction on a
panel surface, the visible reflectance of the surface can
‘be reduced to 0.3% or less, and'the surface resistance
can be reduced to 1 kQ/[0 or less. Further, the above-
15 mentioned electromagnetic wave~-shielding effect can
thereby be imperted.
Further, as a method of.increasing-the contrast, it
‘has been known that it is effective to use a light
absorbing film as a part’of its construction. For
éo example, it is possible to adopt a structure of
glass/metal film/high refractive index film/low
refractive index film, as disclosed in JP-A-1-70701. By
coatlng a multilayer light absorptive antireflection film
of this construction on a panel surface, the v151ble
25 reflectance of the surface can be reduced to 0.5% or
less, and the surface.resistauce can be reduced to 100

kQ/C] or less. Further, at the same time, the visible



be reduced to 0.3%or |less, and the surface resistance can be reduced
to 1 k[err]/[err] or less. Further, the above- 15 nentioned

el ectromagneti ¢ wave-shi el ding effect can " thereby be inparted.
Further, as a nmethod of increasing the contrast, it has been known
that it is effective to use a |light ' absopbing filmas a part of its
construction. For exanple, it is possible to adopt a structure of

gl ass/ net al f!Ir%{55¥3£g%é%ﬁitg?hégdgé%gg%n}é&w&edl?¥r§ff@&tt |Qdex film

~as disclosed in ng a nu | 'ayer I|g “absorptive

antlreflectlon f*%ct%ﬁ%e g% %ﬁl§°ﬁ€€§§£uggﬁo%%qgt@apﬁggl surface, the

vi si ble r ef ace can reduced to 0.5% or

l ess, and the surf acgneeeas) ameen6an( by 1a6Y68€ Q) 180case whkéeeih/aerr] or
| ess. Further, at the sane tine, the visible

- 3- i ght tpaneln 1§ awet@@nfbﬁstedamdtlbgnafémedemt%a cathobderedy a
~high contrast can be attained. ' Wereas, nethod (1) include (a) a
case wherei nsa tube, and (b) a case wherein a cathode ray tube is first

' formed and then surface cdating is applied thereto. 1In
either case, a so—-called wet process such as spin coating
is relied upon presently. | | |

On the other hand, instead of ebplying an

10 antireflection coating on the glass surface as mentioned
above, a method is conceivable wherein an antireflection
coating is preliminarily formed on an organic £ilm of _
e.g. polyethylene terephthalate (PET) and then bonded to
a glass surface. |

15 . Otherwise, in the case of methods (2) and (3),
instead of the glass sheet, en organic sﬁbstrate (a so-
called plastic sheet) may be used, which is preferred
from the viewpoint of e.g. safety.

In such a case, a'wet mefhod wherein the substrate is

20 . requiréd to have heat resistance, can not be applied, and

_the antireflection film is formed by a vapor depesition
method or a sputtering method with a due care to avoid a
temperature rise of the.substrate.

.Coating on an organic f£ilm is carried out by a so-

25 called roll coater. In order to maintain the
transportihg speed of the film to be constant, stability

of the film-forming speed is requifed.



panel is coated first, and then forned into a cathode ray 5 tube, and (b)
a case wherein a cathode ray tube is first formed and then surface
.coating is applied thereto. In ei ther case, a so-called wet process
such as spin coating is relied upon presently. - On the ot her
hand, instead of applying an 10 . antireflegtion coating on the gl ass
surface as nentioned above, a nethod is concei vabl e wherein an

Z‘.”;; Bl yet hyl ene t FEbHAR Fa PR ThE e PR oG 8" O
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safety. I'n such a case, a wet nethod wherein the substrate is 20

required to havedw@it i£6] StBGhis aredipdcthe BPMd gsbolhatic td@employ
antireflection filmis forned by a vapor deposition nmet hod or a -

sputtering ngt hed wapdr adepiss Cpion tmethed d a tenmperature rise of the
substrat e. Coating on an organic filmis carried out by a so- 25
called roll coater. Om theleother npamd aiby tdesputtering method, it has
been difficult to form a low refractive index £ilm
constantly.at a high speed. _ |

~ Under chese circumstances, various attempfs have

10 recenﬁly been made to dévelop a method for forming Sio#'
stably at a high speed by sputtering. As a result,
several methods are now being practically develbped. For
example, MMRS (metal mode reactive sputtering) as
disclosed in U.S.. Patent 4,445,997 and C-Mag (cylindrical

15 magnetron) as disclosed in.U.S. patent 4,851,095 may be
mentioned. _ '

'As a result, an antireflection film by sputtering is
about to be realized. BHowever, with respect to the
construction of the antireflection film,.the construction

20 of a film which has heretofore beenlfdrmed by vacuum
vapor deposition is followed in many cases, and no film
construction particularly effective by sputtering has
been known. | |

As a rare exam?le, u.sS. Patént 5,091,244-di$closes a

25 four layer'construction of glass/transition metal

nitride/transparent film/transition metal

nitride/transparent f£ilm. However, in this U.S. Patent



transporting speed of the filmto be constant, stability: of the
filmformng speed is required.. ' - ' -4-
Further, an in-1i'ne type filmformng apparatus is enpl oyed for
coating on a substrate of sheet form and - here, stability of the
filmformng speed is again essentiak.5In this respect, it is

probl ematic to enpl oy 5 a vapor deposition nethod. On the other

hand, by a SpUtt§r6?$%iﬁ%i“Eh otadASto reabiGetre (igbietpigpema | ow

refractive index fi constantly at a high speed. Under these

Ci rcumst ances, * V@A uihi B¢ 456t €o NSUE 001686 5NERY DEGHE B 191 SiP VEL P&r 2
met hod for formng Sigerr]. stably at a high speed by sputtering. As a

result, seviy adividdéddbn 6 ctwoVidpery ©6 andke athe mamseopsfl. 1dpers
exanpl e, MVRS (netal node reactive sputtering) as disclosed in U S.
Pat ent 4, 445, 997atarnteds vbfprylayers £ athedéby ntelygene rivens baesenli & gbwesetth ¢anl
U S. patent 4,851,095 may be nment i oned.

5 problem that the production cost is high.

Further, the presént inﬁentors have previously
proposed in International Publication W096/18917-a'light'
absorptive antireflection film having a simple layer
.structure of light absorptive film/low refractive index

10 £ilm, which has high'productivity, is excellent in the
antireflection performance and has é low surface
resistance suitable for electromagnetic wave shielding
and which has a proper light absorptivity to secure a
high contrast. However, when a light absorptivé

15 antireflection film composed of such an inorganic
material, is formed on an inorganic substrate, the
adhesion at the interface between the substrate and the
light absorbing £ilm has not necesséfily been adequate.
Further, color shaaing has resulted due to the use of the

20 organic substrate.

It is an object of the present invention to provide
an inexpensive organic substrate provided with a light
absorptive antireflectibn film which is excellent in
durability and has a proper visible ray abéorptivity, and

25 a process for its producﬁion.

Another object of the present invention is to provide

an inexpensive organic substrate provided'with'a light



As a result, an antireflection filmby sputtering is about to be
real i zed. However, with respect to the - construction of the '
antireflection film the construction 20 -of a filmwhich has heretofore
been fornmed by vacuum vapor deposition is followed in nmany cases, and
no film construction particularly effeet+ve by sputtering has

been known. As a rare exanple, U S. Patent 5,091, 244 di scl oses a

25 four layer %&{ﬁ%&?%ﬂl%f‘f&éé gtf‘sfﬂrl?rl}ﬁ{ﬁxl?%eciolor shading

nitride/transpar ransitron me transparentfilm

Hovever, in thi s dhieddfhaving a proper visible ray absorptivity; %and
5,091, 244, in order to reduce theg vél1 sll)b % I i ght t% ansm tl% ance ¥'o 50%

or |ess, the|iggﬂpfﬁgégéﬂfﬁk|fﬁ§ﬂproducﬁfbﬁjVided into two | ayers to nake
t he nunber of |ayers at | east four |ayers, whereby there has been a

practi cal 5 probl erhé hpt eséwt pinviention postides agwhorganic substrater,
the present inventors have previously © proposed in International
Publ i cati on ¥9@mrideilded witghta light absorptive antireflection film‘

' (hereinafter sometimes referred to as the light
absorptive antireflector), which comprises an organic
substrate, and a light absorbing film and a low
refractive index film formed in this order on the

10 substrate, to reduce reflection of incident light from
the low refractive index film side, wherein the organic
substrate has its surface plasma-treated, and a layer
(hereinaftér refe:fed to as an adhesion layer) made
essentially of at least one member sélected frpm the

15 ¢group consisting of silicon, a silicon nitride, a silicon
oxide and a silicon oxy-nitride (oxide-nitride), is
formed between the ﬁiasma—tréated substraté'surface and
the light absorbing £ilm, and a process for its
production.

20 In the accompaﬁying drawings:

Figure 1 is a schematic cross-sectional view of an
embodiment of the present invention. |
.Figure 2 is a graph showing the change with time of
' the'voltage applied to a silicon target employed in

25 Exémple.l. | '

Figure 3 is a'graph showing the spectral reflectance

of Example 1.



absorptive antireflection filn1having_a sinmple | ayer structure of
| i ght absorptive filmlowr refractive index . 10 film which has high

productivity, is excellent in the antireflection performance and has a
"~ low surface resi stance suitable for electromagnetic wave shi el di ng
and which has a proper light absorptivity-te secure a hi gh contrast.

However, when a |ight absorptive 15 antireflection film conposed of such

dhesi on at the i nt ofFaREe A hek FRaRE sBPyLPE AR’ Epitbril iy eltance
absorbing film ) e§sarlly been adequat e. Further, color -
shadi ng has resu é%pdﬂgﬁ? the use of .the 20 organic substrate

It is an object of thgg g£65§“15'9V§ %ﬁ“sﬁ&w?ﬁ%%ﬂ@ spect 211 PEKDESEANEe
organi c substrate provided wth sorptive antireflection f|Im

which is excel | st EXample ﬁyrablllty and has a proper visible ray
absorptivity, and 25 a process for its production. ' Anot her
obj ect of the preserflowpvenéi preséntoipvention W111ahe|@escehbe&elmrganlc
substrate provided with a |ight

detail with reference to the preferred embodiments.

The geometrical film thickness of the light absorbing
film is preferably from 2 to 20 nm in order to realize
low reflection. Further, the low refractive index film

10 preferably has a refractive.indéx of at most 1}55 and an
optical film thicknéss of from 60 to 110 nm, with a view
to preventing reflection. Particularly preferably, the
.refractive-index is at most 1.50, and the optical film
thickness is from 70 to 100 nm. For'e#ample, when a film

15 having a refractive index of 1.47 is used, the
geometrical £ilm thickness is preferably from 68 to 110
nm, more preferably, from 68 to 100 nm.

If the film thickness of either one of the layers
departs from the above specified range, no'adequate

20 antireflection performance in a visible light region'may
be obtained.  Further, if the refractive index of the low
refractive index film exéeeds 1.55, the range of the
optical constant required for the light absorbing film:
tends to be narrow, anq it.tends to be difficult to

25 realize a light absorbing. film with a practically
available material. .

Figure 1 is a schematic cross-sectional view of an



- 6- . absorptive antireflection filmhaving col or shadi ng reduced
and having a proper visible ray absorptivity, and a process for its
pt oducti on.. The present invention provides an organi c substrate

5 provided with a |ight absorptive antireflection film (hereinafter
sonetinmes referred to as the light | abgosrptive antireflector), which
conpri ses an organic substrate, and a |ight absorbing filmand a | ow

refractive index_ fil f iR 1 hj er, 10 ;.8 ratq, to reduce
reflection of i %&qb(?é%'{ﬁ tgfﬂ% ftrrhoemlarses(g#héqu;()évr\}t‘{l%fnr'actﬁnvgqgr‘ilc’f%x il m si de,
wher ei n 't he 'or ggnig : t 9 a3 il faC ' < rgﬁ&% - and a

| ayer ' (herg.i%na tegrcere er?e’? ?g]g?détﬁ%zﬁh%gﬁ‘o%rggégg&n% e q.'e'

essentially of @iynesadl 19Ne HRIFP ot AdyRE ,f MAmdraa 135 anda@WesadRsi sting

of silicon, a silicon nitride, a silicon oxide and a silicon
oxy-nitride (oxil@sed,! Nudrall 13 a 1ilghitgbserbiern file, P ndseEsallr aaf et
substrate surface and the light absorbing film and a process for its
production. 520 antjioxidatiomdayErsnundy mmesralgd5 a low refractive .
‘ index fiim. | |
The light absorptibn of the light absorptive
antireflection film is preferably from 10 to 35%. If the
light absorption is outside this range, the film

10 thickness range of the light absorbing film tends to be
improper, or the optical constant of the light absorbing
film tends to be improper, whereby no adequate
antireflection performaﬁce in the visible light region
tends to be obtained.

.15 The reflectance'of.incident light from the low
refractive index film side is prefétably at most 0.6% in
a wavelength range of ffom 430 to 650 nm. The visual
reflectance (R,) of the light absorptive antireflector is
preferably at most-0.6§.-

20 The low refractive index film is preferably a f£ilm
consisting essentially of a silicon oxide. It is:thereby
possible to obtain a sufficiently low refractive index,
and to carry out film forming by a sputtering method
under a stabilized condition.

25 As the film consisting essentially of a silicon (Si)
oxide, it is most preferied from the viewpoint of the

 productivity to employ one obtained by direct current



Figure 1 is a schematic cross-sectional view of an enbodi nent of the

present invention. Figure 2 is a graph showi ng the change with

ti me of t he voltage applied to a.silicon target enpl oyed in 25
Exanpl e 1. Figure 3 |s a graph showi ng the spectral refl ectance
of Exanple 1. : 9 - -7- -Figure 4
Is a graph show ng the spectral reflectance - of Exanple 8.
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t hi ckness of the |1 ght sor n1|s preterably fro
order to realizgguch akOW,' afd @&t 'Bqnma'_%,urlm%ublaamg%eefm@qw\éa kpdaet

film 10 preferably has a refractive rndex of at nost 55 and an
optical filmthipeneagget have et rbtondiictWnilkyad vnaWever, in order
5 to maintain a low refracﬁive-index, the main component
should be SiO, (siliéa).' .
In the DC sputtering of Si, arching'is likely to be
induced by charée accumulation on an insulating silica
. £film deposited along the.periphery éf the erpded region
10 of the-tafget, whe;eby diSChérgeitends to be unstable,
and silica particles ejected from the arc spot are likely
to deposit on the éubstrate to form defects. Tb prevent
such phenomena, it_is common to employ a method of
neutralizing the cha:ge by periodically bringing the
15 cathode to a positive voltage. Such a film—-forming
method is particularly preferred from the viewpoint of
the stability of the process. Fﬁrther, as a method for
forﬁing a silica film, RF (radio frequency) sputtering
may also be used. By using RF sputtering, a pure silica
20 £ilm may be formed.

In the present invention, it is preferred to satisfy
each of the following formulae, when thé complex optical
constant of the light absorbing film is represented by-n—
ik (wherein n is the refractive index, and k is the

25 exfinction coefficient), the geometrical film thickhess
is represented by d, k at a wavelength of 400 nm is

represented by k,,,, k at a wavelength of 700 nm is



to preventing reflection. Partlcularly pref-erably, the- refractive
index is at most 1.50, and the optical film  thickness is from70 to
100 nm For exanple, when a film 15 having a refractive index of 1.47 is
used, the geonetrical filmthickness is preferably from68 to 110

nm nore preferably, from68 to 100 nm - 39 - If the filmthickness of
ei ther one of the Iayers departs fromthe above specified range no

d fl fo
e abt ai ned.  FukSRAESanEad B Koae: T Bt RdedvEr SpRER, af 2o A P.CTY e
i ndex film exceg:q%r bed ‘,Té(*%yr qp%e of, Lpe, avei’Bfl gﬁl ofo‘%? ten gCIw red

for the light - a 0f ends to e narr and 1 S to be
difficult to 2 ght abgor bizn ! ractical

avai |l abl e nater ?:aeﬂr%ﬂérﬁ?ed?‘ HY i JPe %“f% al éﬂ@rrat | ?:ooc)?ozgsq‘cﬁﬁt i oknaf“q“ ew
of an - | rene of the

te = N Ka::O= £
pr esent inventior?.oo?n Fi gﬁ’rfe 1, 400 r qoe'rer‘iléé nun%?oal ﬁggndi cates an
organi c subsgratrafractive index of the low refractive index £ilm is

represented by n,, the geometrical film thickness is
represented'by d,, and function £ (hz) = l.6n, - 2.2. By
such a design, the Wévelengthlrange_for low reflection
can be broadened. |
10 - . Ngge > 0.5
kgig > 0.5

£(n,) - 0.2 <n d/d, < £(n,) + 0.2

ave ave
A pfeferred light'abso:bing film which satisfies the
above formulae, is, for example, 1) a f£ilm containing
15 gold and/or copper, or 2) a film eonsisting essenpially
of a nitride_of at least one metal selected from the
. group consisting of titanium, zirconium and hafnium.
Specifically, 1) the film containing gold and/or
copper may, for example, be a gold film, an alloy film
20 containing at least 50 wts of goid, a nitride film of
such an alloy, an oxy—nitride film of such an alloy, a
carbide film of such an alloy, or a carbonitride film of
such an alloy. |
Here, when gold or an alloy containing at.least 50
25 wt$ of gold (hereinafter referred to as a gold alloy) is
used, .the geometrical film thickness is preferably from 2

to S nm, more preferably from 2.5 to 3.5 nm.



nuneral 11 a hard coat |ayer, nuneral 12 an adhesi on. | ayer, nuneral
a light absorbing film nuneral 14 an 5 antioxidation |ayer, and nunera
15 a low refractive i ndex film . The |ight absorption of the

| i ght absorptive

t he | i ght absorption is outside this nange, the film 10 thickness
~range of the light absorbing filmtends to be i nproper, or the optic

constant of the Ii g§$ ﬁ%gﬁé%tf%ir%‘{iéﬂ&‘-eﬁfcl&&eé)%lj'_eérﬁ%ﬁ%rt%%%\??nem'.n

adequat e
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| ow refractive I ndex

msSidae 1s.prerer y at no

wavel ength range - &f; dd X8 A3 & SR onl iy I/ Broadend® | i aHeE other
(R[err]) of the.light absorptive antireflector iIs preferably at nost

0.6% 20

Hihd OVLF &f ¢ aiceeds Blaimf idHe ivawsdmja|deqidn |f6r low

consisting essentially of a silicon oxide. It is thereby possi ble t
obtain a suf§i cimgfilect on riednidetto e Nikkxgow, andndHe refilectaticd idends
form ng by a sputtering nethod under a stabilized condition.

10

15

20

25

to be high. From such a nature, when the film thickness
of gold or a gold alloy'is made td be from 2 to 5 nm,
more preferably from 2.5 to 3.5 nﬁ, the refleéténce of
the 1igﬁt absorptive antireflector becomes low, and the
wavelength range for low ref;ecﬁion will be broadened.
Further, when a nitride of a gold alloy is used as

the light absorbing f£ilm, it is necessary to increase the

. £ilm thickness as the nitriding degree of the gold alloy

increases, in order to lower the reflectance of the light

absorptive antireflector and to broéden the wavelength

. range for low reflection. However, when the film

thickness exceeds 8 nm, the reflectance tends to.be high,
and the wavelength range for low reflection tends to be
narrow. Accordingly, the film thickness is prefetably
from 2 to 8 nm. A similar phenomenon is 6bserved_also 
when an 6xy-nitride,"a carbide or a carbonitride of a
gold alloy is employed. |

When a gold film is employed, gold scarcely forms a
compound. Accordingly, an oxidizing gas or a nitriding
gas may, for example, be used as a éputtering gas for the
formation of a gold film even when thé light absorptive

antireflector is produced by a reactive sputtéring

13
I

antireflection filmis preferably from10 to 35% If
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25 ~ As the filmconsisting essentially of a silicon (Si) oxide, it

is nost preferred fromthe viewoint of the productivity to enpl oy one
obt ai ned by direct current _ - - 9-

(DC) sputtering of a conductive Si target in t he presence - of an
oxygen gas. Here, a small amount of an inrpuy ty (such as P, Alerr] of
B) may intentionally be included to | et the target have

e hvr%%%%mﬁ’&iné A s ety
DC

;cgumjl Z?Pg;egln arfél nsu*gd | ng és‘t?ﬁééléé kﬁké]’flt#n%%loosﬂl tfe aI ong CMIQ@&

peri phery of theerogede d{ﬁgl%m tﬁﬁ@rt Q%ln é—:‘é]{)e/ %e spo t ends

to be unstabl e, l'1ca partlc es eJected TTom are

l'i kely to Wiﬁe@rﬁéf\etﬁélbﬁiﬁs"é@éxﬂt fEsrmatei e tSE QLW eveftactive
such phenonena, it is comon to enploy a method of neutralizing the

charge by pesi odimddst yEixm rg trtgou th echdirhy i ot sl es et e minsg tgaee, Vvﬂiérag&y
Such a filmformng
the production cost can be reduced. Further, the
absorption of the antireflection £ilm employing gold or a
gold alloy is about 10%, whereby an antireflector having
high transmittance can be.obtained despite a simple 1ayer

10 structure of low productioh cost. :

Further, by using a nitfide, an oxy-nitride, a
carbide or'a.ca:bonitride of a gold alloy, the absorption
of the antireflectioh £ilm can easily be édjusted.
Namely, by increéSing the degree of nitriding,

15 oxynitriding, carbonization, of carbonitriding of the
gold alloy, the absorption of the resulting
antireflection f£ilm can be.increased.' Accordingly, by
controlling the deéree'of'nitriding, oxynitriding,
carbonization, or carbonitriding, it is poésible to

20 adjust the absorption of thé resulting antiréflection
film to a desired level.

- Further, a specific example of 1) the film coﬁtaining
gold and/or copper may be a copper f£ilm, a copper nitride
film, a copper oxy-nitride film, a copper carbide film, a

25 copper carbonitride film, an alloy film containing at
least 50 wtg of copper, a nitride film of such an alloy,

‘an oxy-nitride f£ilm of such an alloy, a carbide film of



method.is particularly preferred fromthe vi ewpoi nt of the stability
of the process. Further, as a nethod for formng a silicafilm RF
(radi o frequency) sputtering - may al so be used. By using RF sputtering,
a pure silica 20 filmmy be fornmed. . In the present invention,

it is preferred to satisfy each of tha3fellow ng fornulae, when the
conpl ex optical constant of the |ight absorbing filmis represented by

- ik (wherg ' t ] : i St t4 et i
.Qoef fici Ient § ?Lsglég}‘eorhr#e_tsarﬁcb;’r ?gﬁr ?né:t%allzg‘?(dnrgs{gﬁdérﬂll? Irozfprgelfsacehn%%i%k& Logt
a vavel ength' of die fiilidrly préRBFREEth Wodde¥ sidk G¥ o WEARL PR Of

700 nmis - repr eésent ed by
k[err], n at a velaidy Gt AURSNSE wty of dupseanted by n[err], n at a

wavel ength of 700 nmis represented by n7[err], nave = (n[err] +
nferr])/2, klerr] = Héi@frghen coppét &o¥ |ad 2alIdPredntaining lat T3¢ ]50
k[err] = k[err] - k[err], the 5 refractive index of the lowrefractive

index filmigs wty of copper (hereinafter referred to as a copper alloy)
| is used, the geometrical film thickness is preferably
from 2 to 5 nm, more preferably from 2.5 to 3.5 nm.
If the geometrical f£ilm thickness ié less than 2 nm,
the reflectance tends to be high, élthough the wavelength'
10 'range for low ;eflection may be broadened. On-the other
hand, if it exceeds 5 nm, the wavelength range for low
- reflection tends to be narrow, and the reflectance tends
to be high. From this nature, when the film thickness of
copper or a copper alloy is made to be from 2 to 5 nm,
15 preferably from 2.5 to 3.5 nm, the reflectanée of the
| light absorptive éntireflector will be low, and the
wavelength range for low reflection will be broadened.
Further, when a copper'nitride or a nitride of a
copper alloy is employed as the light absorbing film, it
20 is necessary.to increése the film thickness as the
nitriding degree of copper or a copper alloy increases,
in order to lower the feflectance of the light absorptive
lantireflector and to broaden the wavelength range for low
reflection. However, if the film thickness exceeds 8 nm,
25 the réflectance'tends-to'ﬁe high, and the wavelength |
' range for low reflection tends to be_nafrow.

Accordingly, the film thickness is preferably from 2 to 8



represented by n2, the geonetrical filmthickness is represented by
d2, "and function f (n2) = 1.6n2 - 2.2. . By such a design, the

wavel ength range for lowreflection = - can be broadened. 10 nferr]
> 0.5 - kdif > 0. 5 f(n[err]) - 0.2 < n[err]k[err] d/d2 <
f(n[err]) + 0.2 A preferred |ighttdabsorbing fil mwhich satisfies
t he above fornulae Is, for example, 1) a filn1containing 15 gold

and/ or copper, ec e&!élrﬂﬁorﬁ{é{dd&&?%@td@é% a whé(ﬁ %? |de of at

| east one netal rom t gr oup consi |ng

zi rconi um and hq'fﬂ'.'fi'ae, a carbid FB?I.CIJ 'é‘aeﬂﬂ dlé':)lcié"%fl 'édﬁﬁél:mc?ﬂ rH ”9 90' d

and/ or copper may, for exanple, be a gol all"oy film

containing at | easppexd an1% flgygmbldyéatlw de filmof such an aIon,
an oxy-nitride f|In1of such an alloy, a carbide filmof such an all oy,

or a carbonitride figugtHer, theéubsctptidmwyof the antirtéfkectiwn flm or
an alloy containing at least 50 25 w% of gold (hereinafter referred to as

a gold alloyy i employirseddpperyeame reappey id Yhdyhiick st SLQy efwirexte@ly
from 2 to 5 nm nore preferably from2.5 to 3.5 nm
an antireflector having a high transmittance can be
obtained despite a simple layer structure of low
productlon cost.
Further, by using a nitride, an oxy-nltrlde, a

10 carbide or a carbonitride of copper (or a copper alloy).,
the absorption of.the antireflection film can easily be
adjusted. Namély, by increasing the degree of nitriding,
oxynitriding, carbonization, or carbonitriding of copper
or a copper alloy, the absorption of the resulting

15 antireflection f£ilm can be increased. Accordingly, by
controlling the degree of nitriding,'bxynitriding,
carbonization, or carbonitriding, it is possible to
adjust.the absorption of the resulting antireflection
film to a desired level..

20 A specific example of 2) the film consisting
essentially of a nitride of at least one metal selected
from the group consisting of titanium, zirconium and
hafnium, may be a titanium nitride.filﬁ, a zirconium
nitride f£film or a hafnium nitride film.

25 When such a material is used, Ehe geometrical f£ilm
thickness is preferabiy from 5 to 20 nm., If it is less

than 5 nm, the reflectance tends to be high, although the



If the geonetrical filmthickness is | ess than 2 nm the refl ectance

tends to be high, although the wavel ength . region for low refleéection
may be broadened. On the other hand, if it exceeds 5 nm the

wavel ength region for low- 5 reflection tends to be narrow, and, the
refl ectance tends to be high. Fromsupd & nature, when the film

t hi ckness of gold or a gold alloy is made to be from2 to 5 nm

ferably f | . f i gyt
Absorptive ant] rERPELBAthorangs Fo, LamareResoiisn fou a HORaRBEYt or OPow
reflection wiil pRebpeadentdng, if it ekUELHE' 20"HAN Endl bhbdfeRbeR I8hde
alloy is used as e Ttghf absorbrng fiTm it [s nécessary to incréase

t he filmthegkngss 2ackBecibhdhag d60ecnafrbps gRadepe! oy

increases, in order to |ower the reflectance of t 15 absorptive
antireflector angefPebtandentbhasWeyehenaigh. A paptechParigvorefbeebion.

However, when the film t hi ckness exceeds 8 nm the reflectance tends
to be high, 5 randetbe fogal gngbhldange for low reflection tends to be

A titanium nitride £ilm has a proper optical constant
in a visible light region and well matches when a silica
film is used as the low refractive index film. With a
film thickness of about 10 nm, a lo; reflectance and a

10 proper light-absorption can‘be obtained. Further, it is
preferred also from the viewpoint of durability or the
cost of material.

As thé titanium nitride filﬁ, it islpreferred from
the viewpoint of the'productivity to employ one prepared

15 by DC sputtering of a metal titanium target in the
presence of nitrogen;gas.

Here, in order to bring the optical constant of the
titanium nifride f£ilm within a preferred range, it is
preferred that the sputtering gas contains nitrogen and a

20 rare gas as the main components, wherein the proportion
of nitrogen is from 3 to 50 vols, especially from 5 to 20
vols. If the proportion of nitrogen is less than this
range, the 1ight absorbing film tends to contain e#cesé
titanium, whereby the low reflection wavelength range

25 tends to be narrow. On the other hand, if the proportion
of nitrogen is largéf thah the above range, the light

absorbing film tends to contain excess nitrogen, whereby



narrow. Accordingly, the filmthickness is preferably 20 from2 to 8 nm
A sim | ar phenonenon is observed al so “when an oxy-nitride, a carbide
or a carbonitride of a gold alloy is enployed. When a gold
filmis enployed, gold scarcely forms a . conpound. Accordingly, an
oxidizing gas or a nitriding 25 gas may lfgor~ exanple, be used as a
sputtering gas for the formation of a gold filmeven when the |ight

p | for the rmat i | !
P12 P ot A LR st Sl S Ot R (s TV o e cow,
| ayer Iight abso&&;e&%’%ﬁ%{ﬂi@fé W Tehd £80h Ded s ’F‘c?'.be'(}ﬁf%t?, %}geréby

filmformng cham ng a sputtering gas require _ .
subsequent for MHOs P fdcd Wed Bt fifdd eend® tddsx fddgB W thout changing
the sputtering gas, whereby t he production cost can be reduced.
Further, the abpies péledt Pic tbowentappiiedttonthe | rasget oysng gold or a
gold alloy is about 10% whereby an antireflector having high

transmittancg copreéiemiily retd algqwer ders ity oof aterleast 1 W/em?, for
| the purpose of maintaining the film forming speed at a
level sufficiently quick for industrial production and
maintaining the amount of impurities Eaken into the film
during the film formation at a low level. This is
10 effective for controlling the amount of oxygen to be
taken into the film, as described hereinafter.
| Further, the eleqtric power applied to the target at
that time is preferably at a péwer density of at most 10
W/cm? in order to obtain a titanium nitride light
15 absorbing film having proper optical constants and to
avoid occurrence of abnormal discharge or melting of the
. cathode or the target by an excess application of the
electric power to the target. Namely, if an electric
power larger than this is applied, even in an atmosphere
20 of'pufe'nitrogen, the film will be titanium rich, whéreby
the deéirea'composition caﬁ hardly be obtéined; and the
target and its periphéral parts will be ﬁeated, whereby
arching or in some cases melting of the heated parts will
be likely to occﬁf.
25 The presence of a small amount of impurities in the
composition of the target or the sputtering gas creates

no problem so long as it is within a range where the thin



10 structure of low production cost. - - Further, by using a nitride,
an oxy-nitride, a carbide or a carbonitride of a gold alloy, the
absorption - of the antireflection filmcan easily be adjusted.

Nanely, by increasing the degree of nitriding, 15 oxynitriding,

car boni zation, or carbonitriding of the - 17 gold alloy, the absorption of
the resulting antireflection filmcan be increased. Accordingly, by

carboni tr1ding. TroboEpiady) oM R hbat Aty ongRReleAF, oM O

resulting antireSbectil of ¢iEAhIbhnPLHRR! Clpdebile . ine witadiipher, @

specific exanple 0 he frT m contal ni ng a copper nmay be a

copper film a | 44 f§ ; PHSE + itk T ' a
copper car bi de fcll9 m{da@ EZ%iﬂg%%%etr)ec%é%%%(?t%Pde f??ﬁ,”g% % qu?/{l:‘“lb Inam

containing at matéfpsl é@ny\&%pﬁg@@@@ﬁtiﬂﬂ}téfd@iéaﬁmxﬁ)fnm@ia@na@l | oy,
an oxy-nitride filmof such an alloy, a carbide film of
5 the target. :

On the other hand, it has been foundlthat by the
presence of oxygen, adhesion with the substrate or with
the silica film as the upper layer will be improved.
Accordingly, so long as the optical constanﬁs of the

10 titanium nitride film are maintained within a preferred
range, in some cases, the presence of oxygen in the
titanium nitride film is preferred.

In such a case, as a titanium nitride film, the
atomic ratio of oxygen to titanium in the film is

15 ©preferably at most 0.5 from the viewpoint of the optical
constant and the resistivity. If this ratio is larger
than 0.5, the product will be titanium oxy-nitride £ilm,
‘whereby the resistivity increases, and the optical
constant will be improper, and consequently both the

20 surface resistance and the antireflection effect will be
unsatisfactory. .

In a case where a titanium nitride film is formed by
a usuél sputtering method, it is unavoidable that oxygen
wili be contained in the f£ilm due to the residual gas

25 component in the vacuum_chamber. The influence of the
oxygen in the film over the optical characteristics of a

TiN film has not heretofore been well known. Especially,



- 13 - such an alloy, or a carbonitride filmof such an all oy.
Particularly preferred is a copper filmor an alloy film cont ai ni ng at
| east 50 wt % of copper. : Here, when copper or an alloy containing
at | east 50 5 wm % of copper (hereinafter referred to as a copper all oy)
I's used, the geonetrical filmthickness ksigreferably from2 to 5 nm
nore preferably from2.5 to 3.5 nm If the geonetrical film

t hi ckness is |l ess tk’rr‘%‘g’tr&n%a%ombereé‘né‘e&of%or ral%‘oluq:ct né?\fitlgln%q%ae;%n&% Q_'ih%h,

al t hough the wave) OW T € € broadened. On

the ot her Bkt odradde %%ecigﬁtn@bsﬁlgg%%w o ° Jladrft

reflection tend e narrow, an e.re ce‘ten e high
Fromthis naturgneaidgne fil mthickness of copper or a copper alloy
is made to be from2 to 5 nm 15 preferably from2.5 to 3.5 nm the

reflectance of the The prel¥ntbisfaritions didve ddmiiciedViddtdsivay, and the
wavel ength range for low reflection will be broadened. . Furt her,

when a coppes nisttudiesoiona thiet meda tdiona betweero e fdllno\fdrmiewpl oyed as
the light absorbing film it 20 1is necessary to increase the film
t hi ckness as t heonditieing ifdimg dddaadust nddpidie @ilm emdhdhealamppnt of
I ncr eases, in order to |ower the reflectance of the |ight absorptive
oxygen in the titanium nitride film and the relation with
the performance as a light absorbing layer in the present
invention, and as a result, have found that as the
10 titanium nitride film in the present invention, the
atomic ratio of oxygen to titanium in fhe film is
preferably at most 0.4 from the viewpoint of the 6ptica1
constant., If this ratio exceeds 0.4, the depehdency of
the optical constant of the titanium nitride film on the
15 wavelength will be shifted from a preferred range,
whereby the low reflection characteristics will
deteriorate. Further,ithe product will be an oxy-nitride
film, whereby the resistivity will increase, and the
surface resistance exceeds 1 kQ/00 which is required for
20 shielding electromagnetic waves, such being uhdesirable.'
The sﬁeet resistance (Rg) of the light absorptive
antireflector is preferably at'most 500 Q/0. .
In the present invention, the adhesion layer serves
as a layer for improving the adhesion. Specifically,_thé
25 adhesion layer may, for example, be a silicon film, a |

silicon nitride film, a silicon oxide film or a silicon

oxy-nitride f£ilm. It is particularly preferred to employ



antireflector and to broaden the wavel ength range for |ow reflection.
However, if the filmthickness exceeds 8 nm 25 the reflectance tends to

be hi gh, and.the wavel ength range for |low reflection tends to be

narr ow. Accordingly, the filmthickness is preferably from2 to 8

- 14 - - nm A sinmlar phenonenon is ebgerwed when an oxy- nitride,
a carbide or a carbonitride of copper or a copper alloy is enployed.

her, the ab | | 4.6f4 £CLd d 4 | QVi
@ copper al Toy 15 BhK AT GAHL{ALIF UL St dhon HAURAY UhpePRlly "

transmttance cap 58 icon %ﬁ%%%ﬁ@ﬁiéﬁx& EHP | SEfHEEH ﬁﬁ‘?‘&? ;ow

productipn cost. o , by using a nitride, an oxy-
10 carbide or gHArduHEdidnie PIcHHUEY AeédarkdPer Md Bilicon nitieide

absorption of the antireflection filmcan easily be adj usted. Nanely,
by increasing thE dewpe cntdin ickygen at a level of an impurity. When
5 a silicon oxide film is employed, the composition of this
film is preferably silicon rich as a light absorbing
film. It is particulariy preferred.that thé atomic ratio
of oxygen atoms ﬁo silicoh atoms is at most 1. With a
layer consisting essentially of an aluminum nitride, the
10 effect for improving the adhesion is inadequaté.
The geometrical film thickness of the adhesion layer
'is preferably from 0.5 to 10 nm. If it is iess than 0.5
nm, the effect for improviné the.adhesioh tends to be
smali, and if it exceeds 10 nm, the antireflection
15 performahce tends to deteriorate. It is_particularly
preferably from 1 to 8 nm. Further, when a layer capable
of absorbing visible light (such &s, a light absorptive
silicon, silicon nitride, silicon oxide or silicon oxy-
nitride layef) is used as the.adhesion layer, the
20 geometrical fiim thickness is preferably from 0.5 to 5
nm. |
In the present invehtion, it is preferred that an
antioxidizing layer made essentially of a silicon nitride
‘and/or an aluminum nitride ié formed in a geémetrical
25 £ilm thickness of ffom 0.5 to 20 nm befween the light
absprbing film and the low refractive iﬁdek film. If it

is less than 0.5 nm, the effect for preventing oxidation



oxyni triding, carbonization, or carbonitriding of copper or a copper
al l'oy, the absorption of the resulting 15 antireflection fil-mcan be

i hcreased. Accordingly, by ~controlling the degree of nitriding,
oxynitriding, carboni zation, or carbonitriding, it is possible to
adj ust the absorption of the resulting.antiggetl ection filmto a

desired | evel. A specific exanple of 2) the filmconsisting

20 :
tiall f i$ride,of .at t t Ct; f th
essent Yo" Rl R Bl S ' A A g T, 9P
pitride film agdiGUiileion giiddddfaddd Btiad dduedR ldddle f1lm 25
en such a material” 1S used, e geonetri cal 1l'm thi ckness 1s

preferably from5-t {4a int ot ance
Pends (o be high a?};ghgcuﬂg%‘?ﬂh&eaﬂic suStfate in {HY prdind MEnd&ld 864 L1

wavel engt h rangegHedt g figid efideorofmah ke dimiadenfcridl may Bde ot her

hand, if it exceeds 20 nm the wavel ength range for lowreflection

tends to be garremployedlt hat is especially preferred to employ a
polycarbénate (PC) sheet, or a PET film which is useful
as bonded to glass or the like to be used in front of a
display, whereby an adequate effect of the present
invention can be obtained.

10 Here, the glass or the like may, for example, be a
panel glass constituting a cathode ray tube itself or é
face plate glass to be used as bonded by a.resin to a.
cathbde ray tube, or a filter glass to be disposéd
between a cathode ray tube and the operator.

15 Further, it is preferred to.employ, as such an
organic substréte, one having various hard coat layers
formed on its surface for the purpose 6f improving
scratch resistance, whereby final durability can be made
high.t The hard coat layér is preferably a layer made of

20 a cured product of an ultraviolet curable resin_or a
cured product of a thermosetting resin, sinée preferred
results can thereby be obtained. It is particularly
preferred.that the hard coat layer is a layer made of a

" cured préduct'of an acrylic resin of ultraviolet:éuréble

25 type. As the acrylic resin of'u;traviolet curable type,

a (meth)acryloyl grdﬁp-containing compound having an

urethane bond (so-called urethane acrylate), a



refl ectance tends to be high. A particularly preferred 5 range is from?7
to 14 nm . Atitaniumnitride fil mhas a proper optical constant
in avisible light region and well matches when a silica filmis used
as the lowrefractive index film Wth a filmthickness of about 10
nm a lowreflectance and a 10 proper ki @t =-absorption can be obt ai ned.
Further, it is preferred also fromthe viewoint of durability or the

cost of material S t g s 1y ' bt referred
from t he vi(gl\ﬁ/&&)r?tcrgflﬁe pr uctl\%é{qu{gz) dgjrr&r]:)éft_{(?r?ee} ?)Drdengaﬁe 15 by

DC sputtering OfczA 1@ %Joﬂ&}ésad@ﬂ@ctﬁlwe)i b i epoxydcRSAMGR Hfay) tfdrgen

gas. Here, in“order to bring the optical constant of thé

titani um nitii dedandpberbehinfert iomddarred range, it is preferred that
the sputtering gas contains nitrogen and a 20 rare gas as the main
conponent s, wher ei n Irhether uedern inventofony tthegesmald € dtheS dif £y e/
especially from5 to 20 vol % |f the proportion of nitrogen is |ess
than this 5 ihetgeen e ingfiragidmebiingle lofi ttdved ©rigandensaibs taates and
titanium whereby the |ow reflection wavelength range 25 tends to be

narrow. On the tdengefiraative indexpcfpdheg dard coat layer, the better.

Specifically, it is preferred that the absolute value of
the difference between the refractive index of the
. organic substrate and the refractivé index of the hérd
10 coat layer, is at most-0.05; especially at'most 0.03. By
decreasing the difference in the refractive index in such
a manner, the color shading can bé reduced, and the
pfoduct quality on appearance can be impfoved.
As a séecific means for reducing the difference in
15 the refractiQe index, a method of increasing the
refractive index of the hard coat layer, may be mentioned
in a case where the refractive index of the hard coat
layer is low as compared with the réfractive index of the
organic substrate. As such a method, 1) a structure or
20 -functional groups to increase the refractive index, may
‘be introduced, or 2) fine particles having a high
refractive index may be added, to the material (reéin)
for forming the hard coat layer. In a case where the
difference is large between the refractive index of the
25 organic substrate and fhe refractive index of the hard
coat layer, both methods 1) énd 2) may preferably be

carried out.



of nitrogen is larger than the above range, the |ight absorbing film
tends to contain excess nitrogen, whereby

16 - the | ow refl ecti on wavel ength. range tends to be narrow,
and the resistivity of the filmtends to be high, whereby the surface
resi stance tends to be | arge. The2el ectric power applied to the
target is 5 preferably at a pomer density of at least 1 Wcn2, for

the purpose of mei niglnl gt | 404 QUIIORREAL Ghasnte iilerase s

sufficiently quick r|aI |on and

anount - of i mpurigti at
a low | evel rrpTh| spl%s? tf?'g’ Ta?ltd(::)t Ive @Ijrdﬂggrﬁtro |ér¥gqts£1 m#unt TI'%f oxtdﬁ;e%n to
be taken i R dd®ridduBt BF s Ulthew Al Rafdad¥le type acryldld her,

the electric power applied to the target at that tife is preferably at
a power density refsif, b rkEractivwy dNduy Jof the dRird @odtl dayexr idamieum

nitride light 15 absorbing film having proper optical constants and to

avoi d occur rgncéroughtnalose dics diher gefractdlve ripdefx dfe the PET £ilm, by
dispersing fine particles having a high refractive index
to this acrylic resin; Here, the fine particles having a
high refractive index may, for example, be fine particles
of antimony(V) oxide, titanium(IV) dxide, yttrium(III)

10 oxide, zirconium(IV) oxide, tin(IV) oxide, indium-tin
oxide (ITO), lanéhanum(III) oxide, a;uminum(III) oxide,
zinc(II) oxide or cerium(IV) oxide. |

In the present invention, as plasma treatment, it is
preferred to employ RF plasma treatment.

15 Further, the atmosphere for plasma treatment is
preferably a non-oxidizing atmosphere. As a specific
method for making the atmosphere to be a non-oxidizing
atmosphere, a gas qontaining no oxygen atom is employed
as the discharge gas. For example, it is preferred to

20 use an inert gas such as argon. If a gas containing
oxygen atoms (such as oxygen, carbon monoxide, carbon
dioxide, nitrogen monoxide or nitrogen dioxide) is
employed, the characteristics of.the light absorbing film
tend to deteriorate, whereby an increase of the surface

25 resistance, or an increase in the transmittance will be
observed. The reason is not clearly undérstood,.but it

is considered that oxygen (or oxygen atoms) injected into



cathode or the target by an .excess application of the el ectric power

to.the target. Nanely, if an electric power larger than this is
dpplied, even in an atnosphere 20 of pure nitrogen, the filmwll be
titaniumrich, whereby the desired conposition can hardly be obtai ned,
and the- target and its peripheral par2® i l| be heated, whereby
ar chi ng or I n sone cases nelting of the heated parts wll be likely to
occur. AC u 0§ 1.1 Ir b hAet
conp05|t|on of Fgg ?gé g“P%Egégg??gF?n 822 %%gg?gst£ésﬁmﬁgtp§§glen1so
long as it is “ﬁ&?b@ ﬁrbﬁ”GEe“QGBEtEBEetEhnthe subsequent film formation
- 17 - fil Inally formed has substantially the optical const ant
of t'tan'U”‘n'tbfdﬁheFHHhE§iontMderyamghﬁ1absorbthgldayérlandamayebeorned
by sputterlng by using a mat eri al -consisting essentially of titanium
nitride as 5 thrRehaigeb. the light &bsbbbingh€ilmand, it has been found
that by the

: 5 The plasma treatment is preferably carried out in

such a menner that the organic substrate is set in a
vacuun chamber, then the interior of the chamber is made
to be a non-oxidizing atmosphere, and a radio frequency
electric power is applied to an electrode disposed on the

10 rear side of the organic substrate, to carry out plasma
treatment to satisfy a condition of 2P-t/(V-e-m)>5x1013,
where P is the power density (W/cm?) applied to the
surface of the organic substrate, -V is the self bies
potentlal (volt) of the electrode, t is the treating time

15 (seconds), and e is an elementary electric charge of
1.6x1071% (C). With the value being at least 5x10!3, an
adequate effect for improving the adhesioﬁ between the
organic substrate and the film will Be obtained.

When the organic subetrate has a hard coat layer,

20 plasma treatment is applied to the organic substrate
provided with the hard coat layer.

Further, when the plasma treatment is continuously
carried out, and the organic Substrate.is continuously
wquna up, it is preferred to form an adhesion layer

25 immedietely after the plasma treatment and before winding
the substrate ué. If.the substrate is wound up without

formation of the adhesion layer, the plasmaQtreated



presence of oxygen, adhesion with the substrate or with the silica
filmas the upper layer will be inproved. Accordingly, so long as the
optical constants of the 10 titaniumnitride filmare maintained within a
preferred range, in some cases, the.presence of oxygen in the
titaniumnitride filmis preferred. "= 24 kn such a case, as a titanium
nitride film the atomc ratio of oxygen to titaniumin the filmis

15 preferably at b)r%)csr'ltafto%._ %“Llré)arage;[ B&ﬁi eé(&,géegrgt %lg¢%§ﬁeog%ag tshide const ant

~and the resistivit s lar , e product
will be titani “'Qh@@é‘:fy ttrﬂéj‘%éﬂéﬂorb tend¥EWe iy resistivity increases,
0 nt Wi

and the optical nst a e Lnproper, and consequentiy both the

20 surface resistange @l gresent | {déweiow) o fTeftpMitdridd to form at
unsati sfactory. In a case where a titaniumnitride filmis forned

by a usual 1HHEH SneE ik sledted Eronewhel ddifedital Jugeen the Wil
be contained in the filmdue to the residual gas 25 conponent in the

vacuum chanbgr. 1ight iabddarbiory filnheand theoXmyenrefirddteve |imdeeerfiine by
optical characteristics of a TiN fil mhas not heretofore been well
known. Especi al lay,sputtering method. From the viewpoint of the stability
of the film forming speed and easiness for application to
a substrate having a'large area, a diréct current
~ sputtering method, is pfeferred; F;r the same reason, it
10 is preferred'tb form also the antioxidation layer by a
| sputtering method, especially a direct current sputtering
method. Further, by the direct curfent sputtering
method, the electron energy applied to the organic
substrate is small as cbmpared with the'RF (radio
15 frequency) sputﬁering method, whereby the organic
substrate is less likely to be damaged. |
Accordingly, in the present invention, it is
preferred that after the organic substrate is subjected:
to plasma treatment, an adhesion layer is immediately
20 formed by a sputtering method before winding up the
organic substrate. By'the production in such a manner,
it is possible to obtain an organic substrate provided
with a light absorptive antireflection film having higﬁ
durabiiity constantly.
25 In the present invention, the light absdrptive
antireflection £ilm absorbs a part of incident light to

reduce the transmittance. When the light absorptive



- 18 - not hi ng has been. known about an influence over the

performance as a |ight- absorbing layer in the present ~ invention.

The present inventors have conducted extensive 5 studies on the relation
bet ween the filmformng conditions for a titaniumnitride film and

t he amount of oxygen in the titani um nist i de filmand the relation

W th the performance as a |light absorbing layer in the present

i nvention, and hay, : .. 10 &1 tan itride
filmin the pr egaznnt[ah{eﬁf\?';gn‘%qoopn,abfh%ﬁéj%é%tma%";r%lbg%fléox%e&nnj]t)g ;’Htani um

optical oo SRR JBRs b { G SCILR L) o

the-optical conshiggdt fuddeedsd tANEALR fﬁiéﬂ&%%één&n 4 e e Vvl £ 0iHe

will be shifted froma preferred range, ereby the low reflection

characteristics iddnsity oletieighy afifackKgrdumd ,li;t%‘l&prvmﬁtﬂi ertldr e idim
oxy-nitride film whereby the resistivity will increase, and the
surface resi gt arghre et land athdn [y rjeflected by dhe rsatk fae of the
display elément side, will decrease, whereby the ratio of
the display light to fhis backgrouﬁd light can be
increased fo improve the contrast.
In the presént invention, the optical constants and
10 the film.thicknesses of the light absorbing film and the
low refractive index film are so set that the overall |
reflectance detérminea by 1) the Fresnel reflection
coefficients at the respective interfaces, 2) the phase
differences between the respective interfapes and 3) the
15 -~ amplitude attenuation degrees within the respective
layers, will be sufficiently low within the visible light
. region, | I o
Especially, the optical constants of the light
absorbing film show dependency which is different from
20 the.dispersion relation (wavelength dependency) of a
usual transparent film in the visible light region.
Accordingly, if a properly selected light absorbing £ilm
is employed, it is possible to substantially broaden the
low reflection-regidn in the visible light range as
25 compared-with the case where it is constituted solely by
a usual transparent film. This effect is remarkable when

a film consisting essentially of gold, a gold alloy,



20 shielding el ectromagneti c waves, such being undesirable. ' The
sheet resistance (Rerr]) of the light absorptive antireflector is
pteferably at nost 500 [err]/[err]. In the present invention, the
adhesi on | ayer serves as a layer for inproving the adhesion.
Specifically, the 25 adhesion |ayer may~ f2gr -exanple, be a silicon film a
‘silicon nitride f|In1 a silicon oxide filmor a silicon oxy-nitride

g 1 B B d%%POYdfe@my 15,96 0 92 iy

a silicon nitri f S
t hereby remar kaqﬁqgf"'ﬂ?e Sl {Ed:pcéé}ﬁl SJI’I ‘# corﬁlall oxygen a?ﬂa
evel of an i Mys loptaifiih, S e %&%Jldﬁndrs LML die

conposition of this iTmis preferably silicon rich as a light
absor bi ng fria fhiun, |‘LSS Riddd Gd aHe/ 1WgHerdBibibialg tfidnmt omi ¢ ratio
of oxygen atons to silicon atoms is at nost 1. Wth a | ayer consisting

essentially of anzﬂlnseuﬂﬂantafckhetddheéibneiéyﬂx ﬁxuvmdqs(anrqﬁﬁént
adhesi on i s inadequate.
for remarkably improving the adhesion between the light
absorbing £ilm and the organic substrate or the hard coat
layer coated on the organic substrate. Especially when
RF plasma treatment is carried out.in a non-oxidizing

10 atmosphere, the adhesion can be'improved without
impairing the electroconductivity of the light absorbing
£ilm formed thereon or without changing the 0pticel
constants of the light absorbing film. Especially when a
film of a nitride of at least one of titanium, zirconium

15 and hafnium is used as ‘the light absorbing film, and a
film of a silicon nitride is used as the adhesion layer,
the affinity of the light absorbing film and the adhesion
layer will be excellent, and excellent durebility can be
obtained.

20 Now, the present invention will be described in
further detail with reference to Examples. However, it
should be understood that the present invention is by no
means restricted to such specific Examples.

EXAMPLE 1 (present invention)
' 25 In a vacuum chamber, metal titanium and N-type
-silicon (phosphorus-doéed single crystal) having a

resistivity of 1.2 Q-cm were set as targets on a



The geonetrica

filmthi ckness of the adhesion |ayer Is preferably
from0.5to 10 nm If it is less than 0.5 nm the effect for inproving
the adhesion tends to be small, and if it exceeds 10 nm .the '
antireflection 15 performance tends to.deteriorate. |1t is particularly
preferably from1l to 8 nm Further, when-a2fzayer capabl e of absorbi ng
visible light (such as, a |ight absorptive silicon, silicon nitride,
silicon oxide 0%5%&& on oxy- : nitride layer) is used as the adhesion

layer, the 20

.. . Intheqyas to'd't@i‘?rlﬁ '_écfkeitﬁé‘Qnde':
antioxidizing |layer nade essentially of a silicon nitride and/ or an

nm

geonetrical filmthickness is preferably from0.5 to 5

), d tpEr® 6] &

al uni num ni tridq igy)f Q{aﬂ?ﬁ%d 3 dhdRKIRISY & abdut g0 nhigdevddedwiftom 0. 5

to 20 nm between the |ight absorbing filmand the |ow refractive index
film If it harids doats lladyetr @5 alinadriydatld qaieffractivey dndexg axisdt, on
- 20 - tends to be snall, and if it exceeds 20 nm the"

5 was cut into a size of 10 cm x 10 cm and set on a

10

15

20

25

substrate holder.

The vacuum chamber was evacuated to 1x10-5 Torr, and
then a light absorptive aﬁtireflection film was formed on
the hard coat layer side of the substraté as fpllows.

(1) Firstly, as a diScha;geigas, argon was
introduced, and conductance was adjusted so that the
pfessure became 1x1073 Torr. Then, a RF electric power
of 200 W was applied to the substrate holder (surface
area: about 1;2oolcm?) for 1 minute to carry out RF
plasma treatment. At that time, the self bias voltage of
the electrode was -280 V.

(2) Then, the gas was switched to a gas mixture of
argon and nitrogen (nitrogen: 10%), and the pressure was
adjusted to 2x10'3 Torr. Then, a voltage with a waveform
as shown in Figure 2, was applied to the silicon target,
and a silicon nitride film (adhesion layer) having a
geometrical film thickness of 2 nm was formed by
intermittent DC sputtering of the silicon target.

(3) Then, the blend ratio of gas was changed to 20%
nitrogen, and the pressure was adjusted to 2x1073 Torr.

Then, a negative direct current voltage was applied to

the titanium cathode, to form a titanium nitride film



antirefl ection performance tends to deteriorate. As the organic
substrate in the present invention, a - sheet or filmmade of an organic
naterial may be 5 enployed. It is especially preferred to enploy a

pol ycarbonate (PC) sheet, or a PET filmwhich is useful as bonded to
glass or the like to be used in front of -azg -~ display, whereby an
adequate effect of the present i nvention can be obtained. 10

Here, the gl ass ,qr, e _like Qr e le, b . ned, ass
constituting a égﬁ%‘g:e aﬁbg}rtbﬁ%%/q if{lg'é'pf )i‘gar%a{lg 4 %E?Dénc?etrﬁ'l%ale%'llgdss to be
used as bonded .31 eS] - Q : R fsid t8h -0l ass to
be di sposed l%)ﬁblg:tkv?/e%(?nsné)tfg&t 51 ebéﬁ%%?%%l?#;%gpgpg&lﬁa%ﬂ

Further, it is Q@g&@&ned to enpl oy, as such an organi ¢ substrate, one
havi ng various hard coat |ayers " formed on its surface for the purpose
of inproving sqrey ahtsdidtivie of\ i ad i stopddd,) tahd dhee nade

hi gh. The hard coat layer is preferably a |layer nade o 20 a cured
pr.oduct of af ulint®tidreiofc whahlvaocwm chamber was Guwondhtr aduat hdigha

t hernosetting resin, since preferred results can thereby be obtained.
It is particul allegel of wasfuamr.ed Themt, tehgasamixtuxie lofyargon andayxygeade
of a cured product of an acrylic resin of ultraviolet curable

(oxygen: 50%) was introduced as a discharge gas, and
conductance was adjﬁstéd so that the pressure became
2x1073 Torr. 'Then, a voltage ﬁith a waveform as shown in
10 PFigure 2, was applied to the silicon target, t6 form a
silica f£film (low refractive index £ilm having a
. refractive index of 1.47) having a geometrical film
thickness of 85 nm by intermittent DC sputtering of the
silicon target, thereby to obtain an organic substrate
15 pfovided with a light absorptive antireflection film of
the present invention (hereinafter referred to as a
sample film).
A curve of the spectral reflectance measured with
respect to the obtained sample film, is shown in Figure
20 3. The spectral reflectance was measured in such a state
that a black lacquer was coated on the rear side to
eliminate the reflection on the rear side so thatlonly
the front side reflection was measured. Thé visual
transmittance (T,) was 69.7%, and the visual ?eflectance
25 (R,) was 0.34%. Further, ihe sheet resistance (R;) of
the sample film was measured by a non—coﬁtactihg-

conductivity measuring meter and found to be 340 Q/0.



25 type. As the acrylic resin of ultraviolet curable type, a

(et h) acryl oyl group-containing conpound having an ur et hane bond
(so-call ed urethane acrylate), a -21-
(meth)acrylate compound having no ur et hane bond (so- cal | ed pol yester
acrylate) or an epoxyacrylate may, for . - 29exanple be nentioned.

In the present invention the snmaller the difference 5 between the

the hard coat I ayer, FEReRESe; she  SaREIE Fi3h uas juindierd (RCh EBoatERE
':Ee absol ute val yg, géfat retggdthBEE?HEe Bii4se Eﬂﬁyﬁgkr?&i'gﬁ Engﬁéegf
e organi c substrate an QRFERRSCPIVE |n coat

| ayer, is at nosg Qeﬂﬁtleépﬁﬁhﬁhiiyabf”§§§)0f93 48BHours, Qﬁé&@ﬁ?bﬂglEhe_
difference in the refractive index in such a manner, the color shading

can be reduced, @88 t{iBbed w1ahoducbtﬁuabntimpaegaaeaaagaazéaanaerlapuauad
As a specific neans for reducing the difference in 15 the refractive
i ndex; a methpd of aboueali kg/tié for 10 reciprocations, whereby whether
or not péeling.of'the £ilm would occur, was visually
observed. The results are shown in Table 3. 1In the
Table, HC-PET represents the PET film provided with a
hard coat layer, Si:P represents the N-type silicon-
10 'having a resistivity of 1.2 Qi-em, and 1.4El7 represents
 1.4x10%7, |
EXAMPLES 2 to 9 (present invention) and EXAMPLES 10 to 14
(Comparative Examples) |
' An organic substrate provided with a light absorptive
'15 antireflection film was prepared in the same manner as in
Example 1 except that the preparation conditions were
changed as identified in Table 1 6r 2, and the
characteristics were measured. However, the oxygen
contents during formatioh of the adhesion layers in
20 Examples 9 and 14 were 2 volg and 10 vols, respectively.
The results are shown in Tables 3 and 4. In the Tables,
PC platé represents a polycarbonate plate, Si:Al
represents Al-doped silicon, and Cu-Al represents an
alloy of Cu and Al. Further, the f£ilm thickness in the
25 Tables.represents a geometrical film thickness. Further,
a curve of the spectfal refléctance measured with respect

to the sample film obtained in Example 8, is shown in



refractive index of the hard coat |ayer, nmay be nentioned in a case
where the refractive index of the hard coat | ayer is | ow as conpared
wth the refractive index of the organi ¢ substrate. As such a nethod,
1) a structure or 20 functional groups..to increase the refractive index,
may be introduced, or 2) fine partiel @ kaving a high refractive
I ndex nmay be added, to.the nmaterial (resin) for formng the hard coat
| ayer. In a cas fq} é}&he difference is |arge between the refractive
“index of the 2 rganic substrate and the refractive index of the hard

_coat | ayer, bot h-'rretﬂp%‘%,ﬁ Y R)edey, %ﬁ‘é E‘a[?%s}’ié}? i.e. (¥ dEhMity

- 22 - For exanpl e, 1n a case.where e organic substrate 1s

a PET film and jthefadid diftatad Bipdfed wiIL BRI 10 to LLWHEENQAICT
of an ultraviolet curable type acrylic- resin, the refractive index of

the hard coat | aygiparaitive Efanpleght Ridred0 ihExafplas ilvaod 6le and he
PETTHm by5 9, the adhesion is excellent as compared with Example 7
wherein the value of 2P-t/(V-e-r) was 4.7x1015, 1In
Examples 1 to 7, the sample films were superior with
respect to the reflectance_and'the resistance to those in
. Example 8 wherein plasma'treatment ;és carried out by
10 oxygen gas. Further, in Exémples 1 to.4 and 10 to 13,
the atomic ratio of oxygen to titanium in the respective
light absorbing films was from 0.1 to 0.25.
As is apparent_from Figure 3, according to the
present invention; low reflectance can1be realized over a
1s .wide range of the visual light region, and the
transmittance can be reduced substantially uniformly.
Accordingly, when the present invention is applied to a
panel giass; a_facé plate glass or a filter glass to be-
disposed in front of a display screen of e.g. a cathode
20 ray tube, the effect for improving the contrast of the
display screen will be more remarkable than a case where
a transparent antireflection film is used.
EXAMPLE 15 (present invention)
Using a PET film (refractive index: 1.60) having a
25 thickness of about 150 ;m as the organic substrate, a

hard coat layer was formed as follows. Fine particles

having a high refractive index were dispersed in an



di spersing fine particles having a high refractive index ‘to this
acrylic resin. Here, the fine particles having a hi gh refractive index
may, for exanple, be fine particles ~of antinony(V) oxide, titaniun(lV)
oxide, yttrium(I1l) 10 oxide, zirconiun(lV) oxide, tin(lV) oxide,
indiumtin oxide (1 TO, |anthanun(lI4)3l0» de, alum nun(ll1) oxide,
zinc(ll) oxide or ceriunmlV) oxide. o In the present invention, as

| treatment, ifni . f .15
pl asma. treal mentaciy1is resinPse!S1LAEyiO é@yaﬁfep%fégg?ggﬁirg?ﬂé

Further, the atnobsphere for plasma treatment Is : !
non-oxi di zi ng atJPSRAEIE rifgs P SRECtHhé Cresin whs ecatod SRKiRG BBP £i1m,

at nosphere to be a non-oxidi zi ng at nosphere, a gas containing no

oxygen atomis empéoyedin wasaSuté@ By Sifrddibagitg DErLXPOPEE raysi S
preferred to 20 use an inert gas such as argon. If a gas containing
oxygen atoms ( suclesetoxygeform aa bivardomoat dkayens borthe filhothiekness

ni trogen nonoxi de or nitrogen dioxide) is enpl oyed, the
characteristigcs @f this|hahd ebabrbayer fwasn3 m.t chile tamoenerobrbine

wher eby an increase of the surface 25 resistance, or _an increase in_the
transmttance wibarpicles hapirg \@dhighcrefeaohive irdex|was |gdivstedt2od,

but it is considered that oxygen (or oxyqsn atons) injected into
' that the refractive index of "'the hard coat layer became

substantially 1.60.
An organic substrate provided with a light absorptive
10 antireflection film, was prepared in the same manner as
in Example 1 except that this PET £ilm having a hard coat
layer formed thereon -was used. A curve of the spectral
refledtance measured with respedt to the obtained sample
£ilm, is shown in Figure 5. |
15 . As is apparent from Figure 5, by reducing the
difference between the refractive index of the organic
. substrate and.thé refractive index of the hard coat
layer, ripples in the reflectance curve as observed in
Figure 3 can be reduced. Consequently, color shading is
20 reduced as compared with Example 1, and a color change is
scarcely observed when inspected'from various angles, and
thus the product quality on appearance will be improved.
EXAMPLE 16 (present invention)
In a roll coater (roll-to-roll coater) vacuum chamber
25 of a structure wherein gaSISeparation was impossible, a
- metal titanium target and a boron-doped silicon target

were set on a cathode.



- 23 -. the organi c substrate during the plasma treatment my

| eave fromthe substrate in the subsequent filmformation of the
atlhesi on | ayer/{ight absorbing | ayer and may be taken into the |ight
absorbing film 5. The plasna treatnment is preferably carried out in
such a manner that the organic substrate-i 82set in a vacuum chanber,
then the interior of-the chanber is made to be a non-oxidizing

at nosphere, and a rijdq:hﬂ e )hand,l Gagllgcﬁ{'cf PEWEE 5 95 ﬁ%sﬂtérag%eit an

el ectrode di sposed on" the rear s e organic s to carry
out pl-asma- &AM d O 1At U HddLBHOfTabout 150 i
2P[err]t/ (V] grr]lg{d(:é?%']n?&gﬁxq) er r]]nij a al:.lﬁ\/\/nerete!g Pis at r?é’ power Fgler%ﬁ%vylded
(WcnR) appliedyidd e hard ot AR Jdfhamatdy1ate QHard @oatV laydhe

sel f bias " potential (volt) of the electrode, t is the treating tinme

15 (seconds), aadee dfs antcdpciuetelofian aldiaviolet curableddddydriid

(©. Wth the value being at | east 5x10[err], an adequate effect for

“inmproving the adleasdimn definsetrivehdndex: dr.fd)i wvasulssttr atne aadd splensfiingm wi | |

be obt ai ned. 11 When the organi c substrate has a hard coat | ayer,
roll.

The vacuum chamber was evacuaﬁed to 1x10~5 Torr, and
then a light absorptive antireflection film was formed on
the hard coat layer side of the substrate as.follows.

10 (1) Firstly, as a discharge éas, argon was
intréduced, and conductance was adjusted so that the
pressure became 4x10~3 Torr. Then, a RF electric power
of 200 W was applied to an electrode (surface area: about
150 cm?) disposed on the rear side of the film, and RF

15 plasma treatment was carriéd out while sending the £ilm
at a line speed of 0.2 m/min. At that time, the self
bias voltage of the electrode was -15 V. Sending of the
film was stopped befdre the plasma treated portion on the
film reached the winding up roll.

20 (2) Then, the gas was switched to a gas mixture of
argon and nitrogen (nitrogen: 50%), and.the pressure was
adjusted to 4x10-3 Torr. Then,-a voltage with a waveform
as shown in Figure 2 was applied to the silicon target,
and a silicon nitride film (adhesion layer) having a

25 geometrical film thickness of 4 nm Qas formed on the
portion plasma-treated in step (1), while sending the

film again. Sending of the f£ilm was stopped upon



20 plasma treatnent is applied to the organic substrate provi ded with

the hard coat | ayer. Further, when the plasma treatnent is

conti nuously carried out, and the organic substrate i.s continuously

wound up, it is preferred to forman adhesion layer 25 imediately after

the plasma treatnment and before winding - 33 the substrate up. If the

substrate is wound up w t hout formati on of the adhesion |ayer, the
substrate

pl asma-t reat ed : : = =
surface wll con(f%{'(l:?l%%%nt % ?%%rf%rl _et:'-lon_Of y&%? e%?/h?%le %d%ae%e]%h tends to .
be | ow. | In f?? PhERENENE Y ESAE OPatid b8 E’ﬁéféé% efaé O PEEREE to

| east one filmselected fromthe adhes.Lon | ayer, the I ght absor bi ng

filmand the | oviggfipEidyen) nsiex €heé phessure waspadjested t&tdomo-From
t he viewpoint of the stability of the filmformng speed and easi ness

for application Torr. Thesubstinedativeidirect acwereviteavobtalge eeds current
sputtering nethod, i.s preferred. For the same reason, it
5 applied to a titanium cathode, and a titanium nitridg
£ilm (light absorbing film) having a geometricai film
thickness of 12 nm was formed on the adhesion layer, by
DC sputtering of the titanium target, while sending the
film again. Sending of the film was stopped upon
10 completioh of the.formation of the light absorbing film.

(4) Then, the blend ratio of the gas was returned to
SO%Initrogen, and the'p;essure was adjusted to 4x10-3
Torr. Then, a vqltage with a waveform as shown in Figure
2 was applied to the silicon target, and a.silicon |

15 nitride film (antioxidation layer) having a geometrical
film thickness of 20 nm was formed on the light absorbing
film by intermittent DC sputtering of the silicon target,
while sending the film again. Sending of ‘the film was
stopped upon completion of the formation of the

20 antioxidation layer.

(5) introduction of the gas was stopped, and the
interior of the vacuum chamber was brought to a high
level of vacuum. Then, a gas mixture of argon and oxygen
(oxygen: 50%) was.introduced as a discharge gas, and

25 conductance was adjustéd.so that the pressure became
4x1073 Torr. Then, a voltage with a waveform as shown in

Figure 2 was applied to the silicon target, and a silica



10 is preferred to formalso the antioxidation |layer by a Sputtering

nmet hod, especially a direct current sputtering nmet hod. Further, by the
direct current sputtering ~method, the electron energy applied to the
organic substrate is snmall as conpared with the RF (radio 15
frequency) sputtering method, whereby the ggganic substrate is Iess _
likely to be damaged. _ Accordingly In the present invention, S
preferred that ter the or subst u

treatnent, an ag‘{f@é‘f ?‘éyre yéﬁi@ ti* ‘&rPéﬂ aoﬁ”“ie&ﬁ%tca?u ng

et hod bef or e Wﬂdln{‘%[&%ﬁx{?ss %tl s%{%wvraé WS n e ¢ igp in
such a nmanne I'S possible 1o obtaln an organic su trate prOV|ded

wth a |ight ab&qﬁfv%a:h tdaii i Obd |40l et ity fufgfthe silib@pi ity

constantly. e present 1nvention, the |ight absorptive

antireflection fidrgebsapile swidimy dH | ek dddiifl, tahd the 'REMIE tF8Im
transmttance. Wen the |ight absorptive
- .25 - 5 was wound up on a winding up roll.
The obtained sample film was p;aced in a constant
temperature and constant humidity chamber (at 50°C under
a relative'humidity of 95%) for 48 hours, whereupon it
was rubbed with an ethanol-impregnated gauze under a load
10 of about 2 kg/cm? for 10 reciprocations, wheréﬁy whether
or not peeling would occur, was visually inspected. No
peeling occurred.
EXAMPLE 17 (Comparative Example)
Firstly, plasma treatment was carried out in the same
15 manner as in step (1) in Example 16, and the film was
wound up on the winding up roll without stopping sending
the £film. At that time, winding up was carried out until
the previously wound up film, was covered with the film
which was subsequently wound up. Then, a sample film was
20 prepared in the same manner as in steps (2) to (5) in
Example 16.
With respect to the obtained samplé f£ilm, evaluation
was carried out in the same manner as in Example'ls. As
a result, peeling occurred at the previously wound up
25 portion despite that plasmé treatment had been applied to

that portion.



~antireflector of the present invention is used 1) as
~glass of a display or 2) as a

- filter glass, the i ntensity: of
from 5 the surface and then is reflecte
di spl ay el enent side, will decrease, wher
light to this background |ight can be
contrast. In the present invention, the optica
the filmthicknesses of the Iight absorbing filmand the
refractive index filmare so set that hp%ﬂpv ral

determ ned by 1) the Fresnel reflectlo

gﬁgxt

he ratio of

bonded to a front
substitute for a.face plate glass or a

| i ght (background |ight) which enters
the surface of the

t he di spl ay

I ncreased to inprove the
constants and 10

| ow

refl ectance

oefficients at the respective

i nt erfacles..._2;._t-ha-phas€
and 3) tfhe 15 anplitude,atten | 0 ees, Wthin,t
layers, Will be suffici qntty a‘%,ﬁt[? Bt ?w za? 7
Especi alfFy,—the-optrcar fconstanf s o1
dependeré&hﬂﬁRﬁFQS di f | &5 g HETBE Oﬁqﬁﬁﬂkagﬂg?ﬂT
dependengy)f of a ujual transparentf filmin the vigible Iught reg on.
Accordir&y Gas a propedl y &Fel ept eBTI i ght Hbsolbiﬁb fi] mAr Ar
% Power ZOOW 200W | 200w 200w 200w 200W 200w
e ) _
a
t |rreating time } 60 sec ] 10 sec }30 sec }60 sec |60 sec |60 sec] 2 sec
m
e .
g Voltage -280V | -280V | ~240V | —-240V | —-280V | —-280V | -280V
2Pt /Ven 1.4E17 | 2.4E16 [|8.3E16 |1.7E17 |1.4E17 |1.4E17 | 4.7E15
Adhesion layer
Target si:p | Si:P | si:p | zrsi, | si:p | si:P | si:P
Gas Ar/N, | ar/n, | ar/n, | ar/N, | Ac/N, | Ar/N, | Ac/N,
Film thickness 2 nm 2 nm 5 nm 5 nm 2 nm 3 nm 2 nm
Light
absorbing £film
Target Ti Ti Ti | Ti Au Cu-Al | Cu-Al
Gas Ar/N, | Ar/N, | Ar/N, | Ar/N, Ar Ar/N, | Ar/N,
Film thickness 12 nm {12 nm {12 nm {14 nm | 3 nm 6 nm 6 nm
Antioxidation Nil 1 Ni Nil
layer
Target Si:P Al Si:P Si:P
Gas Ar/N, Ar/N, Ar/N, | Ar/N,
'Film thickness 3 nm 5 nm 5 nm 5nm
Low refractive
index film
Target si:p | si:p | sisp | si:p | si:p | si:al | si:a1
Gas Ar/0, | Ar/O, | Ar/O, | Ar/O, | Ar/O, | Ar/O, | Ar/0,
Film thickness 85 nm | 85 nm | 85 nm | 85 nm | 85 nm | 73 nm | 73 nm



-

Is enplo

yed, it

reflection region in the visible |ight

where it
ef f ect
gol d. al |

copper all oy,

nitride of a copper allay, a nitride
~zirconiumor a nitride of haf ni um
film 5

is constituted solely by
i s remarkabl e when

oy,

a nitride of a gold all oy,

a filn1ngfésling es
' - 26 -
nitride of copper,

a

25

is possible to subsfantially broaden the
range as
"~ a usual

| ow

conpared with the case

transparent film This

of titanium a nitride of
is used as the light absorbing

remar kably inproving the adheS|on betmeen the Ii ght

Insertion of the adhesiggphayer provi des an effect

sentially of gold, a
copper,
a

a

for

absorblng filmand

the org t—coat- yer—coaed—omtire—ory
substratje. Especially Eﬁ_pba l@ﬁ tg_g E‘E?”tll b par lllzdch,putlss E. 14
non-oxi i zing 10 atno$p ere e adhgsion c be 1 nproved hout
t hor con |SEEEERAS chanhARaPERY Hobed ‘ﬁcLb%“—‘EJgﬁfi-fP 7 | e 0 e e e
absorbir% flggl Especi ally ghenzaAr ' Ar Nil Nil Ar Ar
E Power 200w | 200w | 200w 2000 | 200W
Ital:l Treating time ] 60 sec ] 60 sec _60 sec | _ 60 sec} 60 sec
I:I Voltage -180v | -280v | -280v -280v | -280v
2Pt /Ven 2,2E17|1.4E17 |1.4E17| --- --- |1.4E17 |1.4El17
Adhesion layer Nil Nil
Target Si:P | Si:P Si:P Al Si:P
Gas Ar/N, | Ar/0, Ar/N, A;/N2 Ar/0,
Film thickness 2 nm 7 nm 2 nm Snm | 5 nm
Light .
absorbing film
Target Cu-Al Ti Ti Ti Ti Ti Ti
Gas Ar/N, | ar/n, | ar/N, | ar/N, | Be/N, | Ar/N, | Ar/N,
Film thickness 6 nm 12 nm | 12 nm | 12 nm | 12 nm | 12 nm | 12 nm
Antioxidation | Nil Nil Nil Nil
layer _
Target SisP Si:P Sisp
Gas Ar/N, Ar/N, | Ar/N,
Film thickness 5 nm 3 nm 5 nm
Low refractive
index film
Target si:Al | si:P | si:p | si:p | si:p | si:p | si:p
Gas Ar/0, | Ar/O, | Ar/0, | Ar/O, | Ar/O, | Ar/O, | Ar/0,
Film thickness 73 nm ] 85 nm | 85 nm | 85 nm | 85 nm | 85 nm | 85 nm "’




film of

a nitride of at

is used as the light absorbing film and a
i$ used as the adhesion | ayer,

~filmand the adhesion
durability can be

be described in
shoul d be understood that the present
restricted to such specific Exanpl es.

“layer will
obt ai ned.
further

det ai |

20

bg.g

cel |
W,

| east one of titani.um zirconium 15 and haf ni um

filmof a silicon nitride
the affinity of the |ight absorbing

ent,

and excel | ent
t he present
with reference to Exanpl es.
|nvent|on is-by no

Tablec@AVPLE 1 (present invention)

Howe
means

i nvention wll

ver, it

25 lp_a vacuum chanber.  petal tifaniumand N-fvpe iﬁllcon
(phosphor ps- doped single cr stal) avi n resist vity 1.2 flerr]cm
cat hode. | —Omttre—ut =T TV TaT R
1.60) havlmg (@)t hi ckness of {abguy iz @ | 73.5h4r dc@at
| ayer of hn acrylate (refragtive i : '
R, (%) - 0.34 ] 0.31 0.37 0.29 |} 0.30 ] 0.15 0.32
R, (0/0) - 340 | 360 | 390 | 350 | 120 | 80 340
Adhesion test No No No No No No |Slight
after constant peel- | peel- | peel~- | peel- | peel- | peel- | peel-
temperature and ing ing ing ing ing ing ing
constant humidity
treatment
Table 4
Ex., 8 | Ex. 9 |Ex. 10]Ex. 1l1|Ex. 12|Ex. 13}|Ex. 14
T, (%) 71.6 | 66.6 | 69.1 | 69.6 | 69.4 | 68.0 | 71.2
R, (%) 1.13 | 0.61 0.33 0.28 0.23 0.27 0.37
Rg (Q/0) 1540 360 350 301 ° 316 476 10K
Adhesion test No No Peel- | Peel- | Peel~ | Peel- | Peel-
_ _| ing ing ing ing ing
after constant pgel p?el over over over over over
temperature and ing ing the the the the the
constant humidity entire|entire|entire}entire|entire
treatment area area area area area




5 was cut into a size of 10 cmx 10 cmand set on a substrate hol der
The vacuum chanber was evacuated to | x10[err] Torr, and ~then alight
absorptive antireflection filmwas formed on the hard coat |ayer side
of the substrate as follows. 10 (1) Firstly, as a discharge gas,
argon was I ntroduced, and conduct ance 3gs- adj usted so that the
pressure becane | x10[err] Torr. Then, a RF electric power of 200 Wwas

applied to the subst£@£§¥ggége§%(§%%;§§§§?ht %ﬁ%ﬁ?ﬁi ?u%%;?gggnfg{err])

for 1 mnute to carry ou rea me, the self

bi as vol tage of substfé@e%ﬁ?%@&? Whth “£8light absorptiv %ngf?éflé%%gﬁls |

was switched to a gas m x _ argon and nitrogen (nitrogen:

and the pressuresifif excelPéht!Sidad PapXiOEPrédn 06 Mforhed wtlY 0d L 80Rp¥e t h
a waveform 20 as shown in Figure 2, was applied to the silicon targdget,

and a silicon nigiimlestihdtypshebtitsut ayskIndashadtdtal £ipeotwickieds fsdom
t hi ckness of 2 nmwas fornmed by intermttent DC sputtering of the
silicon target. thick. (3) Then, the blend ratio of gas was changed to
20% 25 nitrogen, and the pressure was adjusted to 2x10[err] Torr.
Then, a negative di rBerthersecaccondingectoathapptésent oinvention, tanani um
cathode, to forma titaniumnitride film .
organic substrate provided with a light absorptive
.antireflec;ion film having color shading reduced, can be
obtained ineipensively.

10 Further, by employing a sputtering method as a film
forming method, there will be merits such that the
process will;be stable, and film formation on a large
area is easy, which togéther with the above-mentioned
features make it possible to produce an organic substrate

15 provided with a light absorptive antireflection £ilm at a
low cost.

Furthermore, the organic substrate provided with a
light absorptive antireflection £film of the preseﬁt
invention has good adhesion of the films and is excellent

20 in the durability, and whereby the color shading is

. reduced. Thus, it hés durability and ﬁuality practicaily

sufficiént for use in front of a display.



- 28 - (l'ight absorbing film having a geonetrical fil _
thi ckness of 12 nm by DC sputtering of the titanium faqu ""E"II"““"IH'" |
(4) I'ntroduction of the gas was stopped, and the 5 interior *=of ct

chanber was ‘brought to a high “level of vacuum Then, a gas m xture of
argon and oxygen (oxygen: 50% was i-ntygoduced as a di scharge gas, and
conductance was adjusted so that the pressure becane 2x10[ err] Torr.

Then, a voltage 'gfké}\maveforn1as shown in 10 Figure 2, was applied to
the silicon teuggn, "forma . silica film(lowrefractive index film

havi fr ive i _ 47) i tri ; . .
(i ckneas of 85 tim a1 ST4PEFY Sipduidie IBOPRGatpetl 4 Flind | aitorpeive

target, thereby 40 OiE L@ bR SR C WHIEH 'Sdifpr ilides P \dfipchyk th a |ight
absorptive antirerlection film of the present invention (hereinafter

referred to as aubstr#t@Plénd id Might absorbihg UFikn Gind e Bgect ral
reflectance measured with _ -

5 refractive index film formed in this order on the '
substrate, to reduce reflection of incident light from
the low refractive index £ilm side, wherein the organic
substrate has its surface plasma-treated, and a layer
made essentially of at leést one member selected from the

10 group consisting of silicon, a silicon nitride, a silicon
oxide and a silicon oxy-niéride, is formed between fhe

' plasma-treated substrate surface and the light absorbing
£ilm, R |
2., The organic substrate provided with a light '

15 absorptive antireflection f£ilm according to Claim 1,
wherein the geometrical film thickness of the light
absorbing film is from 2 to 20 nm.

3. The organic substrate provided with a light
absorptive antireflection film according to Claim 1 or 2,

20 wherein the light absorbing film is a £ilm consisting
essentially of a nitride of at least one metal selected
from the group consisting of titanium, zirconium and
hafnium.

4, The organic substrate provided with a light

25 absorptive antireflection film according to any oﬁe of

Claims 1 or 2, wherein the light absorbing film is a film

containing gold and/or copper.

e vecuwums=*



respect to the obtained sanple film is shown in Figure H“I“ﬂﬂﬂlm lmll““l |
spectral reflectance was neasured in such a state that a

was coated on the rear side to elimnate the reflection ofi the

side so that only the front side reflecti on was neasured. The V|sual
transmttance (Tv) was 69.7% and the visudlp ~eflectance 25 (Rerr]) was
0.34% Further, the sheet resistance (R err]). of - . the sanple filmwas

db df d
Teasured DY, & NG COMPATidihic sulIE '3didBR U R and Tound to

Further, the sagpl ?#b 1?(%*1 'd?l"fﬁ‘i’(ﬂ%tc@?:trdl ttoergg@r nd

constant huntdlty ch a relative humdrty of 95@@

for 48 hours, weamauwon it 4, wﬁ&%ﬂww 10 It ¥t aRitiaeolinigay ¢una 4& a
gauze under a | oad 5 of about 2 kg/cnR for 10 reciprocations, whereby

whet her or fiQim RV iGlg dsentialulof ec&ilicems owideal | y
observed. The results are shown in Table 3. In the Tabl e, HC- PET

represents tdle BET fMHenqrganitedubstrate proviated oddth laayidghtSi : P
represents the N-type silicon
absorptive antireflection £ilm according to any one of
Claims 1 to 5, wherein the geometrical f£ilm thickness of
the 1aye£ made essentially of at least one mgmber
| selected from the group consisting of silicon, a'si;icon
10 nitride, a silicon oxide and a silicon 6xy—ni£ride, is
from 0.5 to 10 nm. .
7. The organic substrate provided with a light
absorptive ahtireflection fi1m aécording to any one of
Claims 1 to 6; wherein the layer hade essentially of at
15 least one member.selected from the group consisting of
silicon, a silicon nitride, a silicon oxide and a silicon
oxy-nitride, is a layer made essentially of a silicon
nltrlde.
8. The organic substrate provided with a light
20 absorptive antireflection film according to any one.of
Claims 1 to 7, wherein an antioxidation layer made
essentially of a silicon nittide and/or an aluminum
nitride, is formed in a ééometrical film thickness of
from 0.5 to 20 nm between the light absorbing film and
25 the low refractive indéx.film.

9.  The organic substrate provided with -a light.

absorptive antireflection film according to any one of



10 having a resistivity of 1.2 [err]cm and 1.4E17 reptesg(ﬂ Mll UJMU“I
1.4x10[err]. EXAMPLES 2 to 9 (present invention) and

-(Conpar ati ve Exanpl es) An organic substrate provided with a Ilght
absorptive 15 antireflection filmwas prepared in the sane manner as in
Exanpl e-1 except that the preparation coAdgliens were changed as
identified in Table 1 or 2, and the characteristics wer e neasur ed.

Ho th t d I
30 Exanpl o 13any 1 SEBCWREHY, IRe' SpURE) sfosksR R aR eR [T

results -are’ 5hoW?ghﬂlEaEh%§t%a%@dmﬁde'Bftﬁﬁlyéﬁhﬁiene terBShEhﬁﬁﬁte or

represents a polyc€arbonate plate represents Al -doped silicon,
and Cu-Al repreggiiyeazbonate.al | 0y of Cu and Al.  Further, the film
t hi ckness in the 5 Tables represents a geonetrical fllntthlckness

Furt her, alouyr wheoforigam ith eubstr ate proivdided MEed.nglmm respect
to the sanple filmobtained in Exanple 8, is shown in
5 absorptlve antlreflectlon film according to any one of

Claims 1 to 9, whereln the organic substrate is an
organic substrate having a hard coat layer formed on a -
substrate. |
11. The organic suhstrate provided with a light

10 absorptive antireflection film according to Claim 10,
wherein the absolute value of the difference between the
refractive index of the organic substrate and the
refractive index of the hard coat layer is at most 0.05.
12. A process for producing an”organic substrate provided

15 with a light absorptive antireflection £film, whichl
comprises subjecting an organic substrate surface to
plasma treatment, and.forming a layer made essentially of
at least one member selected from the group consisting of
silicon, a silicon nitfiée, a silicon oxide and a silicon

20 oxy-nitride, a light ebsorbing film and a low refractive
index £ilm in this order on the plasma-treated surface.
13. The process for producing an organic substrate .
provided with a light absorptive-antifeflection film
according to Claim 12, wherein the plasma treatment is

25 carried out in such a manner that the organlc substrate
is set in a vacuum chamber, then the interior of the

chamber is made to be a non-oxidizing atmosphere, and a



- 30 -. - Figure 4. In Exanples 1 to 9, the adhes

durability i s-excellent as conpared wi th Exanples 10 toslmumumr“llﬂmlu l“l
Conpar ati ve Exanples. Further, -in Exanples 1 to 6, 8 and 59 thet
adhesion is excellent as conpared with Exanple 7 - wherein the val ue of
2P[err]t/(V[err]e[err]) was 4.7x10[err] Lng2 -~ Exanples 1 to 7, the sanple

films were superior with respect to the reflectance and the resistance

to those in e 8 wherei,n plasm treat.nent S rried aut_,b 10
- oxygen gas. FUFP%IQN&II ?qutrd‘c4pﬂc?rld‘st (?pé(_a ed to gte&ﬁ")lod

tio.of
\r/v:sI ?rgm gxigsg dé'%fésg%molﬁméﬂé %%é%gﬁdefvnfuﬁ 4—4 guresq%s's accordl ng to
the presenig 'r%e to Lasmi rt%faér?%%%%&%a%ﬂye% I8 i4Rn dE 15 i de

range of the V|sual lig reglon transSm ttance can be reduced
substantial ly unigf Q;WWe 7)>5A0381, dyRekE, PMISNthBeppwegedbnkit nt(w?amizz
applied to a panel gl ass, a face plate gtass or a filter glass to be
di sposed in éroapplfied dicsphey sinface Of ahg orgmiitodmbsitategy Whs the
effect for inproving the contrast of the di splay screen will be nore
remar kabl e t hanthecaed fivbdas potemt ilalan{spdrtgniofarther efllesxtiriogte ,f id s £he
used.

' treating time (seconds), and e is an elementary electric

charge of 1.6x1071% (C).



»

EXAMPLE 15 (present invention) ' Using a PET film (refractive ihdex:
1.60) -having a 25 thickness of about 150 [err]mas the organic substrate,

a" ° hard coat layer was forned as follows. Fine* partlcles havi ng a
hi gh refractive index were dispersed in an

- 31 - acrylic resin of ultraviol et -c¢gabl e type contalnlng

aromatic rings, and the resin was coated on the PET film ~ The resin
was cured by irﬁggq#hcgg uItraV|oIet rays thereto to forma hard coat

| ayer. The fi ness of this hard coat |ayer was 3 [err]m The
anmount of fine ? [ Sht'Gh it

o) t hat the refﬁgﬁﬁéﬁﬁn%ﬁ%ﬁ‘}%h% %ﬁ‘ﬁ%ﬁﬁmgé I'!became Mﬁ‘%j

substantially 1a8@ireflectionAEiQnGaRing ol Rnpiliedy QW Srdanildh a |ight
absorptive 10 antireflection film was prepared in the sane manner as

i n Exanpl e 1 exscapistiriadie,t and BEL ightmabasorbdng [£41th amd a low | ayer forned
t hereon was used. A curve of the spectral refl ectance neasured with
respect to the cefxiactédvearimdex £ilm formed in this order on the

substrate, to reduce reflection of incident light from
the low refractive index film side; wherein the organic
" substrate has its surface plasma-treated, and a layer
made essentially of at least one member selected from the
10 group consiéting of silicon, a silicon nitride, a silicon
oxide and a silicon oxy-nitride, is formed between the
plasma-treated substrate surface and the light absorbing

£film.

. This Sheet Has Been Repl
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film is shown in Figure 5. 15

reduci ng the

di ff erence between the refractlve ‘index of the organic
substrate and t.he refractive index of the hard coat:,

the refl ectance curve as observed in
Consequently, color shading is

a col or change
angl es, and

S

t hus the product quality on appgay
In a roll

EXAMPLE 16mlenti on)
coat er) vacudnrcharn :

i npossi ble, a

25 of a structure wherein

As is apparent fromFigure 5, by

| ayer,
Figure 3 ican be reduced.

ripples in

20 reduced as conpared with Exanple 1, and
scarcely observed when inspected from vari ous

coa;s(H §§EET! @H s3§lf=E - a

ol |
S

roved.

metal titaniumtarget and a boron-doped silicon target

were set on a cat hode.

On the other han

t hi ckness of abOJt

acrylate (hard c

4

o allad D

E S
1T

bat

uIUII\/uII_I

150 [err]m
| ayer

provid

bd

(refractive

i ndex:

with a hard coat
1'5

14
13
12

11

10
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1. 60) haV|ng a

| ayer of an
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made of a cured product of an ultraviolet curable acrylic 5 resin,
refractive index: 1.53) was set on a dispensing roll. - The .
vacuum chanber was evacuated to I x10[err] Torr, and - then a light
absorptive aﬁm%lfsl I mwas formed on the hard coat |ayer side
of the substr - (1) Firstly, as a discharge gas,
argon was i ntroduced, - and conduct ance was adjusted so that the
pressure becar%q 4x10[err% Torr. Then a RF electric power of 200 Wwas

applied to an ¥EEEr ode 1OMFAOWSY @.NS Hus 150 cnR) di sposed on the
rear side of t Lfl Im andRRF § 15 /ql asmp trejptment was carried out while

sending the fi at a &pe&ﬂ—o—f——&-i%ﬁmn At that tinme, the self
bi as vol t age of the eI'ecter wds -15 V. Sending of the filmwas
stopped before the plasna r'eated_.p rtion on the filmreached the

wi ndi ng up rovip |-20—— 2—FRen, 1t he gas V\la htched to a gas g# xture
of argon ?1 d—nitrogen ifmgeﬂ' 9 F—ﬂ“me
adjusted to 4xIO[jerr] Torr{ Then, ajvoltage \ : as shown
in Figure 2 was aJppIiedtothe siligon target a silicgn nitride
film (adhesion | gyer) havihg a 25 [ i ckness df 4 nm was
formed on thevN portionjplasma-tr whi | e sending the

Sheet Has Been Replaced
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filn1again. Sendi ng of the filmwas stopped upon

- .33 - conpletion of the formati on of the adhesion |ayer. _
(@3) Then, the blend ratio of the gas was switched to 10% ni trogen, and
the pressure was adjusted to 4x10[err] Torr. Then, a negative direct

t | t liedt titani et t1 i
mtride o P RIS o bing 11 having. | ToUSSHEET HAB BEEN

thi ckness of 12 nmwas formed on the adhesion I'ayer, bREPLAGEDDC splittering

of the titaniumtarget, while sending the fiTm agal n. Sendi ng of the
filmwas stopped upon - 10 conpletion of the formation of the |ight
absorbing film - 10 (4) Then, the blend ratro of the gas was rjeturned
to 50% ni trogen,{_ and the pressure was adjusted to 4x10[err] .Torr.
Then, a voltage with ja waveform as shown in Figure 2 was appligd to
the silicon target, and a silicon 15 nitride film (antioxidation lfayer)
having a geonetrical | filmthickness of 20 nmwas formed on the|light
absor bi ng filmby intermttent DC sputtering of the silicon tar|get,

o L

B L

2

<

3]

)

K

|

<0

%

m —/‘/\/\/

1 I
380 400 500 600 700 780
WAVELENGTH (nm}) ’

FIGURE 4

10

REFLECTARCE (%)

R
380 400 500 600 700 780

WAVELENGTH ( nm )
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R4

whil e .sending the filmagain. Sending of the filmwas st opped upon

conpletion of the formation of the 20 antioxidation |ayer. (5)
I'nt r'oduction of the gas was stopped, and the interior of the vacuum
chanber was brought to a high | evel of vacuum Then, a gas m xture of
argon and oxygen (oxygen: 50% was introduced as a discharge gas, and
25 conductance was adjusted so that the pressure becane 4x10[ err]
Torr. Then, a voltage with a waveformas shown in Figure 2 was applied-
to the silicon target, and a silica . _ -
34 - film(lowrefractive index film having a_geonetiiecat—m-m film
t hi ckness of 85 nmwas formed on the anti oxidation| THIS SHEETeHAS BEEN
intermttent DC sputtering of the silicon tarpget, WREPLACER:Nndi ng the
filmagain, and the sanple film 5 was wound up o¥f—g—wrTrdiTTg—Uup rofll.

The obtained sanple filmwas placed in a constant tenperature and

constant humdity 5‘50[ err] C under - arelative humdity of
959 -for 48 hours,

0

REFLECTANCE (%)

380 400 500 600 . 700 780

WAVELENGTH (nm)

- This Sheet Has Been Replaced




N u104400-2
was rubbed wi'th an et hanol -i npregnat ed: gauze under a load 10 of about 2

kg/cmerr] for 10 reciprocations, whereby whether or not peeling would
occur, was visually inspected. No peel i ng occurred. EXAMPLE 17
(Conpar ati ve Exanpl e) Firstly, plasma treatnment was carried out in
the sane 15 manner as in step (1) in Exasple 16, and the fil mwas

wound up on the winding up roll w thout stopping sending the film At
that time, winding up was carried out until t he previously wound up
film was covered with the film whi ch was subsq qﬁ eed-Lpn._ Then,
a sanple filmwas 20 prepared in the sane manner ERLMEMEQ‘T(%EETO (5)

I n Exanpl e 16. Wth respect to the obfaine

eval uation was carried out in the same nmanner as{in ey 596 As

a result, peeling occurred at the previously wound pp|] 25 port| degpite
t hat plasna treatment had been applied to t hat} poTtron:

- 35-

ORGANIC SUBSTRATE PROVIDED WITH A LIGHT ABSORPTIVE

ANTIREFLECTION FILM AND.PROCESS FOR_ITS PRODUCTION

The present invention relates to an organic substrate

provided with a light abserptive antireflection film and
5 a process for its production.

In receat years, along with rapid eipansion of
computers, it has been desired to reduce reflection on a
display surface or to prevent electrification of the
surface of CRT (cathode ray tubes) in order to improve

10 the working environment of the terminal operators.
Further, recently, it has been demanded to reduce the
transmittance of the panellglass in order to improve the
contrast, or to shield electromagnetic waves of extremely
low frequencies which may adversely affect human bodies.

15 To respond to such demands, methods haée been adopted
such that (1) an electroconductive antireflection'film is
provided-on the panel'surface,'(Z) an electroconductive
antireflection fllm is formed on the surface of a face
plate, and the face plate is then bonded to a panel

'26 surface by a resin, and (3) a filter glass having an



Table 1 ' ' Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5

Ex. 6 Ex. 7 Substrate HC- PET PC pl ate HC- PET HC- PET
HC- PET HC- PET HC-PET R F Gas ony A Ar

N err] N err] Ar Ar Ar t r- Power 200W
200W 200W 200W 200W 260W8 - 200We at Treating tinme 60
sec 10 sec 30 sec 60 sec 60 sec 60 sec 2 sec me t
Vol t age - 280V - 280V - 240V - 240V - 280V - 280V

-280V 2Pt/ Vel epplaantc ghetThATe prOVADED wrTeS a3LiGHT ASGORFIIVE | 1. 4E17
1. 4E17 4.7ET*I;JHH.. T AR DI BN P

Si:P . ZrSi[erTT I :

Ar/Nerr] Ar/Nerr Ar/ N err] Ar/N[err] Ar/N[err] Ar/Nerr] Ar/Nerr]
Fil mthickness TBAGH, 2 nn1 5 nm 5 nm 2 nm 3 nm

%Inn1L|gh;Uabsorb|Rilf|Inl Ta S&ggte provided Wlﬁk‘FNEE ﬁt a?ﬁj%ﬁ%ﬁ%
AN err] Ar/%&?&ékle?ﬁLSﬁr 1@&/Nbﬁ ch céhbwhgk%]anFUrththkness 12 nm

12 nm nm Ant i oxi dati on
Ni | bstrabkl, and a 1i ht ab@drﬂl Eliﬁrﬁﬁﬂ a low
Si:p substipter ght abSorbingerlim 3¢

Ar/Nerr] g refractive Ahdbikefillm formed in Ahik2order Amn lthe
substrate, to reduce refléction of incident light from
the low refractive index film side, wherein the organic
substrate has its surface plasma-treated, and a layer
made essentially of at least one member selected from the

10 group consisting of silicon, a silicon nitride, a silicon
oxide and a silicon oxy-nitride, is formed between the
plasma—-treated substrate surface and the light absorbing

£ilm.

Figure 1
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Fi | mthickness 3 nm ; « 5 nm 5

nm 5nm Low refractive index film Target Si:P Si:P
Si:P Si:P Si:P Si: Al Si:Al  Gas
Ar/O[err] Ar/O[err] Ar/O[err] Ar/Q[err] Ar/O[err] Ar/OQ[err]
Ar/O[err] Filmthickness 85 nm 851nm 85 nm 85 nm 85
nm 73 nm 73 nm ' — -36 6
Table 2 Ex. 8 Ex. 9 - EX. 10 Ex. 11 Ex. 12
Ex. 13 EX. 14 Substrate HC-PET HC-PET HC-PET  HC PET
HC- PET HC-PET HCGPET R Gas O[err] Ar Ar
Ni | Ni | Ar Ar 't Power 200W 200W
200W 200W 200Wr e at Treating tine 60 sec
60 sec 60 sec 60 sec 60 sec me t Voltage
- 180V - 280V - 280V - 280V -280V 2Pt/ Ve[ err]
2. 2E17 1. 4E17 1. 4E17 --- --- 1.4E17 | Rtp E '
| ayer Ni | Ni | g HEET
Si.P Si:P - Si:P Al Si:P.
| 1 1FEB 998 I
FIGURE 1
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Gas ' ‘Ar/N[err]ArIO[err] . « Ar/Nerr] Ar/ N err]

Ar/O[err] Filmthickness 2 nm 7 nm 2 nm -
5 nm 5 nm Light absorbing film Target Cu- Al Ti
Ti Ti Ti Ti Ti Gas Ar/ N err]
Ar/Nerr] Ar/Nerr] Ar/Nerr] Ar/Nerr] AdNerr] Ar/Nerr] Film
t hi ckness 6 nm 12 nm 12 nm ~I2 nm 12 nm 12 nm 12 nm
Ant i oxi dati on Ni | Ni | Ni |
- Ni'l layer Target Si:P Si:P Si:P Gas
Ar/ N err] Ar/Nerr] Ar/Nerr] Filmthickness 5 nm
3 nm 5 nm Low refractive index film Target Si: A Si:P
Si:P Si:P Si:P Si:P Si:P Gas - Ar/02
Ar/ 02 Ar/ 02 Ar/ 02 Ar/ 02 Ar/ 02 Ar/ 02 Filmthickness
73 nm 85 nm 85 nm 85 nm 85 nm 85 nm 85 nm
- 37 - Tabl
Ex.1 Ex.2 Ex.3 Ex.4 Ex.5 Ex. 6 Ex. 7 69. 7
68. 5 70.3 68.9 79.9 73.5 69. 6 Rerr} .B4 0.31
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Rlerr] ([err]/[err]) 340 360 390 850 120 80 340

Adhesi on test No No No No No No Sl i ght

after constant peel - peel - peel - peel- peel- peel- peel- tenperature
and i ng i ng i ng ing - ing i ng ing constant humdity
t reat ment -3 - Table 4

Ex. 8 Ex. 9 Ex. 10 Ex. 11 Ex. 12 Ex. I3 Ex. 14 T[eprrt—t9% -

71.6 66.6 69.1 69.6 69.4 68.0 71.2 Rerr QEBLACEMENT SHEET

1.13 0.61 0.33 0.28 0.23 0.27 0.37 Rerr] [Terryrieriy

1540 360 350 301 316 476 10K Adhesi pn tqsqFEB-sgs
5 t t

No No PeEIG'HaRE 3>eel - Peel- Peel- after cpn

peel - peel - i ng i ng i ng i ng i ng

over over over over over tenperature and _ i ng

i ng t he t he t he t he the constant hum.di Ty

entire entire enti @ remtiTeentiTetTeatTeNt ar ea
area area area Jarea - 38 -
According to the pregent invention, an organic substrate provided with
a light absorptive aptireflection filmexcellent in durability}lcan be
formed with a sinple filmstructure without nmaking the total fifl m

t hi ckness so

REFLECTANCE (%)
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5 thick. -~ Further, according to-thespresent invention, an

organi ¢ substrate provided with a |ight absorptive antireflection film
havi ng col or shadi ng reduced, can be obt ai ned i nexpensively. 10
Further, by enploying a sputtering nethod as a film form ng net hod,
there will be merits such that the - @racess wll be stable, and film:
“formation on a | arge area i s easy, Which together with the

above-nenti oned features make it possible to produce an organic
substrate 15 provided with a |light absorptive antireflection filmat a

| ow cost. Furthernore, the organic substratQ‘HEpvrded—mrfh-&-‘
| i ght absorptive antireflection filmof the present LAGEMENT SHERE S good
adhesion of the filns and is excellent 20 in the dugapility, and br Eby

the color shading is reduced. Thus, it has durapi{ity{FEE ®og i{V
practically sufficient for use in front of a di§p}ay.
- 39
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CLAMS: 1. An or gani ¢ substrate prqui de Ilmlll “lﬂ! $l iﬂ orptivg%m{‘”"]’
antireflection film which conpri. ses an ~org , and a |ight

absorbi.ng -fil mand a |ow refractive index fil‘mformed in this order on

t he substrate, to reduce reflection of incident light from t he | ow
refractive index filmside, wherein the organic substrate has a

pl asma-treated surface, and a | ayer ek essentially of at-|east one
menber sel ected fromthe group consisting of silicon, a silicon nitride,
a silicon oxi de and a silicon oxy-nitride, is formed between the

pl asma-t r edfed Ehnb@rgaue substraieepravifed with; 3 ligha isstireflesgion film |agcording toThe
organi ¢ subgtrat owded with a.l absortlv antirefl film
accor di ng ?ﬁ S S%SP%@W@S@MWQ? o F"I“F?'l )‘ﬁrc‘l§ %@e@% nm ght
absor bi ng f|Im|s from2 to 20 nm . The organi c substrate provided
with a |ight absorptive anti reflectlon filmaccording to daim1l or 2,

hieride of il GYeARe himate Brdfialy Wikl a R, HrcBfecaof SR MdbrithePlo

titani um Gla!iﬁo'ﬂy'%lféiém said hard coat layer is an acrylic resin containing particles
selected from the group consisting of antimony (V) oxide, titanium (IV) oxide,
yttrium (IIT) oxide, zirconium (IV) oxide, tin (IV) oxide, indium-tin oxide (ITO),
lanthanum (I oxide, aluminum () oxide, zinc () oxide, and cerium (V) oxide.
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haf ni um 4. The organic substrate prOV|dtﬂu mm‘ ““t uﬂbsorptlvelfbo -1

.antlreflectlon filmaccording to Claim1 absorbing film
rs a f|In1cpnta|n|ng gol d or copper or a conblnatlon t her eof .

- 40- 5. The organic substrate provided with a-l:i ght absorptive

antireflection filmaccording to any one @9 - Clainms 1 to 4, wherein the

) Iom/refractive index filmis a filmconsisting essentially of a silicon
oxi de. EE%F&% gani c substrate provided with a |ight .absorptive
antlreflectlon according to any one of Claims 1 to 5 wherein a

geonetrical filmthic l%}a%%lcg ubstrtd viGE e i13ldnt Absdrpened

one nenber .selec on1t e group consisting of silicon, a silicon

nitride, a sil 'a%‘%rlr%l‘é%tg.% F3i3nl,| GHL I \eoMPriges drd orgardie®m 0.5 to 10
nm 7. The organi ¢ substrate prOV|ded with a |ight absorptive

antireflection ghyngPraGeqr ‘i'rﬁ‘ﬂat Qiyht Avscrbing £f3lx andl & Adw wherein the
| ayer nade essentially of
refractive lndex film formed in this order on the
substrate, to reduce reflection of incident light from
the low refractive index £ilm side, wherein the organic

substrate has a plasma-treated surface, and a layer

made essentially of at least one member selected from the
group consisting of silicon, a silicon nitride, a silicon
oxide and a silicon oxy-nltrlde, is formed between the
plasma-treated substrate surface and the light absorblng
£ilm.
2. . The organic substrate providgd_with a light
absorptivé antireflectibn.film acéording to Claim 1,

- wherein a geometrical film thickness of the light
absorbing film is from 2 to 20 nm.
3. The organic substrate provided with a light
absorptive antireflection film according to Claim 1 or 2,
wherein the light absorbing film is a £ilm consisting

_ essentially of a nitride of at least one metal selected
from the group consistihg.of titanium, zirconium and

hafnium.

4. The organic substrate provided with a light absorptive antireflection film
according to Claim 1, wherein the light absorbing film is a film containing gold or

" copper or a combination thereof.
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< Ticon ni Ur1de; asilicon Li’f“dfehingr 2 61 ||leﬁ |||’||l\ﬂ[|l| I R aewgay sveer

: nade essentially of a silicon nitride. . The organic ‘u strate
- provided with a |light absorptive antireflecti on filmaccording|t¢ @ 4iFER 1999
wherein an antioxidation | ayer made essentially of a silicon nRifride or an

alumnumnitride or a conbination thereof? 0i% formed in a geongt rrecar—fTTm
t hi ckness of fromO0.5 to 20. nm bet ween . t he | i ght absorbent film and the | ow
refractive i ndex fThenorgandc substrahmi provbdedawathravidghtwiih a 11 ght
absorptive antireflection filmaccording to any one_of

- 41 - G%Pﬁm%rﬂt’c‘tﬁ sanmh@efe}ﬂcwenoﬁgbwécgebéwatbo any @pgeosf
pol yet hyl ene tere | at e or - car ona The, organi¢c_substrate
provi ded vvithé ’ro "b%o‘?'pt‘r' Ef"li:BY’i ﬁfF?FH‘éechégﬁgfikMd-a.ﬁq 1,

wherein the or strate a, h coat a r forned,on a substrate.
11. The orga $ ?ﬁo h?iﬂy °$ 5h§ bgg?p?¥§geant|reflect|on

filmaccording to ﬁ@' &&Qméé‘hgﬁﬁéQréeeaB%WESdV@LHﬁ g 12gfi 1 ference

bet ween a
absorptive antireflection film accordihg to any one of -

Claims 1 to 5, wherein a geometrical f£ilm thickness of
the layer made esseqtially of at least one member
selected from the group Consisting of silicon, a silicon
nitride, a silicon oxide and a silicon oxy-nitride, is
from 0.5 to 10 nm. |

7. The organic substrate provided with a light
absorptive antireflection film. according to any one of
Claims 1 to 6, wherein the layer_méae’essentially of at
least 6ne member selected f:om.the group consisting of
silicon, a silicon nitride, a silicon oxide and a silicon
oxy-nitride, is a layer made essentially of a silicon

"nitride.

8.  The organic substrate provided with a light' absorptive antireflection film
according to Claim 1, wherein an antioxidation layer made essentially of a silicon
nitride or an aluminum nitride or a combination thereof, is formed in a geometrical
film thickness of from 0.5 to 20 nm between the light absorbent film and the low

refractive index film.

ji. The organic substrate provided with a light

absorptive antireflection film according to any one of



refractive index of the organic subst;ratHe_U ﬁ m " Um i ndex_of the
hard coat |ayer is at nost 0.05. 12. | \ sam at e mmy\ggﬂw

i 1
a light absorptive antireflection filmaccording to C'aim, ISIHEET
| ow refractive index filmhas a refractive index of at nost 1 wth an
optical filmthickness of from60 to 110 nm _ 13. The orga s FEBt 1999
provided with a |ight absorptive antirefTettion film accordi o Claiml1l2,
wherein the low refractive index filmhas a refractive index jof at nost
1.50, with an dpkainrs lhtekBeskhereinohhgoorgando swbstrave Me organic

substrate provided with a light antireflection filmaccording to daiml1,
wherei n sai d | i fgladezof | palyethylengrterephthalate or pokysarbomste: pti on of from 10 to
35% 15. The organic substrate provided with a light antireflection film
according to Caim1, wherein reflectance of incident light fromthe | ow
refractive index filmside is at nost 0.6%in a wavel ength range of from

430 to 650 : : : . - . : =

The organi c@g}ubsﬂlgt%rgglru gvfu(}%sg'a\;ﬁ £ ﬁo‘ng? g‘mthaan ligPtefaP %%Iiplngﬁ ﬁqrﬁqﬂg%%%? (ngﬁ'ﬁb
to O ai m 6, agdvetdRightcs @l4ind ¢ 0 Wieréigathe forginicyubkiaesh4sf a hardlcoayviayet formain
0.5to 5 nm 17.” The organic substrate provided with a |ight

antirefl ectbon@ subsmate;scording to Claim 11, wherein said hard coat |ayer is
an acrylic resin containing particles selected fromthe group consi sting of
antinony (V) oxide, titanium (IV) oxide, yttrium (lll) oxide, zirconium
(I'V) oxide, tin gl\/) oxide, indiumtin oxide (1 TOQ, lanthanum (I1I1) oxide,
al uni num (1 111) oXihgeorganic spbstyate providednwithea ilight (absprpsivedantireflection film

according to Claim 10, wherein an absolute value of a difference between a
refractive index of the organic substrate and a refractive index of the hard coat layer

is at most 0.05.

12.  The organic substrate provided with a light absorptive antireflection film
according to Claim 1, wherein said low refractive index film has a refractive index
of at most 1.55 with an optical film thickness of from 60 to 110 nm.

13. The organic substrate provided with a light absorptive antireflection film
according to Claim 12, wherein the low refractive index film has a refractive index
of at most 1.50, with an optical thickness of from 70 to 100 nm.

| 14. The organic substrate provided with a light antireflection film according to
Claim 1, wherein said light antireflection film has a light absorption of from 10 to
35%.

15. The organic substrate provided with a light antireflection film according to
Claim 1, wherein reflectance of incident light from the low refractive index film

side is:at most 0.6% in a wavelength range of from 430 to 650 nm.
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16. The organic substrate provided with a light antifeflection film according to

Claim 6, wherein said geometrical film thickness of said layer is from 0.5 to 5 nm.

17. The organic substrate provided with a light antireflection film according to
Claim 11, wherein said hard coat layer is an acrylic resin containing particles
selected from the group consisting of antimony (V) oxide, titanium (IV) oxide,
yttrium (III) oxide, zirconium (IV) oxide, tin (IV) oxide, indium-tin oxide (ITO),
1authanum (I1D) oxide, aluminum (III) oxide, zinc (II) oxide, and cerium (IV) oxide.
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