
;e3ex2xlL6T2q}R TITLE OF THE INVENTION 1 Anti-Reflection Film and Cathode
Ray Tube BACKGROUND OF THE INVENTION Field of the Invention 3 September
2002  This invention relates to an anti-reflection film and a cathode ray
tube. More particularly, it relates to an anti-reflection film that is able
to unprove tightness of adhesion of the thin optical film to a substrate,
and to achieve anti-reflection effects over a wide wavelength range, and a
cathode ray tube employing this anti-reflection film. Description of the
Related Art Up to now, an anti-reflection film has been used in the optical
and in electro optical field where it is desirable or necessary to decrease
the refractive index on an optical interface between air and glass.
Specifically, the field of usage for the antireflection film covers a wide
field encompassing a camera lens, a platen for a copying machine, cover
glass for equipments, a panel for a cathode ray tube (CDT) and other
display devices. This anti-reflection film may be enumerated by a film
configured as shown for example in Fig. I . This film is comprised of a
resin substrate 101 ) on a major surface 101a of which are sequentially
formed a first layer 102 of SiOx, inhere x<2, having a thickness of 10 run,
a second layer 103 of ITO, having a thickness of 20 run, a third layer of
Si02, having a thickness of 25 run, a fourth layer 105 of ITO, having a   3
September 2002 2 thickness of 60 run, and a fifth layer l06 of Si02, having
a thickness of 100 nrn. This anti-reflection film has, however, an
inconvenience that it has a multi layered structure with as many as five
layers, and a thicker total film thickness of 21 S run, so that it is
difficult and pains-taking to manufacture, while being poor in productivity
and high in production cost. 



Thus, a demand is raised for an anti-reflection film having a smaller
number of layers. If the number of layers is smaller, the number of
layering steps is decreased to facilitate the production and improve the
productivity as well as to lower the production cost. In order to meet this
demand, there has been proposed an anti-reflection film of a dual structure
having on a substrate a thin film mainly composed of Tin and an Si02 thin
film of lower refractive index, as a second optical film, as disclosed in
Japanese Laying-Open Patent H-9-156964, Japanese Laying-Open Patent
H-9-16S231 or in Japanese Laying-Open Patent H-9-7300I. However, this
anti-reflection film, white having acceptable anti-reflection
characteristics, is not optimum in adhesion between the substrate and the
thin film, mainly composed of TiN, such that the film is susceptible to
exfoliation and difficult to use practically. SUMMARY OF THE INVENTION It
is therefore an object of the present invention to provide a practically
useful anti-reflection film which has a small number of layers and high
productivity and   3 September 2002 3 which is easy and simple to
manufacture while being low in production cost and superior in
anti-reflection characteristics. It is another object of the present
invention to provide anti-reflection sheet and a cathode ray tube employing
this anti-reflection film. According to one aspect of the present
invention, there is provided an anti reflection film wherein an adhesive
layer is formed on a major surface of a resin substrate, a first optical
thin film containing one or more of titanium nitride, hafnium nitride or
zirconium nitride is formed on the adhesive Layer, a second optical thin
film having a refractive index of l.35 to 1.7 is formed on the first
optical thin film; and wherein the adhesive layer is represented by the
chemical formula of SiNx, where x < 4/3, or by the chemical formula SiOXNy,
where x < 2 and y < 4I3. According to another aspect of the present
invention, there is provided an anti 



reflection film wherein an adhesive Layer is formed on a major surface of
resin substrate; a first optical thin film containing one or more of
titanium nitride, hafnium nitride or zirconium nitride is formed on the
adhesive Layer; a second optical thin film having a refractive index of
1.35 to l.7 is formed on the first optical thin film; and wherein the first
optical thin film mainly contains titanium nitride and wherein metal is
doped in titanium nitride. According to yet another aspect of the present
invention, there is provided an anti-reflection film wherein an adhesive
layer is formed on a major surface of resin substrate;   3 September 2002
3a a first optical thin film containing one or more of titanium nitride,
hafnium nitride or zirconium nitride is formed on the adhesive layer; a
second optical thin film having a refractive index of l.35 to 1.7 is formed
on the first optical thin film; and wherein the second optical thin film is
formed of MgF2 or A12O3. Preferably, the adhesive layer is represented by
the chemical formula of SiOx, where x < 2. If, when the adhesive is formed
of a compound having the chemical formula SiOa, where x < 2, sufficient
bonding strength between the resin substrate and the fast optical thin film
cannot be developed If the value of x is too small, silicon is metallized
to increase undesirably the optical absorption characteristics to unpair
the anti-reflection characteristics 



In the anti-reflection film of the present invention, the adhesive Iayer
may predominantly be composed o f Ti. In the anti-reflection film of the
present invention) the physical film thickness   3 September 2002 4 of the
adhesive layer is preferably not larger than 10 nm and more preferably 1 to
7 nm. If the physical filin thickness of the adhesive layer is thicker than
10 nm, optical absorption characteristics of the adhesive layer become
excessive to impair undesirably the anti-reflection characteristics. if the
physical film thickness is thinner than 1 nm, sufficient bonding strength
between the resin substrate and the first optical thin film undesirably
cannot be developed. In the anti-reflection film of the present invention,
the physical film thickness of the first optical thin film is preferably 5
to 25 nun. If the physical film thickness is outside this range, sufficient
anti-reflection characteristics cannot be achieved. In the anti-reflection
film of the present invention, it is desirable for the first optical thin
film to contain mainly titanium nitride and for titanium nitride to be
doped with metal. This metal may be exemplified by tungsten and gold. If
the first optical thin film mainly contains titanium nitride, the fast
optical thin film desirably is electrically conductive. In the
anti-reflection film of the present invention, the first optical thin film
preferably is composed of Si02, while the physical film thickness of the
second optical thin film preferably is 60 to I 10 ncn. If the second
optical thin film composed of SzOz is outside the above range, sufficient
anti-reflection characteristics cannot be obtained. In the anti-reflection
film of the present invention, a hard coating layer preferably is formed on
the surface of the resin substrate facing the adhesive layer, while an
adhesive layer preferably is formed on the hard coating layer.   The
above-described anti-reflection film of the present invention may be
arranged on the face surface of a display portion to constituts the cathode
ray 



tube  According to still another aspect of the present invention,there is
provided a cathode ray tube wherein,on a face plate surface side of a
display portion an anti-reflection film comprised of an adhesive layer
formed on a major surface of a a resin substrate,a first optical thin film
containing at least one or more of titanium nitride,hafnium nitride and
zirconium nitride,the first optical thin being formed on the adhesive layer
and a second optical thin film with a refraction index of 1.35 to1.7 formed
on the first optical thin film the anti-reflection film being arranged
facing the resin substrate In the cathode ray tube of the present
invention,it is preferred that the first  optical thin film of the
anti-reflection film predominantly contains titanium nitride this first
optical thin film being electrically conductive and grounded In the
anti-reflection film of the present invention,since the adhesive layer is
formed on the major surface of the resin substrate,the first optical thin
film containing one or more of titanium nitride,hafnium and zirconium
nitride is formed on the adhesive layer,and the second optical thin film
having the refractive index of 1.35 to 1.7 is formed on the first optical
thin film,the number of layer is small to facilitate and simplify the
manufacturing process to reduce the cost ZOOZ aaqwa;daS E   3 September
2002 Sa In the anti-reflection film of the present invention) since the
adhesive layer is interposed between the resin substrate and the first
optical thin film containing one or more of titanium nitride) hafnium and
zirconium nitride, the first optical thin film is not liable to be detached
from the resin substrate to assure good practically suitable 



anti-reflection characteristics Therefore, in the cathode ray tube of the
present invention, in which the anti reflection film of the present
invention is arranged on the surface of the face plate of the display
portion thereof, the anti-reflection characteristics are similarly good and
practically suitable.   3 September 2002 6 Also, in the anti-reflection
film of the present invention, if the adhesive layer is formed of a
compound represented by the chemical formula of SiOx, where x < 2, the
first optical thin. film is less liable to be detached from the resin
substrate. If, in the anti-reflection film of the present invention, the
First optical thin film mainly is composed of titanium nitride, and the
first optical thin film is electrically conductive, the first optical thin
film may be used as an electrically conductive film in place of the iT0
layer used as an electrically conductive film in the conventional
antireflection film. Also, if, in~the anti-reflection film of the present
invention, the first optical thin film is formed of titanium nitride,
having strong absorption characteristics, and the anti-reflection film is
arranged on the face plate surface of the cathode ray tube, the image
displayed on the cathode ray tube can be unproved in contrast. In the
anti-reflection film of the present invention, in which an adhesive layer
is formed on a major surface of a resin substrate) a first optical thin
film containing one or more of titanium nitride, hafnium nitride or
zirconium nitride is formed on die adhesive layer and in which a second
optical thin film having a refractive index of 1.35 to l .7 is formed on
the first optical thin film, the number of layers is small, so that the
manufacture may be facilitated and simplified to reduce the manufacturing
cost to improve the productivity In the anti-reflection film of the present
invention, in which an adhesive layer is interposed between the resin
substrate and the fast optical thin film containing one   3 September 2002
7 or more of titanium nitride, hafnium nitride or zirconium nitride, the
first optical thin film is not liable to be detached from the resin
substrate to assure good and practically acceptable anti-reflection
characteristics. In the cathode ray tube in which the anti-reflection film
of the present invention is arranged on the face plate surface side of a
cathode ray tube, the anti-reflection characteristics are similarly good
and practically acceptable. If, in the anti-reflection filth of the present
invention, the adhesive layer is 



formed of a compound represented by the chemical formula SiO,;, where x <
2, it is possible to suppress detachment of the first optical thin film
from the resin substrate 3 further. If, in the anti-reflection film of the
present invention, the first optical thin film is mainly composed of
titanium nitride, and the first optical thin film is electrically
conductive, the first optical thin film may be used as an electrically
conductive film in place of the ITO layer used as the electrically
conductive film in the conventional antireflection film to render it
unnecessary to provide an electrically conductive film to improve the
productivity. Also, in the anti-reflection film of the present invention,
if the first optical thin film is -fonned of titanium nitride, having
strong absorption characteristics, and the anti-reflection film is provided
on the face plate side of the cathode ray tube as in the present invention,
the image displayed on the cathode ray tube may be unproved in contrast   3
September 2002 8 BRIEF DESCRIPTION OF THE DRAWINGS Fig.l is a
cross-sectional view schematically showing the structure of a conventional
anti-reflection film. Fig.2 is a cross-sectional view schematically showing
the structure of an anti reflection film according to the present
invention. Fig.3 is a cross-sectional view schematically showing the
structure of essential portions of a cathode ray tube according to the
present invention. Fig.4 is a schematic view showing the structure of
essential portions of a fihn forming device. Fig.S is a graph showing a
typical relation between the wavelength and the reflectance. Fig.6 is a
graph showing another typical relation between the wavelength and the
reflectance. 



Fig.7 is a graph showing the relation between the wavelength and
transmittance DETAILED DESCRIPTION OF THE INVENTION Referring to the
drawings, preferred embodiment of the present invention will be explained
in detail. The anti-reflection film according to the present invention is
configured as shown for example in Fig.2. That is, there are formed on
major surface 3a of a resin substrate 3, comprised of a thin-film substrate
1 of resin, such as polyethylene terephthalate, on a major surface is of
which is formed a hard coating layer 2 of resin,   3 September 2002 9 such
as acrylic resin, there are sequentially layered an adhesive layer 4, a
first optical thin film S containing one or more of titanium nitride,
hafnium nitride and zirconium nitride, and a second optical thin film 6
having a refractive index of 1.3S to 1.7. In the anti-reflection film of
the present invention, the adhesive layer 4 is preferably of a compound
represented by the chemical formula SiOX, where x < 2. The adhesive layer 4
may also be of a compound represented by the chemical formula of SiNx,
where x < 4/3, or of a compound represented by the chemical formula of
SiO,;N~., where x < 2 and y < 4l3. If, with the adhesive Layer 4
represented by the chemical formula SiOX, where x < 2, x is not less than
2, sufficient bonding strength cannot be developed between the resin
substrate 3 and the first optical thin film 5 whereas, if x is too small,
silicon is metallized and undesirably exhibits stronger optical absorption
properties to unpaar the anti-reflection characteristics. In the
anti-reflection film of the present invention, the adhesive Layer 4 may be
mainly composed of Ti. In the anti-reflection film of the present
invention, the physical film thickness of the adhesive layer 4 is
preferably not larger than 10 nm and more preferably 1 to 7 nm. If the
physical film thickness of the adhesive layer 4 is thicker than 10 run, the
adhesive layer 4 undesirably exhibits stronger optical absorption
properties to unpair the anti-reflection characteristics. If the physical
film thickness is smaller than 1 run, sufficient bonding strength between
the resin substrate 3 and the first optical thin film   3 September 2002 10
5 undesirably cannot be developed. In the anti-reflection film of the
present invention, the physical filin thickness of the adhesive layer 4 is
preferably 5 to 25 nrn. If the physical film thickness is 



outside this range, it is difficult to secure sufficient anti-reflection
characteristics. In the anti-reflection film of the present invention, it
is desirable for the first optical thin film 5 to be mainly composed of
titanurn nitride, while it is also desirable for titanurn nitride to be
doped with metal. The metal may be exemplified by tungsten and gold. If the
first.optical thin film 5 is mainly composed of titanurn nitride, the first
optical thin film 5 desirably is electrically conductive. In the
anti-reflection filin of the present invention, the second optical thin
film 6 is preferably composed of SiOz. In this case, the physical film
thickness of the second optical thin film 6 composed of SiOz is preferably
60 to 110 nm. If the second optical thin film 6 formed of SiOz is outside
the above range, it is difficult to develop sufficient anti-reflection
characteristics. In the anti-reflection film of the present invention the
second optical thin film 6 may also be composed of MgF2 or AIzO~. As a
specified example of the anti-reflection film according to the present
invention, a substrate formed of polyethylene terephthalate is used as a
thin-film substrate 1. The hard coating layer 2 is provided thereon to
provide a resin substrate 3. The adhesive layer 4 is formed by a thin film,
5 run in thickness having a chemical   3 September 2002 11 formula of Si0"
where x < ?, while the first optical thin film S is formed by a thin film
13.6 nm in thickness formed of TiN and the second optical thin film 6 is
formed by a thin film 88 nm in thickness formed of Si02. That is, the
anti-reflection film according to the present invention has the adhesive
layer 4 formed on the major surface 3a of the resin substrate 3. The fast
optical thin film 5 containing one or more of titanium nitride, hafnium
nitride and zirconium nitride is formed on the adhesive layer 4, while the
second optical thin film 6 with the refractive index of 1.35 to 1.7 is
formed. Thus, the number of layers is smaller and the manufacture is easy
and simplified to reduce the production cost to improve the productivity.
In the anti-reflection film according to the present invention, since the
adhesive layer 4 is interposed between the resin substrate 3 and the first
optical thin film ~ containing one or more of titanium nitride, hafnium
nitride and zirconium nitride) the first optical thin film 5 is not liable
to be detached from the resin substrate 3 to improve the anti-reflection
characteristics If, in the anti-reflection film according to the present
invention, the adhesive layer 4 is formed of a compound represented by the
chemical formula Si0" where x < 2, the, first optical thin film 5 is less
liable to be detached from the resin substrate 3. If, in the
anti-reflection film according to the present invention, the first optical
thin film 5 is mainly composed of titanium nitride, and the first optical
thin film S is electrically conductive, the first optical thin film 5 can
be used as an electrically  



3 September 2002 12 conductive filin in place of an ITO layer used in the
conventional anti-reflection filin as an electrically conductive film. The
above-described anti-reflection fihn of the present invention may also be
provided on a surface side of the face plate of a display portion of a
cathode ray tube. That is, an anti-reflection film 15 of the present
invention, comprised of a resin substrate 13, formed by a thin film
substrate and a hard coating layer, and an antireflection layer 14) made up
of an adhesive layer, a first optical thin film and a second optical thin
filin, with the anti-reflection layer 14 being layered on the resin
substrate 13, is arraigned on a face plate 11 a of the cathode ray tube 11,
as shown in Fig.3. An anti-dying layer 16 is also provided on the
anti-reflection film 15. In this case, preferably the first optical thin
film of the anti-reflection filrn 15 is mainly composed of titanir.un
nitride, the first optical thin film is electrically conductive and
grounded. That is, the anti-reflection fii~n 14 is grounded in Fig.3. With
the cathode ray tube of the present invention, in which the anti-reflection
filin of the present invention is provided on the face plate surface side
of the display portion thereof, the anti-reflection characteristics may be
optunized, as in the case of the anti-reflection film of the present
invention. If the optical thin film of the anti-reflection film 15 is
fonned of titaniwn nitride, the display picture on the cathode ray tube is
desirably unproved in contrast because of the strong absorption proper to
titanium In the above-described cathode ray tube 11, the incident light
shown by arrow   3 September 2002 13 A, is reflected as shown by arrow Az
as the reflected light of the lesser light volume than that of the incident
light shown by arrow At. Preferably, the anti-reflection film 14 of the
cathode ray tube 11 has the electromagnetic wave shielding function. That
is, the electro-magnetic wave, shown by arrow B 1 in the cathode ray tube 1
l, is illuminated to outside, in the direction indicated by arrow B2, as
the electro-magnetic wave smaller in volume than the electro-magnetic wave
in the cathode ray tube 11. The manufacturing method of the above-described
anti-reflection filin of the 



present invention is hereinafter explained. First, the hard coating layer 2
is coated on the major surface 1 a of the thin-filin substrate l, formed of
resin, such as polyethylene terephthalate, to form the resin substrate 3.
This hard coating layer 2 may be formed by coating acrylic resin, routinely
used in this sort of the anti-reflection filth. The adhesive layer 4 then
is formed on the major surface 3a of the resin substrate 3. If this
adhesive layer 4 is funned by a compound represented by the chemical
fonnula of SiO,., where x < 2, it may be funned by DC or AC sputtering,
using silicon as a target. Silicon may be oxidized using a trace amount of
oa~~gen introduced by mass flow controller (MFC), residual background
o~.ygen or moisture. It is noted that the degree of oxidation is determined
by the oxygen partial pressure. As a matter of course) if the oxygen
partial pressure is lower) the composition is solely of silicon, which is
metallized, thus intensifying optical absorption characteristics and
impairing anti-reflection characteristics It is therefore preferred to
avoid excessively   3 September 2002 14 low the oxygen partial pressure.
The first optical thin film 5 and the second optical thin film 6 then are
formed. If the first optical thin film 5 is a thin filin formed of TiN, it
may be formed by, for example, DC sputtering, using titanium as a target.
If the second optical thin film is a thin fihn formed of Si02, it may be
fonned by, for example, AC sputtering, using silicon as a target. If the
film forming device shown in Fig.4 is used, productivity is desirably
improved. This film-fonning device is configured for forming the thin fihn
by sputtering. Specifically, a vacuwn chamber 21 is divided into a
payout/take-up chamber 23 evacuated b5~ a turbo molecular pump 22 having
the evacuating capability of, for example, 1000 liters per second, and a
film-forming chamber 25, evacuated by a turbo molecular piunp 24, having
the evacuating capability of, for example, 1500 liters per second. Within
the payout/take-up chamber 23, there are provided a cylindrical payout roll
26, rotated counterclockwise, as shown by arrow m,, and a cylindrical roll
take-up roll 27, rotated counterclockwise, as shown by arrow m;. Z~~ithin
the fi(In-forming chamber 2p, there is arranged a cooling can 28 rotated
counterclocl.~.vise, as shown by arrow m2. f~~ithin the fihn-fonning
chamber 25, there is arranged a moisture cooling pwnp, not shown, for
cooling the surface up to approximately-I20C. This cooling pump may be
exemplified by a water-pump (registered trade mark) manufactured by the
PolyCoid Inc.   3 September 2002 15 The resin substrate 29, reeled out from
the payout roil 26 within the payoutltake-up chamber 23 as indicated by
arrow M, is run along the peripheral surface of the film-forming chamber 25
so as to be taken up on the take-up roll 27 in the payoudtake-up chamber
23. For permitting smooth running of the resin substrate 29 under a pre-set
tension, cylindrical guide rolls 30a, 30b, rotated counterclockwise, and a
cylindrical guide roll 31b, rotated counterclocl.~vise, are provided in the
payoutltake-up chamber 23 between the payout roll 26 and the cooling can
28. There are also provided a cylindrical guide roll 31 a, rotated
clockwise, and a cylindrical guide roll 31b, rotated counterclockwise, in
the payout/ta)e-up chamber 23 between the cooling can 28 and the take-up
roll 27. As the resin substrate 29, such a resin substrate tnay be
exemplified which is comprised of a hard coating layer 3 to 6 um in
thickness provided on a resin substrate of polyethylene terephthalate
having a thickness of 188 E,cm, a width of 300 run and a Length of 1I0 mm.
Of course, the payout roll 26, cooling can 28, take-up roll 27, guide rolls
30a to 30c and the guide rolls 31a) 316 are sized to support the resin
substrate 29 in the width-wise direction. Meanwhile, in the film-forming
device, the payout rol I 26) cooling can 28, take up roll 27, guide rolls
30a and 306 and the guide roll 31 b can be rotated not only
countercloci~~vise, as shown by arrow, but also clockwise, while the guide
rolls 30c and 31 a can be rotated not only cloc(cwise but also
counterclockwise, so that the resin substrate 29 taken up on the take-up
roll 27 can again be taken up on the payout roll 26.   3 September 2002 16 



A high frequency etching device 32 is provided behveen the payout roll 26
and the cooling can 28, snore precisely in an area between the guide rolls
30a and 30b in the film-forming chamber 25, for facing the resin substrate
29. A titanutn target 33 is provided as a single cathode for DC sputtering,
between the payout roll 26 and the cooling can 28, more precisely in an
area registering with the peripheral surface of the cooling can 28 in the
film-forming chamber 25. A silicon target 34 is also provided as a dual
cathode for AC sputtering between the cooling can 28 and the take-up roll
27, snore precisely at a position registering with the peripheral surface
of the cooling can 28 in the film-forming chainbei~25. The titanium target
33 may be of a length along the width of the resin substrate 29 of 600 sun
and a length along the running direction of the resin substrate 29
indicated by arrow M of 150 nun. The silicon target 34 may be two silicon
targets arrayed side by side, each silicon target being of a length along
the width of the resin substrate 29 of 600 run and a length along the
running direction of the resin substrate 29 indicated by arrow M of 75
rnrn. There is also provided a light transmittance measurement unit 36
having a light illuminating portion 35a and a light receiving portion 36b
between the cooling can 28 and the take-up roll 27, more precisely at a
position registering with the guide rolls 3 la, 31b in the film-forning
chamber 25, for sand~~~icl~ing the resin substrate 29 along the direction
of thickness, and a measurement unit 3 ~c for measuring how much of light
illuminated by the light illwninating portion 3~a arranged outside the
vacuum   3 September 2002 17 chamber 21 is received by the light receiving
portion 36b. For manufacturing the anti-reflection film according to the
present invention by the above-described filin-forming device, the
following method is used for manufacture. First, the payout roll 26,
cooling can 28, take-up roll 27, guide rolls 30a, 30b and the guide roll
31b are rotated counterclockwise, at the same time as the guide rolls 30c
and 31a are rotated clockwise to reel out the resin substrate 29 from the
payout roll 26 in the direction indicated by arrow M to etch the resin
substrate 29 fast by the high frequency etching device 32 to rise the
substrate surface: ~ The resin substrate 29 is then caused to run along the
periphery of the cooling can 28 so as to be taken up on the take-up roll
27. The payout roll 26, cooling can 28, take-up roll 27, guide rolls 30a,
30b and the guide roll 31b are rotated clockwise, at the swine tune as die
guide rolls 30c and 31a are rotated countercloclwise to take up again the
resin substrate 29, once taken up on the take-up roll 27, on the payout
roll 26. The payout roll 26, cooling can 28, take-up roll 27, guide rolls
30a, 306 and the guide roll 31 b then are rotated counterclockwise, at the
same tune as the guide rolls 30c and 31 a are rotated cloclwise to reel out
the resin substrate 29 from the payout roll 26 in the direction indicated
by arrow M to cause the resin substrate 29 to run on the peripheral surface
of the cooling can 28 to fonn an adhesive layer of a compound having the
chemical formula of SiOx, where x < 2, usuy the silicon target 34 as a dual



3 September 2002 18 cathode by reactive AC sputtering using a plasma
emission monitor. The resin substrate 29 then is run between the light
illuminating portion 35a and the light receiving portion 35b of the light
transmittance measurement unit 36 to measure the thickness of the adhesive
layer 4 formed of a compound represented by the chemical formula SiOx,
where x < 2. The produce is judged as to acceptability based on the results
of measurement, while the subsequent manufacturing conditions are
accordingly adjusted. The resin substrate 29, now carrying the adhesive
layer) then is taken up on the take-up roll 27. The rinsing of the surface
of the resin substrate 29~by the etching by the high fiequency etching
device 32 and the formation of the adhesive layer may be carried out in
succession. The payout roll 26, cooling can 28, take-up roll 27, guide
rolls 30a, 30b and the guide roll 31b are rotated clockwise, at the same
time as the guide rolls 30c and 31a are rotated counterclockwise to take up
again the resin substrate 29, once taken up on the take-up roll 27, on the
payout roll 26. The payout roll 26, cooling can 28, take-uP roll 27, guide
rolls 30a, 30b and the guide roll 316 then are rotated counterclock tse, at
the same tune as the guide rolls 30c and 31a are rotated clocl.~~~ise to
reel out the resin substrate 29 from the payout roll 26 in the direction
indicated by arro~;~ M to cause the resin substrate 29 to run on the
peripheral surface of the cooling can 28 to form a first optical thin film
of titanium nitride, using a titanium target 33 as a single cathode by
reactive DC sputtering using   3 September 2002 19 a plasma emission
monitor. The payout roll 26, cooling can 28, take-up roll 27, guide rolls
30a, 30b and the guide roll 3 lb are rotated cloc)`waise, at the same tune
as the guide rolls 30c and 31 a are rotated counterclockwise to take up
again the resin substrate 29, once taken up on the take-up roll 27, on the
payout roll 26. The payout roll 26, cooling can 28, take-up roll 27, guide
rolls 30a, 30b and the guide roll 31b then are rotated counterclockwise, at
the same time as the guide rolls 30c and 31a are rotated clockwise to reel
out the resin substrate 29 from the payout roll 26 in the direction
indicated by arrow M to cause the resin substrate 29 to run on the
peripheral surface of the cooling can 28 to form a second optical thin film
of SiOz, using a silicon target 34 as a dual cathode by reactit~c DC
sputtering employing a plasma emission monitor. This completes an
anti-reflection film, comprised of the adhesive layer, first optical thin
filin and the second optical thin film, sequentially formed on the resin
substrate 29. The completed filin is taken up of the take-up roll 27. If
the anti-reflection film of the three-IaS~ered structure is formed as
described above, the manufacturing process is markedly simplified in
comparison with the conventional five-layered anti-reflection film, such
that die manufacturing process can be managed in a suppler manner to
facilitate the manufacture and management. Also, in the above-described
specified embodunent of the anti-reflection film 



of the present invention, the total film thickness of the adhesive layer 4
and the fast   3 September 2002 20 and second optical thin films is 106.6
run, which is markedly smaller than the total fihn thickness of the
above-described conventional anti-reflection film which is 215 nrn. The
result is that, if a fihn-forming device in which sputtering can be carried
out in succession as a manufacturing device, the substrate running speed
can be increased in comparison with the conventional device, thus markedly
unproving the productivity. Moreover, in the above-described
anti-reflection film of the present invention, it is possible to endow the
first optical thin film 5 of titanium with electrical conductivity to use
the first optical thin film S as an electrically conductive film in place
of an ITO layer used as an electrically conductive film in the conventional
antireflection filin. If the ITO thin film, used as an electrically
conductive film in the conventional anti-reflection film, is formed by
sputtering, so-called nodules, which are a composite material of indium and
tin, are produced on the target surface. Therefore, the vacuwn chamber
needs to be opened after sputtering the substrate by approoitnately 1000 nm
to clean the target surface. This renders continuous filin formation
difficult such that sputtering can b a re-started only after considerable
tune lapse to lower the productivy~. However, if the above method is used
to manufacture the anti-reflection film of the present im~ention,
continuous filin fonnation is facilitated to unprove the productivity
significantly because the nodules are generated in significantly smaller
amounts on the surface of the titanium target 33 than rn the case of the
ITO layer. EXAMPLES   3 September 2002 21 For confirming the effect o f the
present invention, the following experiment was conducted. First, a
reflectance curve was prepared by simulation for a case in which, in the
anti-reflection film shown in Fig.2, the adhesive layer 4 is a thin film S
run in thickness, formed of a compound represented by the cheirucal formula
SiO,~, where x < 2, the first optical thin filin S is a thin film 13.6 nin
in thickness, fonned of titanium nitride, and the second optical thin film
6 is a thin film of Si02, 88 run in thickness, these having the refractive
indices and the extinction coefficient as shown in Table 1. The refi active
index of the thin-film substrate 1 of the resinsubstrate 3 was set to 1.43,
while that of the hard coating layer 2 is set to 1.49. The results are
shown in Fig.S, in which the abscissa and the ordinate denote the
uravelength and the reflectance, respectively.   wavelength nm380450550.
650780S~U~ refractive index n2.472.422.3l-2.16(adhesive layer) extinction
coefficients k0.51U.240.089-0.057'f iN refractive iildcx
~i-l.83771.60331.5576-(first optical tlllll filin) extinction coefficients
k-0.767G0.90010.9901-Si02 refractive isldex nl.461.481.441.441.45(secom!
optical thin film) extinction coefficients k00000 N N w 'a a 1 



N N   3 September 2002 23 An anti-reflection filin, configured as mentioned
above, was actually produced and its reflectance cun~e measured. The
results are shown in Fig.6, in which the abscissa and the ordinate denote
the wavelength and the reflectance, respectively. As may be seen from
comparison of Figs.S and 6, the results of the simulation coincide with the
measured results satisfactorily. It is thus apparent that, with the
antireflection filin of the present invention, the reflectance
characteristics can be derived from simulation. Thus, an anti-reflection
film was prepared, as the fihn forming conditions for the first optical
thin filin 5, in which the adhesive layer 4 is represented by the chemical
formula of SiO,;, where x < 2, and has a film thickness of 5 run, the fu-st
optical thin film 5 is a thin film formed of titanirun nitride, and those
for the second optical thin film 6 is a thin film of Si02, having the film
thickness of 88 run, were slightly changed, and the anti-reflection
characteristics were also tuned. The reflectance cun~e of the prepared
anti-reflection film was measured. The results are shown in Fig.7, in which
the abscissa and the ordinate denote the wavelength and the reflectance,
respectively. It is seen from the results of Fig.7 that, by adjusting the
characteristics of the first optical thin film 5, low transmittance can be
realized over a wide wavelength range, that is, optunurn reflectance
characteristics can be realized over a wide wavelength range It may be
contemplated that) if the characteristics ofthe other layers are adjusted,
low transmittance can be achieved over tire wide wavelength range, that   3
September 2002 24 is, optimum reflectance characteristics can be realized
over a wide wavelength range. It has now been seen that, by optimizing the
film thicknesses, refractive indices or extinction coefficients of the
respective layers, according to the present invention, an anti-reflection
film can be obtained which is low in transtnittance, that is excellent in
reflection characteristics, over a wide wavelength range. It is noted that
the sheet resistivity of the present anti-reflection filin is of the order
of 400 to 2000 ~2cm.   3 September 2002 25 WIiAT IS CLAIMED IS 



1. An anti-reflection film wherein an adhesive layer is formed on a major
surface of resin substrate; a first optical thin film containing one or
more of titanium nitride, hafnium nitride or zirconium nitride is formed on
said adhesive layer; a second optical thin film having a refractive index
of l.35 to 1.7 is formed on said first optical thin film; and wherein said
adhesive layer is represented by the chemical formula of SiNx, where x <
4/3, or by the formula of SiOxNY, where x < 2 and y < 4/3. 2. An
anti-reflection film wherein an adhesive layer is formed on a major surface
of resin substrate; a first optical thin film containing one or more of
titanium nitride, hafnium nitride or zirconium nitride is formed on said
adhesive layer; a second optical thin film having a refractive index of
l.35 to 1.7 is formed on said first optical thin film; and wherein said
first optical thin film mainly contains titanium nitride and wherein metal
is doped in titanium nitride. 3. An anti-reflection film wherein an
adhesive layer is formed on a major surface of resin substrate; a first
optical thin film containing one or more of titanium nitride, hafnium
nitride or zirconium nitride is formed on said adhesive layer; a second
optical thin film having a refractive index of 1.35 to 1.7 is formed on
said first optical thin film; and wherein said second optical thin f lm is
formed of MgF2 or A1203 4. An anti-reflection film according to claim 2 or
3, wherein said adhesive layer is represented by the chemical formula of
SiNX, where x < 4/3, or by the formula of SiOxNY, where x < 2 and y < 4/3.



3 September 2002 26 5. The anti-reflection film according to claim 2 or 3,
wherein said adhesive layer is represented by the chemical formula of SiOX,
where x < 2. 6. The anti-reflection film according to claim 2 or 3, wherein
said adhesive layer is mainly composed of Ti. 7. The anti-reflection film
according to claim 1 or any one of claims 4 to 6 when dependent on claim 3,
wherein said first optical thin film mainly contains titanium nitride and
wherein metal is doped in titanium nitride. 8. The anti-reflection film
according to claim 7 or any one of claims 4 to 6 when dependent on claim 2,
wherein said metal is tungsten. 9. The anti-reflection film according to
claim 7 or any one of claims 4 to 6 when dependent on claim 2) Wherein said
metal is gold. 10. The anti-reflection film according to claim 1 or any one
of claims 4 to 9 when dependent on claim 1 or 2, wherein said second
optical thin film is formed of MgFz or A1203 11. The anti-reflection film
according to claim 1 or 2, or any of claims 4 to 9 when dependent on claim
1 or 2, wherein said second optical thin film is formed of SiOz. l2. The
anti-reflection according to claim 11 where the physical layer thickness of
the second optical thin film formed of Si02 is 60 to 1 l0 nm. 13. The
anti-reflection film according to any of the preceding claims, wherein said
adhesive layer has a physical layer thickness not larger than 10 nm. 14.
The anti-reflection film according to claim l3 wherein said adhesive layer
has a physical layer thickness of 1 to 7 nm.   3 September 2002 27 15. The
anti-reflection film according to any one of the preceding claims, where
said first optical thin film has a physical layer thickness of 5 to 25 nm. 



16. The anti-reflection film according to any one of the preceding claims,
wherein said first optical thin film mainly contains titanium nitride and
wherein said first optical thin film is electrically conductive. 17. The
anti-reflection film according to any one of the preceding claims, wherein
a hard coating layer is formed on the surface of the resin substrate facing
the adhesive layer and wherein an adhesive layer is formed on said hard
coating layer. 18. A cathode ray tube wherein, on a face plate surface side
of a display portion, an anti-reflection film comprised of an adhesive
layer formed on a major surface of a resin substrate, a first optical thin
film containing at least one or more of titanium nitride, hafnium nitride
and zirconium nitride, said first optical thin film being formed on said
adhesive layer and a second optical thin film with a refractive index of
1.35 to 1.7 formed on said first optical thin film, said anti-reflection
film being arranged facing said resin substrate. 19. The cathode ray tube
according to claim 16 wherein said first optical thin film mainly contains
titanium nitride, said first optical thin film being electrically
conductive and grounded. 20. A cathode ray tube comprising a display
portion having an anti-reflection film according to any one of claims l to
17 on a face plate surface side thereof. .AsnL.A.A,5?.A,e.A5.A
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