1 TITLE OF THE I NVENTI ON Anti-Refl ection Fi | m BACKGROUND OF THECW@W&NQ(GNL~CJ
This invention relates to an anti-reflection filmas an optical film

deposited on a supporting layer and configured for having anti-reflecticnfﬁgf
properties and for preventing | eakage of el ector-nagnetic waves or
accunul ati on of static charges. DESCRI P ON OF RELATED ART Up to now, an
anti-reflection filmhas been extensively used in the field of optical or
octo-electrical application where it is desired or necessary to decrease

the refracITve ORAEHEOONMENGHNcal boundary between, for exanple, air and

gl ass. Exanpl es of such application include a canera lens, a platen for a
copyi ng maehinBefieedien §lidss for equi pnent, a panel for a cathode-ray

t ube and ot her di spl devi ces. Anong optical thin-filmcoatings, enployed

a
in a variBAGKGROUNBI PEallHiEn INVENILON here are a sole coating layer of a

fil mconposed of .nagnesi um fluoride, a dual | ayer coatin
P 8his gnventTon relates to an an%%—refaec

ig@igglm as an
optical film deposited on a supporting layer and configured for
having anti-reflection properties and for preventing leakage
of elector—-magnetic waves or accumulation of static charges.
DESCRIPTION OF RELATED ART

Up to now, an anti-reflection film has been extensively
used in the field of optical or octo—electrical application
where it is desired or necessary to decrease the refractive
index on an optical boundary between, for example, air and
glass. Examples of such application include a camera lens, a
platen for a copying machine, a cover glass for equipment, a
panel for a cathode-ray tube and other display devices.

Among optical thin—film coatings, employed in a variety
of application fields, there are a sole coating layer of a film
composed of magnesium fluoride, a dual layer coating which
minimizes the refractive index in a wavelength range, and a
multi~layer broad-range coating producing a low refractive
index over a broader wavelength range, such as a .visible range.

The dual-layer coating is now explained.

A dual-layer anti-reflection film, as disclosed in US
Patent No.4422721 {anti-reflection film A), is made up of at

least one layer of a low refractive index material, such as



m nim.zes the refractive index in a wavel ength range, and a nulti-I|ayer
broad-range coating producing a low refractive index over a broader

wavel engt h range, such as a visible range. The dual -l ayer coating is now
expl ai ned. A dual -layer anti-reflection film as disclosed in US Pat ent

No. 4422721 (anti-reflection filmA), is2made up of at |east one |ayer of a
| ow refractive index material, such as 2 magnesium fluoride, a thin
transparent |ayer of an electrically conductive high refractive index

mat er i al , msgedis hgm | Midkharide N Oxtitoin (4 NS pa cathn Lupeat ayadre edre dtirl canltliynony
oxi de. This dual-layer anti-reflection filmis nade up of the layer of |ow
refracti veondidekiveteighl rafidachd viehiimdexarmpteehal ) agechopst hpdium tin

el ectrically conductive high refractive index material, deposited in this

order on fKadsurfEFEObf gadmptmcastanmateater the Rafdmosyy tegideeciihisal |y
conductive nat?rial has  an . . .
dual-layer anti-reflection film is made up of the layer of low

refractive index material and the thin transparent layer of the
electrically conductive high refractive index material,
deposited in this order on the surface of an optical subst:ate.
The layer of the electrically conductive material has an
optical thickness of 1.0 to 30.0 nm, while the layer of the
low refractive index material has a film thickness correlated
with the thickness of the la&er of the electrically conductive
material for prohibiting deterioration of the layer of the
electrically conductive material.

The dual-layer anti-reflection film A, made up of a film
of low refractive index material and a high refractive index
material, ~ provides a directly electrically connectable
electrically conductive anti-reflection film which may be used
with advantage for a CRT or a copying machine.

An dual-layer anti—-reflection film, disclosed in US Patent
No.4732454 (anti-reflection film B), is made up of a
transparent substrate of a synthetic material, a hard scratch-
proof first layer deposited on the substrate, a second layer
of an electrically conductive material, intimately affixed to
the first layer and formed by vacuum deposition or sputtering

by high frequency discharge at a temperature lower than 150 C



optical thickness of 1.0 to 30.0 nm while the layer of the |low refractive
i ndex material has a filmthickness correlated with the thickress of the

| ayer of the electrically conductive nmaterial for prohibiting deterioration
of the layer of the electrically conductive material. The dual -1 ayer
anti-reflection filmA nmade up of a f8lmof lowrefractive index materi al
and a high refractive index material, provides a directly electrically
connectabl e electrically conductive anti-reflection filmwhich may be used

wi th advanhaghef preseflé of axgeRY L JIMEMAE. a Abhdbal 1haY¥er formed of a
anti-reflection film disclosed in US Patent No.4732454 (anti-reflection

filmB), ineteadelupha¥ingt raantpacentrefiasttate dhdexsyvhhet ithatatef i ahe a
hard scratch- proof first |ayer deposited on the substrate, a second | ayer
of an el e€EFLPES IhpYedhcrd | et imateilal afifixiedattet ythd f sgedndolabierfi Mie

| ayer and forned by vacuum deposition or sputtering by high frequency

di schar geSE€°%2% dfF&Tathf & MRt sehant 1E¥TEr pp dts ingredient.

The anti-reflection film B can propagate light and can be
coated on a protective layer of a synthetic material so as to
serve as an anti-reflection film suitable as a filter with
respect to elector-magnetic waves emanating from the CRT
filter.

The above anti-reflection film A leaves much to be desired
in that it is lower in electrical conductivity and in
reflection inhibiting ratio over a wide fregquency range.

Similarly to the anti-reflection film A, the above anti-
reflection film B leaves much to be desired in that it is lower
in reflection inhibiting ratio over a wide frequency range.

If the antifrefleotion film low in electrical conductivity
is attached to a panel for CRT, it has only little effect in
preventing static charges or inhibiting an output of elector—
magnetic waves from being outputted from a CRT panel.
SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide an anti-reflection film having high electrical
conducfivity and high reflection inhibiting ratio in a broad

frequency range.

An anti-reflection film according to the present invention



3 in the presence of oxygen atons and a third |layer formed of a materi al
having a | ower refractive index than that of the second | ayer and
intimately affixed to the second | ayer. The second | ayer is conprised of
INTO as its ingredient. The anti-reflection film B can propagate |ight and
can be coated on a protective |ayer of%a synthetic material so as to serve
as an anti-reflection filmsuitable as a filter wwth respect to

el ect or-magneti c waves enanating fromthe CRT filter. The above

ti-reflgcti t9.be desired hgt it
ol et 11 catsbongtar B Fye SRH T REVEPPER AR TakeRe i W PR 8T er R g
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reflection fil | eaves nmuch to be desited in that it i's | ower
reflecti oonenBiEbtheNPayabsOtRYEr i 8 ¥ 88e f I €5ULNEYL S Bt Hyélhels formed

anti-reflection filmlow in electrical conductivity is attached to a panel

for CRT, bff has ebéytrithlleyeldariudtive material capable of absorbing
light, while the remaining second layer is formed of a material
having a refractive index not higher than 2.0. If the first
layer has the refractive index and the extinctibn coefficient
for a shorter wavelength i of n+ and k+, respectively, and the
refractive index and the extinction coefficient for a longer
wavelength i of nr: and k., respectively, n+ is larger than n:
and kv is smaller -than kr (nv > nr and kv < k:).

If the first layer is generated in the presence of oxygen
with an oxygen partial pressure Qf not more than 50%, the
amount of generation of oxides may be reduced for reducing
deterioration in electrical conductivity.

According to the present invention, 'there is provided an
anti-reflection film having high electrical conductivity and
high anti-reflection effect over a wide frequency range despite
its simplified structure, thus prohibiting static charges or
elector—-magnetic waves from being outputted from an optical
substrate on which is affixed the anti-reflection f£ilm.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l illustrates essential portions of an anti-reflection

film embodying the present invention.

FPig.2 is a graph showing an example of an admittance



preventing static charges or inhibiting an output of elector- magnetic °*
waves from being outputted froma CRT panel. SUMVARY OF THE INVENTION It is
thérefore an object of the present invention to provide an anti-reflection
fil mhaving high electrical conductivity and high reflection inhibiting
ratio in a broad frequency range. An anti-reflection filmaccording to the
present invention 4 has two nmutual ly neighboring | ayers which are
deposited direectly or via a hard coating | ayer on a supporting |ayer. One

of the | ayghLg ik oirs qll%%ecrrattqr?g St%’étééi@ch@ﬂér r$nk@pTRd o2f 142 first
electrically conductlve mat eri al capabl e of absorbing light, while the

remai ni ng1ageand  ates dst {-oréPleot iannetien ahowayviing wigef ractive i ndex

not higher than 2.0. If the first layer has the refractive index and the

extinction coefffiggi®ntis a graph showing an admittance diagram of a
conventional Ti0:-Si0: anti-reflection film.

Fig.4 is a graph showing an admittance diagram'of an
INTO/Au-SiO: anti-reflection film embodying the present
invention.

Fig.5 is a graph showing the relation between the
refractive index or the eitinction coefficient of the first
layer of the anti-reflection film and the wavelength.

Fig.6 is a graph showing an admittance diagram for the
wavelength 1 of 405 nm of a TiNx(W)—-SiO: anti-reflection film
embodying the present invention.

Fig.7 is a graph showing an admittance diagram for the
wavelength 2 of 546 nm of the TiNx{(W)-SiO: anti-reflection film
shown in Fig.8.

Fig.8 is a graph showing an admittance diagram for the
wavelength 2 of 633 nm of the TiNx(W)—-8i0: anti-reflection film
shown in Fig.G;

Fig.9 is a graph showing an admittance diagram for the
wavelength 1 of 405 nm of a ZrN:0y-8iO: anti-reflection film
embodying the present invention.

Fig.10 is a graph showing an admittance diagram for the

wavelength . of 633 nm of the ZrN:0y~SiO: anti-reflection film

shown in Fig.9.



for a shorter wavelength [err] of n[err] and k[err], respectively, and the
refractive index and the extinction coefficient for a | onger wavel ength
[efr] of nr and kr, respectively, n[err] is larger than nr and ky is
smal l er than kr (n[err] > nr and k[err] < kr). If the first layer is
generated in the presence of oxygen witlg an oxygen partial pressure of not
nore than 50% the anmount of generation of oxides may be reduced for
reduci ng deterioration in electrical conductivity. According to the present

| nvent i on, therl?ggj.i1%9%9'%‘2%??16%{]%‘152; fat EQ@lEE%%@%‘éB?g 10 1§}, €84 b cal

conductivity and high anti-re I on ect over requency range

despite i hntg-HRifiiklcd ont FYGhUERLolPYRPLABI BirbisBa tStRlvieh tAa 08 Hound
el ector-magneti c waves from being outputted froman optical substrate on
which is afyf icelcuhetoorig:refl ection film BRI EF DESCRI PTI ON OF THE

DRAWNGS Fig.1l illustrates essential portions of an anti-reflection film

enbodyi ng the prigsel®? iswvengrsph Shgwings taegrapnshont agcanoexahpl #idk-an
adn]ttanc%ﬁﬁh anti—refleetion film of Fig.1l1, as found by calculations.

Fig.13 is a graph showing the reflectance of the TiNy-SiO:
anti-reflection film of Fig.11, as found by measurements.

Fig.14 is a graph for illustrating the relation between
the reflectance and a distance between the refractive
index/extinction coefficient on the low range side and the
refractive index/extinction coefficient on the high range side
for the anti-reflection film according to the present
invention.

Fig.15 is a graph showing the reflectance of the TiNx(W)-—
Si0; anti-reflection £ilm embodying the invention.

Fig.186 is a graph showing the transmittance of the
TiN<(W)—-8i0;: anti—~reflection film of Fig.15 the wavelength, as
found by calculations.

Fig.17 is a graph showing the reflectance of the TiNx(W)-
Si0: anti-reflection film of Fig.15, as found by measurements.

Fig.18 schematically shows an example of application of
the anti-reflection film embodying the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, preferred embodiments of the

present invention will be explained in detail.



5 diagramfor illustrating the selecting principle of the first |ayer of
the anti-reflection filmshowm in Fig.l. Fig.3 is a graph show ng an

adm ttance diagram of a conventional Tierr]-Sierr] anti-reflection
film Fig.4 is a graph showing an adm ttance di agram of an I NTQO Au-Si J err]
anti-reflection filmenbodying the presegnt invention. Fig.5 is a graph
showi ng the relation between the refractive index or the extinction
coefficient of the first layer of the anti-reflection filmand the

Lenath. Fi @b i Swas i i t ' hen
wavel eng I@rkfb,IﬁnalgEél?flfe%falQ‘_%an%fs\?@gﬁg &?f&@tg&agi d¥ed ?ﬁ the

wavel ength [err] of 405 nm of _ _ err| ‘anti-reflection
enbodyi ng suref qyeesEMtan AR EON. sdrb gt Faké 2o aRRIBHAWING aheAHRIIPNCEr

di agram for the wavelength [err] of 546 nmof the TiNerr](W-Si Jerr]

anti-refl| edie omefilemteldovni gt Ffgof. the optical substrate surface and
exhibits electrical conductivity on the surface of the optical
substrate. Also, the anti-reflection film is deposited on a
flexible supporting 1layer of, for example, polyethylene
tgrephthalate (PET) so as to serve as an anti-reflection film
sheet which is bonded on a display surface, such as glass
surface, of a display apparatus comprised of a cathode ray tube
(CRT). Alternatively, the anti-reflection film is directly
deposited on the display surface at the time of manufacture of
the CRT°of the display apparatus for suppressing the glaring
reflected light from the display surface or suppressing
emission of elector-magnetic waves or static charges to a
_minimum, In addition, since only two thin—-film layers suffice,
the anti-reflection film takes only a small amount of material
and can be furnished at a low cost.

The anti-reflection film of the present invention has two
features, namely that it exhibits anti-reflection
characteristics using a light-absorbing material with the
refractive index n and the extinction coefficient k, and that
optical characteristics in the wavelength range are thereby
broadened thus enabling a broader wavelength range for the
anti-refection film with a smaller number of component films

than with the conventional multi-layer film.



Fig.8.is a graph showi ng an adm ttance di agramfor the wavelength [err] of
633 nmof the TiNNerr](W-SidJerr] anti-reflection filmshow in Fig.6.
Fi*g. 9 is a graph showi ng an adm ttance di agram for the wavel ength [err] of
405 nmof a ZrNerr]err]-Sierr] anti-reflection film enbodying the
present invention. Fig.10 is a graph s@éowi ng an adm ttance diagramfor the
wavel ength [err] of 633 nmof the ZrNJerr]Jerr]-Siderr] anti-reflection

filmshown in Fig.9. 6 Fig.ll is a graph showing the reflectance of the

T'N[err]'SiC{?FQ]a@BLELEQER §5éH1{14{q P@Ogﬂbﬂgrkﬂﬁgpﬁg?ﬁy I EIEd oy as

found by cal cul ations I's a graph show e transmttance of the
TiNerr]a §|ugp%rr"r,]m§m1hy69f €t bag fnhlemaﬁftlEtrgfléctas;ef UNGh BYs made up

calculations. Fig.13 is a graph show ng the refl ectance of the

TiNlerr] ofi @ €rinkt layer 1 and a second layer 2, looking from the side
closer to the supporting layer 11, as shown in Fig.1lA.
Alternatively, a hard coating, or a hard coat layer 12, is
first formed on the supporting layer 11, and a first layer 1
is formed on the hard coat layer 12, as shown in Fig.1B.

Among the conditions of selecting the first layer 1 are
low cost, high adhesion to the surface of the optical
substrate, high durability, low stress, and an adjustable
optimum refractive index n or éxtinction. coefficient k. Among
the conditions of.selecting the second layer 2 are low cost,
low refractive index, low stress, hardness and high durability.

As a principle of the present embodiment, optimum optical
characteristics will be explained using the principle of the
admittance diagram.

The optical admittance is generally given as a complex
number. If units are selected appropriately, the real part may
be numerically equated to-the refractive index n of the space
or a substance allowing passage of light, while the imaginary
part may be numerically equated to the extinction coefficient
of the above space or the substance.

In addition, each point representing admittance follows
the admittance diagram as later explained, and is

characteristic of the substance employed, while being dependent



anti-reflection filmof Fig.1l1, as found by neasurenments. Fig.14 is a graph
for illustrating the relation between the reflectance and a di stance

bet ween the refractive index/extinction coefficient on the |ow range side
and the refractive index/extinction coefficient on the high range side for
the anti-reflection filmaccording to the present invention. Fig.15 is a
graph showi ng the reflectance of the TiNerr](W- SigJerr] anti-reflection
filmenbodying the invention. Fig.l6 is a graph showing the transmttance

of the Ti beerbk WhriSlas lo £l T 5beehhon LELULGLLE §y19 fgie, vevel ength,

as found by calculations. Fig.17 is a grap ow ng the“reflectance of the

TiN[err] (W- Sr@eernrlsrasdd -4 hamlik@Rnlle MfgFm- 4P, Tan.f QHAASRY, on a
measurenents. Fig.18 schematically shows an exanple of application of the

anti -ref | gdiisen sutlsthratodys NMptde Pxpiehhednvent Fag.. 2DESCRARA| NdSh obldE
PREFERRED ENMBODI MENTS Referring to the drawi ngs, preferred enbodi nents of
t he presetths negfroativeél badexpl anded ext idettaidn coefficient for a
wavelength A = 450 nm, respectively, while n: and k. denot® the
refractive index and extinction coefficient for a wavelength
2 = 650 nm. The loci of movement of the admittance values pass
through a point (1.52, 0) on the glass substrate on the real
axis so as to be converged with increased film thickness at
points (nv, -kv), (Dr, —k:).
For TiNx, . a curve 21 passing through points (-n+, k+) and
(nv, -kv) and the aforementioned pre-set point (1.52, 0)
represents the above admittance diagram for w wavelength i =
450 nm. On the other hand, a curve 22 passing through points
(-nr, k:) and (n:, -k:) and the aforementioned pre~set point
(1.52, 0) represents the above admittance diagram for w
wavelength 2 = 650 nm.
On the other hand, the admittance diagram for 8i0O; is
obtained as a curve 23 which is a circle with a radius of 0.56
and with a center at ((1.48% + 1)/2,0) = (1.56, 0).
In forming a duil-layer film, the locus of movement of the_
admittance may be formed by combining curves 21, 22 and 23.
Fig.3 shows an admittance diagram of an anti-reflection
film in which the first layer is a film of titanium dioxide

(TiO:) and the second layer is a film of silicon dioxide (SiO:)



7 The.anti-reflection filmis directly deposited on the surface of an
optical substrate for dimnishing the anount of the reflected |ight from
t e optical substrate surface and exhibits electrical conductivity on the
surface of the optical substrate. Also, the anti-reflection filmis

deposited on a flexible supporting | aygy of, for exanple, polyethylene
terephthal ate (PET) so as to serve as an anti-reflection filmsheet which

i s bonded on a display surface, such as glass surface, of a display

appar at usteomgd | s d-adata. ddddroelei Yay Tite iCRILgheA tiar mafiraeltyyvet hedex,
anti-reflection filmis directly deposited on the display surface at the
tinme of nehblactiie dfs t heweRT iaf refracspiay igpear asnd flerasyppiessildg t he
glaring reflected light fromthe display surface or suppressing em ssion of
el ect or - nhBhEKPESRaFBeDoTiat i ¢ charges to a mininum In addition, since

only two thi”'%%é?&'?ﬁ%&i %%fgu%%ttance diagram of the anti-reflection
film of the dual-layer film (Ti0.-SiO:) for incident visible
light beams with wavelength A of 450 nm, 550 nm and 650 nm. For
example, for the wavelength 1 = 450 nm, the locus of movement
when the light passes through TiO: is denoted by the locus of
movement beginning at near n = 1.52 and ending at a point a
lying at a one—o’clock position, while the locus of admittance
when the light passes through S8i0: is denoted by an arc locus
of movement beginning from the point a and ending at a point
a’ lying at a 10-o’clock position. For the wavelength 1 = 5§50
nm, the locus of movement when the light passes through TiO: is
denoted by-ﬁhe locus of movement beginning at a starting point
and ending at a point b, while the locus of admittance when the
light passes through Si0O: is denoted by a iocus of movement
beginning from the point b and ending at a point b’. Similarly,
for the wavelength 2 = 650 nm, the locus of movement when the
light passes through TiO: is denoted by the locus of movement
beginning at a starting point and ending at a point ¢ while the
locus of movement of admittance when the 1light passes through
8i0; is denoted by a locus of movement beginning from the point

¢ and ending at a point c¢’.

As may be seen from the admittance diagrams of the (TiO:-



the anti-reflection filmtakes only a small anpbunt of material and can be
furnished at a low cost. The anti-reflection filmof the present invention
has two features, nanel y t hat it exhibits anti-reflection
characteristics using a light-absorbing. material with the refractive index
n and the extinction coefficient k, and %ﬁat optical characteristics in the
wavel engt h range are thereby broadened tnus enabling a broader wavel ength
range for the anti-refection filmwith a smaller nunber of conponent filns

than with gt )cantertriednale vndrd ird BYers {héd the Jbgtaﬁe‘éeoqfe%'v%%%t of
fl exi bl e supporting layer is used as a supporting layer 11, and t

anti -ref | ¢dtd Medhus mfi sovesdentp odf thef i bgnikayace lwnsd &h%eQQ%%tIQMﬁgsé%
| ooking fromthe side closer to.the supporting layer 11, as shown in
Fig. 1A, Altharongh idley fixstapndcsationd, falma Bafdecoawilthy ehelavied drigtt
formed on the supporting layer 11, and a first layer 1

of the incident light, the coordinates of the end points a’

b’ and ¢’ of the respective loci of movement are not constant.
From this it may be said that, if the wavelength of the
incident 1light is varied, the optical film thickness QWOT
{quarter wave of optical +thickness; an optical thickness
represented with 1/4 as a unit) of the TiO;—SiO: is changed.
That is, if the light having a wavelength from 450 to 650 nm
is incident, it méy be predicted that there exists reflected
light depending on the wavelength, with the light volume being
correspondingly changed.

;n this respect, it is difficult with the anti-reflection
film made up of the dual-layer film to prevent reflection of
light of a broad wavelength range, such that improvement is
desired.

In an embodiment of the present invention, the above-
mentioned first layer is made up of indium tin oxide (INTOQO) and
gold (Au) and the second film is formed of SiO.. Fig.4 shows an
admittance diagram of this INTO/Au-8iO: anti-reflection film.
The first layer is constituted so that the refractive index nn
of INTO and the refractive index m: of gold Au account for 60%
and 40%, respectively, of the refractive index of the first

layer, that is so that the refractive index ni: of the first



is formed on the hard coat |ayer 12, as shown in Fig.1B. Anong the
conditions of selecting the first layer 1 are | ow cost, high adhesion to
the surface of the optical substrate, high durability, |low stress, and an
adj ustabl e optimumrefractive index n or extinction. coefficient k. Anong
the conditions of selecting the secondldayer 2 are | ow cost, |low refractive
i ndex, |ow stress, hardness and high durability. As a prlnC|pIe of the

pr esent enbodinent optimum optical characteristics will be explained using
t he princ{ | e of, t he adnlttance diagram T op ti.cal adm ttapc

general |l y gY@En 1% A cBmM - huifodt-4e - uni afé‘?é'fl ekt Eu" Baﬁo;ﬁ fidpy,
the real b i gqu t ef t dex_n._of the
space or gﬁgé% d%é%farfgﬁnﬁgém %saggé ? ?@gﬁ?ﬁlf {ﬁg %gg?hg ?n ?§ %grt

may be nuge;igﬁlkﬁl@gggﬁng@3tgg%eg§é$§1é0n7§ogf£hC|ent of the above space

or the substance i tion, each point representing admttance follows

the admttangge mbeEHAMof AFindiHELl theeXRiRiB€dnce a0dagrd® is now
characteristic of the substance enpl oyed, while being dependent

explained. In a multi-layer film, the effect of the respective

layers is represented by the following equation (1):

(1)
where & = 2xNdcose/x.

In the above equation (1), N in the equation for & (s =
2xNdcose/2) denotes complex refractive index and is represented
by N =n - ik where n and k represent the refractive index and
the extinction coefficient of each layer, where i is an unit

- of an imaginary number, with i? = -1. That is, N is a value
corresponding to the optical admittance y. On the other hand,
6 is an angle of incidence w?ich becomes equal to zero for
vertical incident 1light (8 = 0), while d denotes a film
thickness. -

For obtaining the combined admittance of the multi-layer

film in its entirety, calculations of the following equation

(2):



9 on tshe thickness of the substance traversed by light. Fig.2 shows an
admttance diagramof TiNerr] .and SiJerr] on a glass substrate as |ater
explained. In Fig.2, n[err] and k[err] denote the refractive index and
extinction coefficient for a wavel ength [err] = 450 nm respectively, while
nr and kr denote the refractive index &Ad extlnctlon coefficient for a
wavel ength [err] = 650 nm The loci of novenent of the adm ttance val ues
pass through a point (1.52, 0) on the glass substrate on the real axis so

as to be converged with incr sed f|In1th|ckne S at oints (nferr],
-k[err]), (nr, -k[err]) . %ﬂtlm gre I, KW@ passing t hrough points
(-n[err], k[err]) and (n[err] k[efﬁ]bmand” e, ment i oned pre-set
point (1.52, 0) represents the above admttance dlagran1for w wavel engt h
[err] = 450 nm On the other hand, a curve 22 passing through points

(-n[err], k[err]) and (n[err], -k[err]) and the aforenentioned pre-§§5
poi nt T

are performed.

In the equation (2), ym denotes the admittance of the
substrate. The combined optical admittance or combined
admittance is found by Y = C/B.

Returning to the anti-reflection film of the dual-layer
film (ITO/Au-Si0:), the ITO-Au layer constituting the first
layer is a metal layer with a gold color admixed with an
electrically conductive oxide and which exhibits different
light absorption depending on the wavelength 1 of the incident
llght The admittance describes loci of movement different as
far as the points d, e and f for the wavelengths‘x = 450 nm,
550 nm and 650 nm, "as shown in Fig.4. The points d, e and f.are
located at respective different positions and are varied
depending on physical properties of the first layer, such as
the type of the materials used for the first layer or the
thickness of the first layer, or the wavelength of the light
incident on the first layer.

The locus of movement of the admittance of the SiO: layer
are from the points d, e and f to the point g. The point g is
(1, 0), from which it is seen that the (ITO/Au—éiOz) anti-

reflection film has an admittance which goes to 1, that is,



(1.52,. 0) represents the above admttance diagramfor w wavelength [err] =
650 nm On the other hand, the admttance diagramfor SiQ2 is obtained as a
curve 23 which is a circle with a radius of 0.56 and with a center at
((1.46[err] + 1)/2,0) = (1.56, 0). In formng a dual-layer film the |ocus
of nmovenment of the admittance may be fopged by conbining curves 21, 22 and
23. Fig.3 shows an adm ttance diagramof an anti-reflection filmin which
the first layer is a filmof titaniumdioxide (TiJerr]) and the second
layer is e&dmphebélyi liinddibidioxirde 1eSitGoer,r ] o mallieer whdca Wwawalength
Meanwhile, TiQerr] is higher in refractive index, while Sigerr] is |ower
in refnmn?qngﬁrm%xahnhe#&FgéhelNlﬁmhhqrhmﬂﬁ€§§tinnud?ﬂ}eth?reﬁng 3 shows
an admttance g$a gram of the anti-reflection filmof the dual-layer film
(Tigerr]-Sig W]frF&nq%déhtlsw%’rW’é layer as the light absorbing

layer, and by determining the physical properties of the first
layer based on the admittance diagram of the second layer, an
anti-reflection film is realized which is made up only of the
first and second layers andlﬁhich substantially completely
prohibits reflection of light in the visible range.

If the conditions of the materials constituting the first
layer are selected so that the admittance diagram shown in
Fig.2 can be delineated, that is if the shorter wavelength side
and the longer wavelength side of selected two wavelengths are
denoted aé wavelength i and i, and if, in the above first
layer, the refractive index and the extinction coefficient for
the wavelength A+ are denoted as nv and kv, respectively, while
the refractive index and the extinction, coefficient for the
wavelength i are denoted as nr and k., respectively, the
relation between the wavelength i and the refractive index n
is represented by a straight 'line having a negative gradient,
as shown for example at A in Fig.5, while the relation between
the wavelength a1 and the extinetion coefficient k is
represented by a straight line having a positive gradient, as

shown for example at B in Fig.5. That is, the following

inequalities (3):

he > nr and ky < Nr



l'i ght .beans with wavel ength [err] of 450 nm 550 nm and 650 nm For
exanpl e, for the wavelength [err] = 450 nm the | ocus of novenent when the
| i'ght passes through Tierr] is denoted by the | ocus of novenent begi nning
at near n = 1.5 and ending at a point a lying at a one-o0'clock pesition,
while the | ocus of adm ttance when the is ght passes through Sierr] is
denoted by an arc |ocus of novenent beginning fromthe point a and endi ng
at a point a' lying at a 10-0'clock position. For the wavelength |{err] =
550 nm the | ocus of novenent when the |ight passes through Tigerr}aqks
denoted by the | ocus of novenent beginning at a starting point and endi ng
at a pointgde, il e the locus of admttance when the |ight passes through
Sigerr] is denoted by a | ocus of nmovenent beginning fromthe point b and
ending at a poiMMe rela3idn aéywedQr thbewaaeelenrgbh [ and] the63@ fAc dihe
| ocus of novenent when the |ight passes through TiOQ2 is denoted by the
| ocus of nidmrent bedi thiarkg beitwe et athe ngapeil angdhdrenddnghat extdgattian
while the | ocus of novenent of adm ttance when the |ight passes through
Sigerr] ievafdisti@ntbk acedcootobendiogent apeghonnngtfAopmd B pot niig- fand
ending at a.point c'.

it being only sufficient if the relation of the inequalities

(3) are met.

Among other materials satisfying the inequalities (3) are

gold (Au), copper (Cu) and titanium nitrides {TiN«), where x >

0.
TABLE 1
refractive quenching i
index [n] coefficient [kl
_ 450 nm ny = 1.4 ke = 1.8
Au
650 nm n. = 0.15 kr = 3.2
450 nm nye = 1.2 ke = 2.4
Cu )
850 nm nr = 0.21 kr = 8.7
450 nm ne = 2.4 ke = 1.2
TiNx
650 nm ne = 1.7 ki = 1.8 i

The first layer may be constituted by a titanium nitride
(TiNx), zirconium nitride (ZrN:) and a mixture of titanium
nitride and zirconium nitride, where x > 0.

The first layer may also be constituted by at least one
of titanium oxynitrides (TiN:Oy), zirconium oxynitrides (ZrNxOy)

and a mixture of titanium oxynitrides (TiNxOy) and zircopium



As may. be seen fromthe adm ttance diagrans of the (TiJerr]- SidJerr])
anti-reflection film since the distance of novenent of the | ocus of
novenent of the adm ttance when the |ight passes through the first and
second films differs with the wavelength [err] of the incident light, the
coordi nates of the end points a', b' ahk® c' of the respective |oci of
novenent are not constant. Fromthis it may be said that, if the wavel ength

of the incident light is varied, the optical filmthickness QAOT (quarter
wave of opPF¥¥BEtTHRERNdEEN:En opthere xh?cRnesd veprdsented with [err]/4 as

a unit) of the Tierr]-SiJerr] is changed. That is, if the |light having a
wavel ength f ron‘?f‘riS(fl t 51]"856 oAt nefdeiite PrefgPthel PYERLiPB tHat 2fhdie

bei ng-cor r E2psear hoflyELREREE e T3 anaTiats sl S SpeRSeRE
g][‘t i-reflegtipm gl Igp MedeURull AlEr 048! -¢AUEIWHY M ARVRAEY Sling SLLSCLAAN
introduced therein as impurities, as the first layer, and also
employing a film of SiO: as the second layer, is now explained
by referring to the drawings. For the first layer, preferably
0 ¢ x < 1. Figs.6 to 9 are admittance diagrams of the anti-
reflection film comprised of the dual—-layer film (TiNx{(W)-
Si0:). As for the first layer.(TiNxUN)), the proportion of
tungsten W to titanium Ti is set to 0.6 atom % by carrying out
sputtering with tungsten (W) bonded on titanium Ti used as a
target. The value of x is set by setting the partial pressure
values of argon Ar and nitrogen N: in a flow gas used for
forming the first layer by sputtering so as to be 87% and 13%,
respectively, for example.

Figs.6 to 8 illustrate the cases in which the incident
visible light beams have different wavelength values 1. That
is, Figs.6, 7 and 8 illustrate admittance diagrams for i = 405
nm, .2 = 546 nm and i1 = 633 nm, respectively. The anti-
reflection film constituted by this dual-layer film TiN«(W)-
Si0; is made up of the first layer TiNi«(W) with a film
thickness of 9.93 nm and the second layer SiO; with a film
thickness of 82.81 nm. sequentially deposited on a glass

substrate having a refractive index ne = 1.52 and the



| ight-of a broad wavel ength range, such that inprovenent is desired. In an
enbodi nent of the present invention, the above- nentioned first |ayer is
made up of indiumtin oxide (INTO and gold (Au) and the second filmis
formed of SiJerr]. Fig.4 shows an adm ttance diagramof this

INTO Au-Sigerr] anti-reflection film 3fhe first layer is constituted so
that the refractive index mof INTO and the refractive index n[err] of gold
Au account for 60% and 40% respectively, of the refractive index of the
first | ayéi'f,'f-iméitiqrs soefhatiehe nefracti véfi ndex 405 ofimt Hex fFists, th2

| ayer is n% rr] = 0.6n[err] + O0.4n[err]. The first layer has a film

t hi ckness® ra‘FGr“’éxa‘r?ﬁ}@‘ B @ nthahiexd imed iose e beienbska 6f| fhe

t hi ckness of exa 77.8 nm _The nmethod of finding the adm ttance
di agram i &* ﬁsﬁ/g§ﬁF5igga 2t R angy Pt 731 ajesPerthyelne WIEERAS of 1§ He = 546

reSpectiV@n in Fig.7, the refractive index m: and the extinction
coefficient ki of the first layer are 1.58 and 1.49,
respectively and, if a2 = 633 nm in Fig.8, the refractive index
n: and the extinction coefficient ki of the first layer are
1.16 and 1.74, respectively. As for the second layer, the
refractive index n: and the extinction coefficient k: of the
first layer are 1.45 and O, respectively, without regard to the
wavelength. In Figs.6 to 8, curves from point a to point b
represent the loci of movement of the admittance when the light
passes through the first layer TiN«(W), while curves from point
b to point ¢ represent the loci of movement of the admittance
when the light passes through the second layer SiOx.

In Figs.6 to 8, the reflectance R is 0.48%, 0.015% and
0.014% for the incident light wavelength i of 405 nm (Fig.8),
546 nm (Fig.7) and 633 nm (Fig.8), respectively. That is,
reflectance R is suppressed to a lower value without regard to
the wavelength range of the incident visible light. |

In the present modification, by using a light absorbing
layer as a first layer and by determining the physical
properties of the first layer based on the admittance type of
the second layer, an anti-reflection film is realized which is

made up of the first layer and the second layer and which



| ayers is represented by the follow ng equation (1): ........ (1) where
[err] = 2[err] Ndcose/[err]. In the above equation (1), N in the equation
for [err] ([err] = 2[err]Ndcos[err]/[err]) denotes conplex refractive index
and is represented by N=n - ik where n and k represent the refractive

i ndex and the extinction coefficient of8each | ayer, where i is an unit of
an i magi nary nunber, with iferr] = -1. That is, Nis a value correspondi ng
to the optical admttance y. On the other hand, [err] is an angle of,

i nci dence ST BEEDES 8aé8ﬂeﬁﬁdibrbp¢bPl§§rFFééPc'H&ﬂd%ﬂtthigﬁﬂ31Yf%rr]

= 0), while d deno a filmthickness. For obtaining the conbi ned
adnittancgﬁﬂg?rébéﬁﬁti-Iayer filminits entirety, calculations of the

fol l owing equatjon, (fhrtherlfodification, a dual-layer anti-reflection
ZrNxOy—~Si0Oz film made up of a first layer of <zirconium
oxynitride ZrN O, and a second layer of SiO: is explained by

referring to admittance diagrams of Figs.9 and 10. The first

layer ZrN«QOy, where 0 < x < 1 and 0 < y < 2, is formed of a

material having optical properties, which are now explained.
Figs.9 and 10 show admittance diagrams for x» = 405 nm and
for » = 633 nm, respectively. 1In the present modification, the
first layer (ZrNxOy) and the second layer SiO:; are deposited
respectively on a glass substrate with the refractive index no
of 1.52 and the extinction coefficientﬁko of zero, to film
thicknesses of 9.59 nm and 90.37 nm, respectively. For 1 = 405
nm of Fig.9, the refractive index ni: and the extinction
coefficient k. of the first layer .are 2.4 and 0.4,
respectively, whereas, for a1 = 633 nm of Fig.10, the refractive
index n: and the extinction coefficient ki of the first layer
are 1.72 and 1.75, respectively. As for the second layer, the
refractive index n; and the extinction coefficient ki are 1.45
and zero, respectively, regardless of the wavelength. In Figs.9
and 10, curves from point a to point b represent the loci of
movement of the admittance when the light passes through the
first layer ZrN«Oy, while curves from point't> to point ¢

represent the loci of movement of the admittance when the light



[err] «(2) are performed. In the equation (2), y[err] denotes the adm ttance
of the substrate. The conbi ned optical admttance or conbined admttance is
found-by Y = CB. Returning to the anti-reflection filmof the dual-Iayer
film(ITQAu-Sigerr]), the ITOAu layer constituting the first layer is a
netal layer with a gold col or adm xed wigh an electrically conductive oxide
and which exhibits different |ight absorption depending on the wavel ength x
of the incident light. The adm ttance describes |oci of novenment different
as far as phespei thgotghe tared fedanid t heyspveiengths [err] = 450 nm 650 nm
and 650. nm as shown in Fig.4. The points d, e and f are |l ocated at
respective difféneft §sodi tarshsl @ndthee redieed adepeidiing ®n8Physndab . 081%
properties of the first layer, such as the type of the materials used for
the first FafefP6r 1pKd demtc kit gravabengthi s 1o 405 onmt hBigal endt h36f
the |ight incicz?,nt cirbthefirst | ayer. )

nm 1g. }, respectively. That 1is, reflectance R is

suppressed to a lower value without regard to the wavelength

range of the incident visible light.

An embodiment of a dual-layer anti-reflection film TiNi—
8i0; employing a titanium nitride TiNx and silicon dioxide SiO;
as the first and second layers, respectively, is now explained.

Titanium nitride TiNx has . a refractive index n+ and an
extinction coefficient kv of 2.4 and 1.2 for the light with the
wavelength of 450 nm, and a refractive index n: and an
extinction coefficient kr of 1.7 and 1.8 for the light with the
wavelgngth of 650 nm, as shown in Table 1, and has an
admittance diagram as shown in Fig.2.

On the other hand, if titanium oxide is present in
admixture in TiNx, the latter is 1lowered in electrical
conductivity, while it is difficult to produce a stabilized
system completely freed of oxygen in order to form TiNx
industrially. Therefore, TiNx employed in the present
modification is produced in the presence of oxygen, with the
oxygen partial pressure being not higher than 50%.

Fig.1l1l shows the relatibn between the wavelength nm of the

dual-layer TiNx—SiO: anti-reflection film and the reflectance

(%) based on talculated results, while Fig.12 shows the



The l,ocus of novenent of the admttance of the SiJerr] layer are fromthe
points d, e and f to the point g. The point gis (1, 0), fromwhich it is
seen that the (ITOAu-Sigerr]) anti- reflection filmhas an adm ttance
whi ch goes to 1, that is, 14 conpletely inhibits reflection, no matter
whi ch wavel ength range of at least the assible light is incident thereon.
By arranging this first layer as the light absorbing |ayer, and by

determ ning the physical properties of the first |ayer based on the

adm tt anceetiatgeanvetwedm the ondve byrgih ammantd - tedhesitoantil tth)s besald zed
which is made up only of the first and second |ayers and which

subst ant i ARl gadshdieded wasbhi i t ALEBPRER j2on WAL 1§ ght of neapa tiogisplhave
range. |f_the conditions of the materials constituting the first |ayer are

sel ect ed 26°PhafneYR dMF t fAREATE abPam BHOWTC YR EP g 2P % alfi TBE ST tihTdR %,
that is 'tnatsri%aiq?rrtgﬁemf/ee%fggégngédﬁt for the wavelength a1 and the

transmittance T for the wavelength 1 may be found by the

following equations {(4) and (5):

-c -c
Y8 " C 2B
yoB-l-C y08+C

R=1I

.. (4)

dyRe(® )

T:
OB + CXpgB + O)°

..{5)
respectively.
In these equations (4) and (5), B and C may be found from

the equation (2) and, for a dual-layer film, may be found from

i

the following equation (6):

g

cos K, isinKJy)|cos &, isink ly
fy Sin K, ©osK,

ysing, coskK,

.(6)



and the | onger wavel ength side of selected two wavel engths are denoted as
wavel ength [err] and [err], and if, in the above first |ayer, the
refractive index and the extinction coefficient for the wavel ength [err]
are denoted as n[err] and k[err], respectively, while the refractive index
and the extinction,coefficient for the2havel ength Ir are denoted as nr and
k[err], respectively, the relation between the wavel ength [err] and the
refractive index n is represented by a straight Iine having a negative

gradi ent, as shdwn tbe exquptiomt (B)n ki g 52:Mbkbeelhe Felratiing hatersran
the wavel ength [err] and the extinction coefficient k is represented by a
strai ght |i9%e Hab? hyoBs posi Ei We dPkeli eamplex stefaredbivexanpes at Bfi rthe
Fig.5. That_is éh? follomﬁn? inequalities (3): nferr] > nr and k[err] < nr
15 (3) secdn ayer 1is .45, which corresponds to y:. The complex
refractive index N of the first layer is n: ~ ik:, which
corresponds to y:. The optical admittance of the substrate is

Y=, Which is 1.52 for the glass substrate.

The film thickness for which the reflectance with the
incident light wavelength on the short wavelength side becomes
equal to zero is now derived. The film thicknesses of the first
and second films are defined as d: and d:, respectively.

The condition under which the reflectance becomes equal
to zero is shown by the equation (7):

Y(di, dz}) = Ca/B: = 1

A7)
wherein di, d: are film thicknesses of the first and second
layers, reépectively, while Cz2, B: é;e found by substituting C
= Cz, B = Bz into the equation (6). The angle & of the first
layer and the angle s; of the second layer are represented by
the following equations (8) and (9):

81 = 2xy1di/a

...(8)
52 = 2ny2da/a

... (9)

In the embodiments of Figs.11l and 12, the structure shown

at B in Fig.l1 is presupposed. That is, an acrylic resin



are net. The relation between the wavelength [err] and the refractive index
n and that between the wavel ength [err] and the extinction coefficient k
need not be linear as shown at A and Bin Fig,5 it being only sufficient
if the relation of the inequalities (3) are nmet. Anong other nmaterials
satisfying the inequalities (3) are golg (Au), copper (Cu) and titanium

nitrides (TiNJerr]), where x > 0. TABLE 1 refractive guenchi ng

i ndex [n] coefficient [ k] 450nm nferr] = 1.4

k[err] = XuWhcigdBhenms a hamr coald.ibkig layer 12 iskicoatdd 20420RWickness NV
= 1.2 kv.= 2.4 Cu 650nm nr =0.21 kr =

3.7 450 nAf aprpragyimptely 6 "m on akpolygtRylene terephthalate (PET)
film, with a thickness of 188 "m, functioning as a supporting
layer 11, and a TiNx operating as the first layer 1 and SiO;
operating as the second layer 2 are deposited to a thickness
of 10 nm and 80 nm, respectively.

In Fig.11l, reflectance R (%) for ﬁhe waﬁelength A (nm) is
found for 100 samples having a thickness conforming to Gaussian
distribution at 1 o of 2% with respect to the above thickness
in consideration of thickness fluctuations of the TiNy at the
time of manufacture in order to find an upper limit value, a
lower limit value and a mean value, which are indicated as an
upper limit value curve 31, a mean value curve 32 and a lower
limit value curve 33, respectively: Fig.ll shows a design
margin in which, if the thickness of the TiNx and S8iO: layers
are fluctuated on the order of 2% at the .time of manufacture,
the optical properties of the anti-reflection film are confined
in a range between the upper limit value curve 31 and the lower
limit value curve 33. The mean value curve 32 exhibits ripple
caused by light interference from the hard coating layer.

In Fig.12, the 1light transmittance‘ assumes different
values depending on the thickness of the TiN: layer, as in
Fig.11. Thus, Fig.12 shows an upper limit value curve 41, a
mean value curve 42 and a lower limit value curve 43 in the

Gaussian distribution for 100 samples with 1 o equal to 2%



650 nm nr = 1.7 kr = 1.8 The first |layer may be
constituted by a titaniumnitride (TiNerr]), zirconiumnitride (ZrN ) and
a*mxture of titaniumnitride and zirconiumnitride, where x > 0. The first
| ayer nmay al so be constituted by at |east one of titaniumoxynitrides
(TiN[err]O[err]), zirconiumoxynitrides28zrNJerr](err]) and a mi xture of
titaniumoxynitrides (TiNerr]( err]) and zircopium 16 oxynitrides
(ZrNferrJerr]), where x >0 and y > 0. As a nodification of the present

i nventi on, téwickmess rvaftiecdtion filmof a dual-layer film

(TiNerrJ(W-Siderr]), enploying a filmof titaniumnitride (TiNerr](W),
havi ng tungsten (W 1introduced therein as inpurities, as the first layer,

by rof orr i ng t TR drimwiAgL, or W FTEST FASEr . Che of CrABr AR R
Figs.6 to %—e%rl%cq.q%t tfﬁri?nem(?afya%rearrssatofs%actgpﬁy applied as a reflection
inhibiting filﬁ for a CRT for which a drastically 1low
reflectance or a drastically flat wavelength to 1light
transmittance curve are not required, and that an anti-
reflection film for CRT may be realized by a dual—lajer film.
Fig.13 shows the relation between the wavelength (nm)} and
the reflectance (%) of the (TiN,-SiO:) anti-reflection film, as
found by measurements. It is seen from Fig.13 that, since a
curve similar to one given by the above calculated values has
been obtained, the (TiNy—S8i0O:) anti-reflection film represents
a desirable embodiment. Moreover , the sheet resistance of the
TiNx'layer is 287 ohms/square, which is a value about one-
fourth the typical sheet resistance value of 1000 ohms/square
capable of suppressing elector—-magnetic waves liable to be
produced from the front surface of the CRT, meaning that an
improved shielding anti-reflection film may be produced.
The range of practical utilization of the anti-reflection
film is checked from the relation shown in equation 3. For this

checking, the following relationships shown by the equations

(10) and (11):

nv > nr + D

.(10)



reflection filmconprised of the dual-layer film(TiNerr](W- SiJerr]).
As for the first layer (TiNerr](W), the proportion of tungsten Wto
titaniumTi is set to 0.6 atom % by carrying out sputtering with tungsten
(W bonded on titaniumTi used as a target. The value of x is set by
setting the partial pressure values of @&4on Ar and nitrogen Nerr] in a
flow gas used for formng the first |layer by sputtering so as to be 87% and
13% respectively, for exanple. Figs.6 to 8 illustrate the cases in which
the incident vi&kbtekiifgit beans have different wavel ength values [err].
That is, Figs.6, 7 and 8 illustrate adm ttance diagrans for [err] = 405 nm
[err] = 546 nmand [err] = 633 nm respectively. The anti- reflectiéa)

of The frar8 AATAT NBr FPERF RAURTATT nf L0 CRHGS 100 0 08 KRBTGS HOLC
second, | 2vgts IFel belbhpael! Mt ALCSoR S B S RS KA
and the pijg 14 shows the relation between D and calculated average
values of reflectance. If, with the refractive index n+ and the
extinction coefficient ks at short the wavelength v, the
refractived index n. for the long wavelength a: is assumed to
be n+ — D, while the extinction coefficient k: is assumed to be
kv + D. Some values of each of nv, kv and D are selected in
order to find reflectance and a mean value is found for the
same value of D.

» if » = 450 nm, a2 = 650 nm, the refractive index n, at
the wavelength A+ is set to 0.7, 1.5 and 2.5, the extinction
coefficient ky is 1.0 and 4.0, and D is set to 0.2 for each of
the refractive index n+ and the extinction coefficient kv for
the short wavelength, the refractive index n: for the long
wavelength is 0.5, 1.3 and 2.2 from n+ - 0.2, while the
extinction coefficient kr is 1.2 and 4.2 from ke + 0.2. By

finding the reflectance for the six sets of combinations and

finding an average value, the mean reflectance 0.28 for D = 0.2

may be found. Similarly, the mean reflectance 0.19 for D 0.4
and the mean reflectance 0.13 for D = 0.6 are found. Fig.14
- shows the relation between D and the reflectance thus found.

Fig.14 shows that, if the refléctance suppressing effect



17 extinction coefficient ko = 0. If [err] = 405 nmin Fig.6, the
refractive index n[err] and the extinction coefficient k[err] of the first

| ayer are 2.5 and 0.73, respectively, whereas, if [err] =546 nmin Fig.7,
the refractive index n[err] and the extinction coefficient k[err] of the
first layer are 1.58 and 1.49, res tively and, if [err] = 633 nm in
Fig. 8, the refractive index n[err] and the extinction coefficient k[err] of

the first %y are 1. 1g respectlvelg As for the second |ayer
the refracfivBotnB8Eenft tar“] ar?‘d &%é%(t‘i’arfb%?o RERFFEFBAL “‘ﬁ[‘élllz]“‘t'(’}F”“tH’ef

f | | h h | h.
in Figs b 0% vl e°%%%§.sﬁ? By G oFEERh: 1hnaehant T i
roveent. ofidice PAgt L 880 en ol || ORoRRSSRS ddT gyt el EL | 'ﬁwt

TiNerr](W, while curves olnt b'to point c represent t
movenent of) dyker @cfmtwearaq&lwmltmuxghhmss?sat b&@ﬂghawagsacmd@y

SiJerr]. In Figs.6 to 8, the reflectance Ris 0.48% 0.015% and 0.014%for
the incidem 1lagberwavelermid, [enkl afs 46p me(lli_‘.lng Keving the refractive
index n and the extinction coefficient k satisfying the
equations (12) and (13):
ne > nr + 0.4
.(12)
ke > ke + 0.4

.(13)
That is, it suffices to design the dual-layer film by setting
the refractive index n+ and the extinction coefficient kv on
the éhort wavelength side and the refractive index n. and the
extinction coefficient k: on the long -wavelength side for
satisfying the above condition.

With the above structure of the anti-reflection film, high
electrical conductivity and high anti-reflection effect may be
realized over a wide frequency range despite the simplified
structure of the dual film, thus prohibiting static charges or
elector-magnetic waves from being outputted from an optical
substrate on which is affixed the anti-reflection film.

Referring to Figs.15 to 17, the optical properties of a

dual-layer anti-reflection film of TiN«(W)-8iO,, having a film



546 nm (Fig.7) and 633 nm (Fig.8), respectively. That is, reflectance R
IS suppressed to a | ower value without regard to the wavel ength range of

the incident visible light. In the present nodification, by usi

ng a |ight

absorbing layer as a first layer and by determ ning the physical properties
of the first |layer based on the adni t t ak®e type of the second | ayer, an

anti-reflection filmis realized which is made up of the first

| ayer and

t he second | ayer and which substantially conpletely inhibits reflection
of the vi sifblté traige hightideAsasihgr thagsnedi Wi tatroducaddasl ihpyeities,

anti-reflection ZrNerr]O[err]-SiJerr] filmmade up of a first

| ayer of

zi rconi umasxyni fkrde ZeMearr ja@fceralso ahaviangeesodd Imaydr $¥0:Siag er rqe¢and

expl ai ned by referring to adm ttance diagrans of Figs.9 and 10.

The first

layer zZr NIA¥§0 e¥ il BA¥r 8e0 exndqiged.- 11anthe RIGSPafl |embodimen methaf a

raterial havi g, 9pLLCY; B OB S8 IS A DOUSK

| ai ned.
via a har&’%oa%dlayer of an

acrylic resin on a polyethylene terephthalate (PET) substrate.

The optical properties of the PET layer include the refractive

index n of 1.50, 1.48, 1.46, 1.47, 1.48 and 1.50

for the

wavelengths 1 of 400 nm, 430 nm, 550 nm, 650 nm, 700 nm and 750

nm, respectively, with the extinction coefficient k being zero

for all of the wavelengths. The first layer TiNi(W) has a

refractive index n of 2.50 and an extinction coefficient k of

0.73 for the thickness of 9.72 nm and the wavelength a = 405

nm, with n = 1.1585 and k = 1.735 for 2 = 632.8 nm. As for the

second layer of Si0O:, n = 1.45 and k¥ = 0 for the thickness of

84.28 nm and the wavelength A = 546 nm.

Fig.15 shows values of the reflectance R versus the

incident light wavelength a1, as c¢alculated from the

(4). Fig.16 shows the calculated wvalues as found

equation (5).

equation

from the

Fig.17 shows the measured values of the reflectance R

versus the wavelength 1 of the dual-layer anti—-reflection film

as tentatively produced under the. above conditions. Fig.1l7

shows that a dual-layer film obtained by doping TiNx with

tungsten is effective to prevent reflection of light over a

wide frequency range of from approximately 450 nm to 680 nm.



Figs .9 and 10 show admittance diagrans for [err] = 406 nmand for [err] =
633 nm respectively. In the present nodification, the first |ayer
(ZrNferr]derr]) and the second layer Si(Jerr] are deposited respectively
on a glass substrate with the refractive index no of 1.52 and the
extinction coefficient ko of zero, to fRFmthicknesses of 9.59 nm and 90. 37
nm respectively. For [err] = 406 nmof Fig.9, the refractive index n[err]
and the extinction coefficient Kk[err] of the first layer are 2.4
and 0.4, respe8vi edliystwherths, fibm {ricknes633 mhuof rdf pedilkd thight can
refractlve I ndex n[erq%ﬁand the extinction coefficient k[err] of the first
| ayer are Pe7?QﬁﬂPHP dy edbdiei very redd efagred hel gletopan| Apept tepalated.
refractive dex err the extinction, coefficient K] err%.are 1.45 and

zero, respg icak ér&gé§s of the ﬂh%éTéﬁ&?ﬁ fiimE ysusedRe BN afrives

when {he. | gt p§°'§gsfe&re‘” e xervsteeqfay h?ﬁ?%ﬁ‘}té‘é&ﬁ t}ee\%dﬁ%?[‘éa%s

I/\/ng] Pﬁlenf It}%htvs}xf)@é nélfgﬁg?gte%‘iﬂttehh%ut%c' e r’rg}(er’rgrple tS %hadr@illec
colors are commonly desirable for CRT display purposes.

With the above construction of the anti-reflection film,
an anti-reflection film may be provided which, despite its
simple dual-layer' construction, is high in electrical
conductivity and in anti-refection ratio over a wide frequency
range, and has an improved effect in preventing static charges
or elector-magnetic waves from being outputted from the surface
of the optical substrate, such as a CRT.

Fig.ls shows an instance in which the above-described
dual~layer anti-reflection film is applied on a CRT 51.
Referring to Fig.18, there is formed on a glass plate on the
display surface of the CRT 51 a PET film 53 via a UV-cured
resin 52, and an anti-reflection film 55 formed by the above-
described dual-layer film is applied via a hard coat layer 54
on the PET film 53. An anti-contamination coating layer 56 is
deposited, if need be, on the anti-reflection film 55. It is
possible with such structure to suppress the reflected light
57 on the screen surface substantially to zero and preventing,
an elector-magnetic wave 58 from being radiated from the inside

of the CRT. By electrically grounding an electrically



19 passes through the second layer SiJerr]. In Figs.9 and 10, the
reflectance Ris 0.39% and 0.081% for the incident |ight wavel ength [err]
of 405 nm (Fig.9) and 636 nm (Fig.10), respectively. That is,
reflectance R is suppressed to a | ower value without regard to the
wavel ength range of the incident visiblalight. An enbodi ment of a
dual -l ayer anti-reflection filmTiNerr]- SiJerr] enploying a titanium
nitride Ti N erré_an silicon dioxide SiJerr], as the first and second

| ayers, re¥PBEETVE Y aved Rdw epiad tied e Fliecdiiotminily i°de PYi RPeBFPURLANE a
refractiv %%gggﬁfn%ﬁ%tha% an extlnct%on.cg?%t%%bgnt k{Frr of . 2.

4 d
e £ e AR Ak 00 2" BBk andwgwe%r%%?i%ifﬁﬁgg- .
d i i f Lei: R f 1, | i i.th t
xveﬁgngﬁa%g&%gg ﬁgﬂ% bR581L ke e reds Ay Lob {RErbUEG! AN pMLR e

_ _ as shown i'n Table 1, "and has”an a nlttancefdiagranlas
shown in Fig.2a1 fhoddie A hetehands 1 ddeidd apf UM aXideo] fe @ €5CALPER film

adm xture in TiNerr], the latter is lowered in electrica

and the resulting assembly is tightly affixed to the surface
of the display device so as to be used as an anti-reflection
£film for the CRT surface, this is not limitative of the present
invention. For example, the anti-reflection film may be
directly applied to the CRT surface, while the film may be used
for the surface of the optical substrate, such as a platen of
a copying machine or a cover glass for an equipment. The anti-
reflection film may be transiently applied to the surface of
the PET film which is then intimately affixed to the surface
of the optical substrate, or the anti-reflection film may be
directly deposited on the bptical substrate surface.

Although the PET film is used in the :.above embodiments as
a supporting layer, this is not limitative and & vitreous
supporting layer may also employed:

Although an INTO-Au layer is used in the above embodiment
as a first layer, that is as a layer of a metal material
admixed with an electrically conductive oxide, this is not
limitative and a metal material admixed with another
electrically conductive oxide may also be employed.

In addition, although the second layer is a layer of

silicon dioxide in the above embodiment, this again is not



conductivity, while it is difficult to produce a stabilized system
conpletely freed of oxygen in order to formTiNerr] industrially.

Ther ef or e, TiNferr] enployed in the present nodification is produced
in the presence of oxygen, with the oxygen partial pressure being not

hi gher than 50% Fig.11 shows the rel ati?9n between the wavel ength nm of the
dual -layer TiNerr]-Sigerr] anti-reflection filmand the reflectance (%
based on Cal cul ated results, while Fig.12 shows the 20 rel ation between
t he wavel érigtift-airiven@ngdy anslmttetranéehéwnsasedeénacall&aI dndexrefubet more

Al t hough a wvari eta/ of equations have been known for finding the reflectance
and t r ansrfiftathrfce’ b%‘é?EaPFymt‘ﬁéeﬁéﬂF"e&izfﬂé@IF%‘*‘?)rM&'IFFe "{M\}’blaerf’gatfﬁ’a[cétr’r‘]e and

the transiytiance'T {ofy {he el ngt i LSrrl my be haund by b ol pyi ng

of the present invention.



...(4) [err] * * (5) respectively. In these equations (4) and (5), B and C
may be found fromthe equation (2) and, for a dual-layer film may be found
fromthe followi ng equation (6): [err] ..(6) 21 In the equation (6),

[err] = 2[err]Ndcos[err]/[err]). For the present calculations, [err] = 0.

The conplex refractive index n[err] of 3®he second | ayer is 1.45, which
corresponds to Y[err]. The conplex refractive index Nerr] of the first

| ayer is nferr] - ik[err], which corresponds to y[err]. The opti cal
adm t t an®EAJT I]tshé?w%@}ali%:is y[err], which is 1.52 for the glass
substrat%.

An anti-reflection film deposited on a supporting layer

comprising: two mutually neighboring layers, that is a first

layer and a second layer as counted beginning from the

supporting layer, said first layer being formed of an
electrically conductive material absorbing the light and said
second layer being formed of a material having a refractive

index not higher than 2.0, wherein, if an arbitrarily selected

shorter wavelength id i, an arbitrarily selected longer
wavelength is ir, the refractive index and the extinction
coefficient for the wavelength iy of said first layer are ny and
kv, respectively, and the refractive index and the extinction
coefficient for the wavelength i of said second layer are nr
and Kk, respectivel&, ny is larger than nr. and k. is smaller
than kr. The anti-reflection property is present at wavelength

Av and 2r and points in between Ay and 2.

2. The anti-reflection film as claimed in claim 1 wherein

said first layer is deposited on a supporting layer of a
plastic material.

3. The anti~reflection film as claimed in claim 1 wherein

said first layer is deposited on hard coat layer deposited in
turn on a suppérting layer of a plastic material.
4. The anti-reflection film as claimed in claim 1 wherein

said first layer is a layer generated_in the presence of oxygen

having an oxygen partial pressure of not higher than 50%.

IR



The filmthickness for which the reflectance with the incident |ight
wavel ength on the short wavel ength side becones equal to zero is now
deri.ved. The filmthicknesses of the first and second filns are defined as
dierr] and d[err], respectively. The condition under which the refl ectance
becomes equal to zero is shown by the e@dation (7): Y(d[err], d[err]) =

Clerr]/Blerr] =1 (7) wherein d[err], d[err] are filmthicknesses of the
first and second | ayers, respectively, while C2, B2 are found by
substitutbng C The anyi-eflEieioh fale taie cAquiatednin 6¢ 1aThelanpeeeliarr]
of the first layer and the angle 6[err] of the second | ayer are represented
by the fobkkadi igreguibvensis8foamdd(6f: a[methl-maferipy[ admidtpdr wiktherin]

(8) [err] = 2[e{r]y[err]d[err][[err]_&9) In the enbodi nents of Figs.11l and
12, the sergetieadHFvrerd B $hveE gXxides presupposed. That is, an acrylic

resin 6. The anti-reflection film as claimed in claim 1 wherein
said firét layer is formed of titanium nitride.
7. The anti-reflection film as claimed in claim 1 wherein
gaid first layer is formed of a titanium nitride admixed with
tungsten as impurities.
8. The anti-reflection film as claimed in claim 1 wherein
said first layer is formed of zirconium oxynitride.
9. The anti—reflection film as claimed in c¢laim 1 wherein
said second layer is formed of silicon dioxide.
10. The anti-reflection film as claimed in claim 1 wherein

ny of said first layer is larger than (nr + 0.4) and k. is

larger than (kv + 0.4).

R
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22 functioning as a hard coating layer 12 is coated to a thickness of
approximately 6 "mon a pol yethylene terephthalate (PET) film with a
t hi ckness of 188 "m functioning as a supporting layer 11, and a TiNerr]

operating as the first layer 1 and Sigerr] operating as the second | ayer 2
are deposited to a thickness of 10 nm &®l 80 nm respectively. In Fig.11,

refIectancguﬁigﬁﬁFiﬁeTiaﬁ ¥exel ength [err] (nm is found for 100 sanpl es
having a thickness conformng to Gaussian distribution at 1 a of 2% w th

respect tosgderapeve thickness in consideration of thickness fluctuations
of the TiNJerr] at the tinme of manufacture in order to find an upper limt

val ue, a |lower Annitan@iuveedndca iRan V& ue, Wuieinare highcat gdedt rdkal
upper limt value curve 31, a nean value curve 32 and a lower |imt value

curve 33, e¢esgectiivéty: Bngd. IAighovwnti-dest gacwibg neffievli chyerf 4 hevide
thickness of the TiNJerr] and SiJerr] |ayers

frequency range despite its simplified structure. The anti-

reflection film has two mutually neighboring layers which are

deposited directly or wvia a hard coating layer 12 on a
supporting layer 11. One 1 of the layers that is closer to a
substrate layer 11 is formed of an electrically conductive
material capable of absorbing light, while the remaining second
layer 2 is formed of a material having a refractive index not
higher than 2.0. If the first layer has the refractive index
and the extinction coefficient for a shorter wavelength i, of
n. and kv, respectively, and the refractive index and the

extinction coefficient for a longer wavelength ir of n. and ki,

respectively, n+ is larger than nr. and ks is smaller than k: (nv

> nr and kv < k).

FIGURE 1 & FIGURE 18



are fluctuated on the order of 2%at the tine of manufacture, the optical
properties of the anti-reflection filmare confined in a range between the
upper limt value curve 31 and the lower limt value curve 33. The nean

val ue curve 32 exhibits ripple caused by light interference fromthe hard
coating layer. In Fig.12, the |ight twm’ttance assunes different

val ues dependi ng on the thickness of th N err] layer, as in Fig.11.
Thus, Fig.12 shows an upper limt value curve 41, a nean val ue curve 42 and
a lower limt value curve 43 in the Gaussian distribution for 100 sanpl es
with 1 a equal to 2% 23 thickness variation. Figs.11 and 12 indicate
that the (TiNerr]-Siderr]) anti- reflection filmmy be satisfactorily
applied as a reflection inhibiting filmfor_a CRT for which a drastically

| ow refl ectance or a drastically flat vvave\l ength to |ight ]r/z

( i §
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transmttance curve are not required, and that an anti- reflection filmfor
CRT may be realized by a dual-layer film Fig.13 shows the rel ation between
t he wavel ength (nn) and the reflectance (% of the (TiNerr]-Siderr])
anti-reflection film as found by neasurenents. It is seen fromFig.13
that, since a curve simlar to one given by the above cal cul ated val ues has
been obtained, the (TiNJerr]-Si(Jerr]) ant3-reflection filmrepresents a
desi rabl e enbodi nent. Moreover , the sheet resistance of the TiNerr] |ayer
is 237 ohns/square, which is a value about one- fourth the typical sheet
resi stance val ue of 10DY{IBIAGINARYPARTHpabl e of suppressing

el ector-magnetic waves |iablke to be produced fromthe front surface of the
CRT, neaning that an inprov%d shielding anti-reflection filmmy be
produced. The range of p ical utilizgtion of the anti-reflection filmis
checked fromthe relation shown in equation 3. For this checking, the
foll ow ng rel ati onshi ps SE%WH by the eduations (10) and (11): n[err] > nr +
D SF a4
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24 kr,> k[err] + D ...(11) are used. In these equations (10) and (11), "D
denotes the distance between n[err] and nr or the distance between k[err]
and k[err]. Fig.1l4 shows the relation between D and cal cul ated aver age

val ues of reflectance. If, with the refractive index n[err] and the
extinction coefficient k[err] at short the wavelength [err], the
refractived index nr for the |long wavel 84@3h [err] is assuned to be n[err]
- D, while the extinction coefficient kr is assuned to be k[err] + D. Sone
val ues of each of n[err], k[err] and D are selected in order to find

refl ectance and a nean value is found for the sanme value of D. , if [err] =
460 nm [err] = 650 nm the refractive index n[err] at the wavelength [err]
is set to 0.7, 1.5 and 2.4, the extinction coefficient k[err] is 1.0 and

4.0, and Dis set to 0.2‘for each of the refractive index nv and the
extinction coefficient k[frr] for
>
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t he short wavel ength, the refractive index nr for the | ong wavelength is
0.5, 1.3 and 2.2 fromn[err] - 0.2, while the extinction coefficient kr is
1.2 and 4.2 fromk[err] + 0.2. By finding the reflectance for the six sets
of conbi nations and finding an average val ue, the nean refl ectance 0.28 for
D=20.2 my be found. Simlarly, the nean reflectance 0.19 for D= 0.4 and
the mean reflectance 0.13 for D = 0.6 ar&/¥dund. Fig.14 shows the relation
between D and the reflectance thus found. Fig.14 shows that, if the
refl ectance suppressin ffect 25 of not nore than 0.2 is the range of
practi cal utiliza.l"l"?mI BABRTY r ef | ecti on film it is nost useful in
denonstrating the ef%%ct of the present invention t0 constitute the first
| ayer of the anti-refliection filnyby a ilm Qg a value of D larger than
0.4, that is by a filmhaving the/refracti i ndex n aRd (REAL®PART)Ct i on

L i
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equations (12) and (13): nv > nr + 0.4 (12) k[err] > k[err] + 0. 4 ...(13)
That is, it suffices to design the dual-layer filmhby setting the
refractive index nv and the extinction coefficient k[err] on the short
wavel ength side and the refractive index nr and the extinction coefficient
kr on the long wavel ength side for satisfying the above condition. Wth
t he above structure of the anti-reflectq/&rgfilm hi gh el ectri cal
conductivity and high anti-reflection effect nay be realized over a w de
frequency range despite the sinplified structure of the dual film thus
prohi biting static charges or elector-nmagnetic waves from bei ng out putted
froman optical substrate on which is affixed the anti-reflection film
Referring to Figs.15 to 17, the optical properties of a dual-Iayer
anti-reflection filmof TiNerr](W-SiJerr], having a film
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26 of titaniumnitride having tungsten Wintroduced as inpurities, as a
first layer, and also having a filmof SiQ2 as a second |ayer, will now be
expl ained. In the present enbodi nent, the dual-layer filmis deposited via
a hard coat layer of an acrylic resin on a polyethyl ene terephthal ate (PET)
substrate. The optical properties of the PET |ayer include the refractive
index n of 1.50, 1.48, 1.46, 1.47, 1.486amd8 1.50 for the wavel engths [err]
of 400 nm 430 nm 550 nm 650 nm 700 nmand 750 nm respectively, with
the extinction coefficient k being zero for all of the wavel engths. The
first layer TiN[err](W has a refractive index n of 2.50 and an extinction
coefficient k of 0.73 for the thickness of 9.72 nmand the wavel ength [err]
= 405 nm with n =1.165 and k = 1.735 for [err] = 632.8 nm As for the
second layer of Sigerr], n =1.45 and k = 0 for the thickness of 84.28 nm
and the wavel ength [err] = 546 nm Fig.15 shows values of the reflectance R
versus the
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incident light wavelength [err], as calculated fromthe equation (4).
Fig. 16 shows the cal cul ated val ues as found fromthe equation (5). Fig.1l7
shows the neasured val ues of the reflectance R versus the wavel ength [err]
of the dual-layer anti-reflection filmas tentatively produced under the.
above conditions. Fig.17 shows that a dual-layer film obtained by doping
TiNJerr] with tungsten is effective to7gd8vent reflection of light over a
wi de frequency range of from approxi mately 450 nmto 680 nm 27 By
adjusting the filmthickness , blue reflected |light can be accentuat ed,
while red reflected light can be attenuated. This indicates that, if the
dual -l ayer filmis used as an anti- reflection film the reflected |ight
fromthe CRT display can be white slightly tinted with blue or purple. Such
reflected colors are comonly desirable for CRT display purposes.
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Wth the above construction of the anti-reflection film an anti-reflection
filmmay be provided which, despite its sinple dual-layer construction, is
high in electrical conductivity and in anti-refection ratio over a w de
frequency range, and has an inproved effect in preventing static charges or
el ector-magneti c waves from bei ng outputt? fromthe surface of the optical
substrate, such as a CRT. Fig.18 shows 841Pnst ance in which the
above-descri bed dual -1 ayer anti-reflection filmis applied on a CRT 51.
Referring to Fig.18, there is forned on a glass plate on the display
surface of the CRT 51 a PET film53 via a UMcured resin 52, and an
anti-reflection filmb55 fornmed by the above- described dual -layer filmis
applied via a hard coat layer 54 on the PET film53. An anti-contam nation
coating layer 56 is deposited, if need be, on the anti-reflection film 55.
It is possible with such structure to suppress the reflected Iight 57 on
the screen surface substantially to zero and preventing. an

el ector-magnetic wave 58 from being radiated fromthe inside of the CRT. By
electrically grounding an electrically
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28 conductive |ayer of the anti-reflection film55 by an grounding wire 59,
static charges may be inhibited, while the el ector- nagnetic wave shi el ding
effect may be inproved further. Al though an anti-reflection filmis applied
to a PET filmand the resulting assenbly is tightly affixed to the surface
of the display device so as to be used as_an anti-reflection filmfor the
CRT surface, this is not limtative of ?ﬁ%3present i nvention. For exanple,
the anti-reflection filmmay be directly applied to the CRT surface, while
the filmmay be used for the surface of the optical substrate, such as a

pl aten of a copying nmachine or a cover glass for an equipnment. The anti -
reflection filmmay be transiently applied to the surface of the PET film
which is then intimately affixed to the surface of the optical substrate,

or the anti-reflection filmmy be directly deposited on the opti cal
substrate surface.
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Al t hqugh the PET filmis used in the above enbodi nents as a supporting

| ayer, this is not limtative and a vitreous supporting |layer may al so
enpl oyed Al though an INTO-Au | ayer is used in the above enbodi nent as a
first layer, that is as a layer of a nmetal material adm xed with an

el ectrically conductive oxide, this is fgyliin1tative and a netal materia
adm xed with another electrically conduct’ive oxide may al so be enployed. In
addi tion, although the second layer is a |layer of silicon dioxide in the
above enbodi nent, this again is not 29 limtative and a material having
a refractive index of not nore than 2.0, such as nmagnesi um difl uoride
MyF[err] with a refractive index n = 1.38, may al so be enpl oyed for
achieving the results of the present invention.
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30 WHAT IS CLAIMED I S: 1. An anti-reflection filmdeposited on a
supporting | ayer conprising: two nutually neighboring layers, that is a
first layer and a second | ayer as counted beginning fromthe supporting

| ayer, said first layer being forned of an electrically conductive materi al
absorbing the light and said second | aygj,/pging forned of a naterial having
a refractive index not higher than 2.0, mﬁerein, if an arbitrarily selected
shorter wavelength id [err] an arbitrarily selected | onger wavel ength is
[err], the refractive index and the extinction coefficient for the

wavel ength [err] of said first layer are n[err] and [err], respectively,
and the refractive index and the extinction coefficient for the wavel ength
[err] of said second |ayer are nr and k[err], respectively, [err] is larger
than n[err] and k[err] is smaller -than kr. The anti-reflection property is
present at wavelength [err] and [err] and points in between [err] and [err]
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2. ., The anti-reflection filmas clained in claim1l wherein said first

| ayer i s deposited on a supporting |layer of a plastic material. 3. The
ahti-reflection filmas claimed in claiml wherein said first layer is
deposited on hard coat |ayer deposited in turn on a supporting |ayer of a
plastic material. 4. The anti-reflection filmas clained in claiml
wherein said first layer is a | ayer gﬁgﬁ&ﬁted in the presence of oxygen
havi ng an oxygen partial pressure of i gher than 50% 31 5. The
anti-reflection filmas claimed in claim1l wherein said first layer is
formed of a netal material adm xed with an electrically conductive oxi de.
6. The anti-reflection filmas clained in claim1l wherein said first

| ayer is formed of titaniumnitride. 7. The anti-reflection filmas
claimed in claim1 wherein
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said first layer is formed of a titaniumnitride adm xed with tungsten'as

inpurities. 8. The anti-reflection filmas clained in claim1l wherein
sald first layer is forned of zirconiumoxynitride. 9. The
anti-reflection filmas clainmed in claim1l wherein said second | ayer is
formed of silicon dioxide. 10. The anti-reflection filmas clained in

claim1 wherein n[err] of said first |13péd3is larger than (nr + 0.4) and kr
is larger than (k[err] + 0.4).
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