
US 20020127380A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0127380 A1 
(19) United States 

Suzuki (43) Pub. Date: Sep. 12, 2002 

(54) LOW-REFLECTIVE THIN-FILM SUBSTRATE Mar. 4, 1996 (JP) ..................................... .. 046481/1996 
Apr. 17, 1996 (JP) ..................................... .. 095708/1996 

(76) Inventor: Tadakatsu Suzuki, Miyagi (JP) 

Correspondence Address: 
WENDEROTH, LIND & PONACK, L.L.P. 
2033 K STREET N. W. 
SUITE 800 
WASHINGTON, DC 20006-1021 (US) 

(21) Appl. No.: 10/090,725 

(22) Filed: Mar. 6, 2002 

Related US. Application Data 

(63) Continuation of application No. 09/691,246, ?led on 
Oct. 19, 2000, noW abandoned, Which is a continua 
tion of application No. 09/125,777, ?led on Feb. 16, 
1999, noW abandoned, ?led as 371 of international 
application No. PCT/JP97/00553, ?led on Feb. 26, 
1997. 

(30) Foreign Application Priority Data 

Feb. 26, 1996 (JP) ..................................... .. 038425/1996 

14 

Publication Classi?cation 

(51) Int. Cl? ..................................................... .. B32B 3/00 

(52) US. Cl. ............................................................ ..428/210 

(57) ABSTRACT 

AloW-re?ective thin-?lm substrate comprising a transparent 
glass substrate having formed by sputtering a thin ?lm in 
multilayer containing no chromium series component and 
made up of at least one kind of Ni, Fe, Co, Mo, W, Ta, Cu, 
and Nb as a main constituent form or as an alloy thereof, the 
thin ?lm having a minimum re?ectivity of 0.5% or loWer 
and the optical density of at least 4 or having a minimum 
re?ectivity of 0.1% or loWer, a maximum re?ectivity of 
2.0% or loWer, an average re?ectivity of 0.3% or loWer, and 
an optical density of at least 4.0, in the visible light region. 

The loW-re?ective thin-?lm substrate is useful as a black 
matrix for a color ?lter substrate of a liquid crystal panel, 
etc., and is free from an environmental pollution caused by 
the use of a chromium component as the target material. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 8 

10 

Reflectivity (%) / 
/ Inn-1 

Wavelength ( n m) 





US 2002/0127380 A1 

LOW-REFLECTIVE THIN-FILM SUBSTRATE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a loW-re?ective 
thin-?lm substrate. More speci?cally, the present invention 
relates to a loW-re?ective metal'alloy system thin-?lm sub 
strate Which is used in the ?elds relating to an optical thin 
?lm having a light shielding property and a light re?ection 
preventing property, such as, for example, a black matrix 
particularly useful for the production of a color ?lter sub 
strate for a liquid crystal panel and a projector frame useful 
for the production of a projector. 

BACKGROUND OF THE INVENTION 

[0002] A color liquid crystal panel is utiliZed over a Wide 
?eld in display devices of information instruments, etc., and 
With the progress of the recent information-oriented society, 
the development aiming at a larger picture and a higher 
precision has been made. 

[0003] In such a color liquid crystal panel, to increase the 
contrast of the picture and to sharpen the displayed picture 
by increasing the coloring effect, each black matrix shoWing 
a less re?ectance and having a good light-shielding property 
is disposed betWeen each color ?lter pixels of red (R), green 
(G), and blue 

[0004] Hitherto, the black matrix is produced by applying 
patterning by etching using a knoWn photolithographic 
technique to a loW-re?ective thin-?lm substrate formed by 
laminating metal layers, etc., by sputtering metal targets 
such as chromium, etc. As such a laminated loW-re?ective 
thin-?lm substrate, a loW-re?ective thin-?lm substrate 
formed by laminating a chromium oxide layer and a chro 
mium metal layer is knoWn. 

[0005] In this case, because the re?ectivity is restrained by 
the interference of light by the laminated layers in multilayer 
and the laminated layers included a chromium metal layer 
having a high re?ectivity and a less transmissibility of light, 
the laminated loW-re?ective thin-?lm substrate has a light 
shielding function. 

[0006] Also, in regard to the black matrix, it has been 
required to loWer the re?ectivity for easily seeing images by 
restraining the re?ection images such as a face, etc., and the 
background onto a display panel as completely as possible 
and also to keep the optical density of the black matrix above 
a de?nite level because if the light from a back light in the 
inside of the panel transmits, the color tone does not become 
clear. 

[0007] From the vieW point, to produce a loW-re?ective 
thin-?lm substrate having a loW re?ectivity and a de?nite 
optical density, a method of forming ?lm(s) by sputtering a 
material containing chromium metal as a target has hitherto 
been knoWn and utiliZed as a typical technique. 

[0008] HoWever, in general, chromium having other 
valences than hexavalence has less toxicity but chromium 
having a hexa-valence has a strong toxicity and there is a 
problem of causing an environmental pollution. Thus, 
recently, in vieW of public opinion, there is a tendency of 
restraining the use of chromium metal in the production of 
liquid crystal panels and a loW-re?ective thin-?lm substrate 
containing no chromium component has been required. 

Sep. 12, 2002 

[0009] Furthermore, although in a knoWn loW-re?ective 
chromium thin ?lm, the minimum re?ectivity is 0.5% or 
loWer (the Wavelength is about 600 nm) and the optical 
density is 4.0 or higher, it is the present situation that the 
average re?ectivity (the value obtained by summing up the 
re?ectivities per an interval of, for example, 1 nm in 
Wavelength and dividing the sum up value by the number of 
the measured points) in a Wavelength region of from 400 to 
700 nm (almost the Whole region of visible light) is 1.5% or 
higher and the maximum re?ectivity exceeds 5%. The 
re?ectivity is con?rmed by measuring an aluminum thin ?lm 
as a reference using a microspectroscope, OSP-SP 200, trade 
name, manufactured by Olympus Optical Company Limited 
and does no contain the re?ectivity from a glass surface. 

[0010] In general, in a loW-re?ective thin-?lm substrate 
Wherein the minimum re?ectivity is 0.5% or loWer and the 
maximum re?ectivity exceeds 5%, the re?ected color is 
in?uenced by the Wavelength shoWing the maximum re?ec 
tivity. In fact, for example, in the Wavelength region of from 
400 to 700 nm, When the Wavelength shoWing the maximum 
re?ectivity is in a short Wavelength side of 400 nm (near), 
a bluish purple color is emphasiZed in the re?ected color and 
When the Wavelength shoWing the maximum re?ectivity is 
in a long Wavelength side of 700 nm (near), a red color is 
emphasiZed in the re?ected color. 

[0011] When such a loW-re?ective thin-?lm substrate is 
used as a projector frame, there is a fault that the frame 
projected onto a screen becomes bluish purple or red. 

[0012] Also, it is proposed to use a resin as a loW 
re?ective thin-?lm substrate but in the case of using the 
resin, because the resin is inferior in the points of the light 
resistance and the heat resistance as compared With the case 
of using inorganic materials, there is a problem that the 
optical characteristics are greatly deteriorated by an intense 
light source. 

[0013] Accordingly, recently, the realiZation of a loW 
re?ective thin-?lm substrate Which does not cause an envi 
ronmental problem as caused in the case of a chromium 
substrate as described above as Well as has a loW re?ectivity 
in almost all the Wavelength region of visible light and also 
is excellent in the light resistance has been required. 

SUMMARY OF THE INVENTION 

[0014] The present invention has been made for solving 
the above-described problems in the conventional tech 
niques. 
[0015] That is, according to a ?rst aspect of the present 
invention, there is provided a loW-re?ective thin-?lm sub 
strate comprising a transparent glass substrate having 
formed thereon by sputtering a thin ?lm made of at least one 
kind of Ni, Fe, Co, Mo, W, Ta, and Nb and having a 
minimum re?ectivity of 0.5% or loWer and an optical 
density of at least 4 in the visible light region. 

[0016] Also, according to a second aspect of the present 
invention, there is provided a loW-re?ective thin-?lm sub 
strate comprising a transparent glass substrate having 
formed thereon by sputtering a thin ?lm in multilayer 
containing no Cr and made of at least one kind of Ni, Fe, Co, 
Mo, W, Ta, Cu, and Nb. 

[0017] Furthermore, according to a third aspect of the 
present invention, there is provided a loW-re?ective thin 
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?lm substrate comprising a transparent glass substrate hav 
ing formed thereon by sputtering an aluminum series thin 
?lm having a minimum re?ectivity of 0.5% or loWer and an 
average re?ectivity of 2% or loWer in a visible light region. 

[0018] Also, according to a fourth aspect of the present 
invention, there is provided a loW-re?ective thin-?lm sub 
strate of the third aspect Wherein the optical density of the 
thin ?lm is at least 4. 

[0019] Still further, according to a ?fth aspect of the 
present invention, there is provided a loW-re?ective thin 
?lm substrate comprising a transparent glass substrate hav 
ing formed thereon by sputtering a thin ?lm or a thin ?lm in 
multilayer containing no Cr and made of aluminum as a 
main constituent. 

[0020] Also, according to a siXth aspect of the present 
invention, there is provided a loW-re?ective thin-?lm sub 
strate comprising a transparent glass substrate having 
formed thereon by sputtering a thin ?lm having a minimum 
re?ectivity of 0.1% or loWer, a maXimum re?ectivity of 
2.0% or loWer, and an average re?ectivity of 0.3% or loWer 
in the visible light region. 

[0021] Furthermore, according to a seventh aspect of the 
present invention, there is provided a loW-re?ective thin 
?lm substrate of the siXth aspect Wherein the optical density 
of the thin ?lm is at least 4.0. 

[0022] Still further, according an eighth aspect of the 
present invention, there is provided a loW-re?ective thin 
?lm substrate comprising a transparent glass substrate hav 
ing formed thereon by sputtering a thin ?lm of Ta in 
multilayer. 

[0023] Also, according to a ninth aspect of the present 
invention, there is provided a loW-re?ective thin-?lm sub 
strate of the eighth aspect Wherein the thin ?lm of Ta 
contains at least one kind of Ni, Fe, Co, W, Nb, Cu, Ti, Zr, 
and Sn. 

[0024] Moreover, according to a tenth aspect of the 
present invention, there is provided a loW-re?ective thin 
?lm substrate of the ?rst to ninth aspects Wherein sputtering 
is carried out under a gas atmosphere of at least one kind of 
an inert gas, an oXygen gas, and a carbon oXide gas in a 
vacuum ?lm-forming apparatus. 

[0025] That is, according to the present invention, the 
loW-re?ective thin-?lm substrate is obtained Without using a 
chromium series metal in the production process thereof as 
Well as the characteristics such as the optical density, the 
re?ectivity, etc., thereof are by no means inferior to the 
characteristics of the case of forming the thin ?lm using a 
chromium series metal and further, the results that the 
re?ectivity is loW in the Wide Wavelength region of visible 
light and the form of the spectral re?ectivity curve is 
?attened in a Wide range are also obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a schematic cross-sectional vieW of a 
double layer structure illustrating an embodiment of the 
loW-re?ective thin-?lm substrate of the present invention, 

[0027] FIG. 2 is a graph illustrating the relation of the 
Wavelength of light and the re?ectivity in a loW-re?ective 
thin-?lm substrate, Wherein curve A is the curve by the 
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loW-re?ective nickel-iron alloy thin-?lm substrate of 
EXample 1 and curve B is the curve by a loW-re?ective 
chromium thin-?lm substrate for comparison, 

[0028] FIG. 3 is a schematic cross-sectional vieW of a 
three-layer structure illustrating another embodiment of the 
loW-re?ective thin-?lm substrate of the present invention, 

[0029] FIG. 4 is a graph illustrating the Wavelength of 
light and the re?ectivity in a loW-re?ective thin-?lm sub 
strate, Wherein curve C is the curve by the loW-re?ective 
nickel-molybdenum alloy thin-?lm substrate of EXample 2 
and curve D is the curve by the loW-re?ective nickel 
tungsten alloy thin-?lm substrate of EXample 3, 

[0030] FIG. 5 is a graph illustrating the relation of the 
Wavelength of light and the re?ectivity in a loW-re?ective 
thin-?lm substrate, Wherein curve E is the curve by the 
loW-re?ective nickel-copper alloy thin-?lm substrate of 
EXample 4, 

[0031] FIG. 6 is a graph illustrating the relation of the 
Wavelength of light and the re?ectivity in a loW-re?ective 
thin-?lm substrate, Wherein curve F is the curve by the 
loW-re?ective aluminum thin-?lm substrate of the present 
invention and curve G is the curve by a loW-re?ective 
chromium thin-?lm substrate for comparison, 

[0032] FIG. 7 is graphs simply illustrating the Wave 
length-refractive indeX characteristics obtained by forming a 
single layer of each of the layers of the loW-re?ective 
aluminum thin-?lm substrate of the present invention on a 
transparent glass substrate and measuring by an optical 
ellipsometer, Wherein (a) shoWs the Wavelength-refractive 
indeX characteristics of the ?rst layer, (b) shoWs those of the 
second layer, and (c) shoWs those of the third layer, 

[0033] FIG. 8 is a graph illustrating the relation of the 
Wavelength of light and the re?ectivity in a loW-re?ective 
thin-?lm substrate, Wherein curve H is the curve by the 
loW-re?ective tantalum thin-?lm substrate of the present 
invention and curve I is the curve by a loW-re?ective 
chromium thin-?lm substrate for comparison, and 

[0034] FIG. 9 is graphs simply illustrating the Wave 
length-refractive indeX characteristics obtained by forming a 
single layer of each of the layers of the loW-re?ective 
tantalum thin-?lm substrate of the present invention on a 
transparent glass substrate and measuring an optical ellip 
someter, Wherein (a) shoWs the Wavelength-refractive indeX 
characteristics of the ?rst layer, (b) shoWs those of the 
second layer, and (c) shoWs those of the third layer. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0035] Then, the present invention is described in detail. 

[0036] As described above, the essential feature of the 
loW-re?ective thin-?lm substrate of the present invention is 
that it is the loW-re?ective thin-?lm substrate having the 
optical characteristics Which have never been knoWn as a 
loW-re?ective thin-?lm substrate and that it does not contain 
chromium at all. 

[0037] The loW-re?ective thin-?lm substrate of the present 
invention is laminated in multilayer as a conventional loW 
re?ective chromium thin-?lm substrate and, for example, is 
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laminated in from about 2 to 7 layers. In this case, the 
thickness of each layer is properly selected. 

[0038] In the present invention, sputtering can be prac 
ticed as so-called reactive gas sputtering and an inert gas 
such as nitrogen, etc., including a rare gas such as argon, 
etc., an oxygen gas, or a carbon oxide gas such as CO, CO2, 
etc. , is shoWn as a typical example of the atmosphere for 
sputtering. 

[0039] The target material includes iron group metals, that 
is, the materials made up of at least one kind-of Ni, Fe, Co, 
Mo, W, Ta, and Nb, for example, typically, alloys such as 
Ni-Fe (Permalloy), Ni-Co, Fe-Co, Ni-Fe-Co, Ni-Mo, Ni-W, 
Ni-Ta, Fe-Mo, Fe-W, Fe-Nb, Ni-Cu, Ni-Mo-Ta, etc., and 
metals such as Ta, Nb, etc. In sputtering Wherein the target 
material may contain at least one kind of Cu, Ti, Zr, and Sn 
as an accelerating addition component, in the case of the 
sputtering ?lm formation of tWo layers, it is considered to 
make the thickness of the ?rst layer (the layer formed on a 
transparent glass substrate) to the range of from 30 to 60 nm 
and the thickness of the second layer to the range of from 70 
to 160 nm, and also in the case of the sputtering ?lm 
formation of three layers, to make the thickness of the ?rst 
layer to the range of from 1 to 60 nm, the thickness of the 
second layer to the range of from 20 to 80 nm, and the 
thickness of the third layer to the range of from 80 to 150 
nm. 

[0040] In sputtering using as the target material an alumi 
num series material, such as, typically, aluminum or a 
material made up of aluminum as a main constituent, Which 
further properly contains titanium, Zirconium, tantalum, 
hafnium, and other elements, in the case of the sputtering 
?lm formation of three layers, it is considered to make the 
thickness of the ?rst layer (the layer formed on a transparent 
glass substrate) to the range of from 40 to 60 nm, the 
thickness of the second layer to the range of from 280 to 320 
nm, and the thickness of the third layer to the range of from 
40 to 100 nm. 

[0041] Also, in sputtering using as the target material Ta or 
a Ta alloy containing at least one kind of Ni, Fe, Co, and W, 
the Ta or Ta alloy further contains at least one kind of Cu, 
Ti, Zr, and Sn, the loW-re?ective thin-?lm substrate obtained 
has a light-shielding function because the re?ectivity is 
restrained by the interference of light caused by the lami 
nated layers in multilayer and the laminated layers includes 
a tantalum metal layer having a high re?ectivity and a less 
transmissivity of light. In the sputtering ?lm formation of 
this case, it is considered to make the thickness of the ?rst 
layer (the layer formed on a transparent glass substrate) to 
the range of from 40 to 60 nm, the thickness of the second 
layer to the range of from 20 to 50 nm, and the thickness of 
the third layer to the range of from 150 to 200 nm. 

[0042] The folloWing Examples are intended to illustrate 
the present invention in more detail but, as a matter of 
course, not to limit the invention in any Way. 

EXAMPLE 

Example 1 

[0043] Atransparent glass substrate (thin plate glass, 1737 
material, made by Corning Glass Works) Was used as a 
transparent substrate and after Washing to obtain a clean 
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surface thereof, the transparent glass substrate Was mounted 
on a batch-type reactive gas sputtering apparatus such that 
the glass substrate faced a sputtering target made up of a 
nickel (80 Wt. %)-iron (20 Wt. %) alloy. 

[0044] The sputtering apparatus Was evacuated until the 
inside pressure became 2.0><10_6 Torr or loWer, then 360 
sccm of a nitrogen gas and 40 sccm of an oxygen gas Were 
introduced into the sputtering apparatus, and sputtering Was 
carried out in the atmosphere at a sputtering electric poWer 
of 5 kW for 7.5 minutes to form a layer on a transparent glass 
substrate (3) as shoWn in FIG. 1 of the accompanying 
draWing. Also, in this case, the substrate Was not heated at 
sputtering. That is, by the reactive gas sputtering using the 
above-described nickel-iron alloy as the target, a ?rst layer 
(1) Was formed on the transparent glass substrate (3) at a 
layer thickness of 44 nm. 

[0045] Then, 200 sccm of an argon gas Was introducing 
into the sputtering apparatus and sputtering Was carried out 
in the atmosphere of a ?lm-forming pressure of 1.7103 
mTorr at a sputtering electric poWer of 5 kW for about 12 
minutes Without heating the substrate. By the reactive gas 
sputtering using the above-described nickel-iron alloy as the 
target, a second layer (2) Was formed on the ?rst layer (1) at 
a thickness of 110 nm. 

[0046] The total ?lm-thickness of the loW-re?ective thin 
?lm substrate (4) of a double-layer structure obtained Was 
about 154 nm. Also, the optical density thereof Was 4.3, 
Which shoWs the excellent light-shielding property of the 
loW-re?ective thin-?lm substrate. 

[0047] Also, the relation of the Wavelength of light and the 
re?ectivity in the loW-re?ective thin-?lm substrate Was as 
shoWn by the curve A of FIG. 2, that is, the maximum 
re?ectivity in the visible light region (i.e., the Wavelength 
region of from 400 to 700 nm ) Was 0.05% or loWer and the 
maximum re?ectivity Was 6.3% or loWer When the Wave 
length Was about 600 nm, Which Were very loW. Also, in this 
case, the re?ectivity Was measured using a microspectro 
scope, OSP-SP 200, manufactured by Olympus Optical 
Company Limited using an aluminum thin ?lm as a refer 
ence and did not include the re?ectivity from a glass surface 
and so forth. 

[0048] For comparison, the re?ectivity curve B of a loW 
re?ective thin-?lm chromium substrate obtained using a 
chromium metal as the sputtering target Was shoWn together 
in FIG. 2. 

[0049] As is clear from the comparison of the curve AWith 
the curve B of FIG. 2, the loW-re?ective thin-?lm substrate 
by the present invention is by no means inferior to the 
loW-re?ective chromium thin-?lm substrate in regard to the 
optical characteristics such as the minimum re?ectivity, etc. 

[0050] In addition, When the above-described ?rst layer is 
formed as a multilayer structure by properly changing the 
kind of the introducing gases and the ?oW ratio of the 
introducing gases, the similar loW-re?ective thin-?lm sub 
strate is obtained. 

[0051] As the target material, it Was con?rmed that in 
addition to the above-described nickel-iron alloy, a nickel 
molybdenum (28 Wt. %) alloy, a nickel-tungsten (19.1 Wt. 
%) alloy, nickel alloys containing copper and other ele 
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ments, etc., Were similarly useful for producing the loW 
re?ective thin-?lm substrates. 

Example 2 

[0052] A ?lm formation Was carried out using a sputtering 
target made of a nickel (72 Wt. %) -molybdenum (28 Wt. %) 
alloy and also using the transparent glass substrate and the 
sputtering apparatus as in Example 1. 

[0053] The sputtering apparatus Was evaluated until the 
inside pressure became 2.0><10_6 Torr or loWer and then, 
after introducing therein 300 sccm of a nitrogen gas and 100 
sccm of an oxygen gas, sputtering Was carried out in the 
atmosphere of the ?lm-forming pressure of about 2.3 mTorr 
at a sputtering electric poWer of 7.0 kW for 615 seconds. In 
this case, the temperature of the substrate Was about 200° C. 
By the reactive gas sputtering using the above-described 
nickel-molybdenum alloy as the target, a ?rst layer (11) Was 
formed on a transparent glass substrate (3) at a thickness of 
41 nm as shoWn in FIG. 3. 

[0054] Then, 240 sccm of an argon gas, 160 sccm of a 
nitrogen gas, and 40 sccm of an oxygen gas Were introduc 
ing into the sputtering apparatus and sputtering Was carried 
out in the atmosphere of a ?lm-forming pressure of about 3.3 
mTorr at a sputtering electric poWer of 8.3 kW for 280 
seconds. By the reactive gas sputtering using the above 
described nickel-molybdenum alloy as the target, a second 
layer (12) Was formed on the ?rst layer (11) at a thickness 
of 41 nm. 

[0055] Then, successively, 200 sccm of a nitrogen gas Was 
introduced into the sputtering apparatus and sputtering Was 
carried out in the atmosphere of the ?lm-forming pressure of 
about 1.2 mTorr at a sputtering electric poWer of 8.3 kW for 
1330 seconds. By the reactive gas sputtering using the 
above-described nickel-molybdenum alloy as the target, a 
third layer (13) Was formed on the second layer (12) at a 
thickness of 115 nm. 

[0056] In addition, in place of using 200 sccm of the 
nitrogen gas used for forming the third layer (13), an argon 
gas or a mixed gas of an argon gas With a nitrogen gas or an 
oxygen gas can be introduced. 

[0057] The total ?lm thickness of a loW-re?ective thin 
?lm substrate (14) of a three-layer structure obtained Was 
197 nm and the optical density thereof Was 4.1, Which 
shoWed the excellent light-shielding property of the loW 
re?ective thin-?lm substrate. 

[0058] Also, the relation of the Wavelength of light and the 
re?ectivity in the loW-re?ective thin-?lm substrate obtained 
is as shoWn in the curve C of FIG. 4, that is, the minimum 
re?ectivity in the visible light region (i.e., the Wavelength 
region of from 400 to 700 nm) Was 0.05% or loWer When the 
Wavelength Was 600 nm and the maximum re?ectivity 
thereof Was 4.7%, Which Were very loW. 

Example 3 

[0059] A ?lm formation Was carried out using the sput 
tering target made up of a nickel (80.9 Wt. %) -tungsten (19.1 
Wt. %) alloy and using the transparent glass substrate and the 
sputtering apparatus as used in Example 1. 

[0060] The sputtering apparatus Was evaluated until the 
inside pressure became 2.0><10_6 Torr or loWer and then, 
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after introducing 340 sccm of a nitrogen gas and 60 sccm of 
an oxygen gas into the sputtering apparatus, sputtering Was 
carried out in the atmosphere of the ?lm-forming pressure of 
about 2.3 mTorr at a sputtering electric poWer of 8.3 kW for 
195 seconds. Also, in this case, the temperature of the 
substrate Was about 200° C. By the reactive gas sputtering 
using the above-described nickel-tungsten alloy as the tar 
get, a ?rst layer (11) Was formed on a transparent glass (3) 
at a thickness of 17 nm as shoWn in FIG. 4. 

[0061] Then, 120 sccm of an argon gas, 240 sccm of a 
nitrogen gas, and 40 sccm of an oxygen gas Were introduced 
into the sputtering apparatus and sputtering Was carried out 
in the atmosphere of the ?lm-forming pressure of about 2.5 
mTorr at a sputtering electric poWer of 8.3 kW for 238 
seconds. By the reactive gas sputtering using the above 
described nickel-tungsten alloy as the target, a second layer 
(12) Was formed on the ?rst layer (11) at a thickness of 32 
nm. 

[0062] Then, 200 sccm of an argon gas Was introduced 
into the sputtering apparatus and sputtering Was carried out 
in the atmosphere of a ?lm-forming pressure of about 2.0 
mTorr at a sputtering electric poWer of 8.3 kW for 400 
seconds. By the reactive gas sputtering using the above 
described nickel-tungsten alloy as the target, a third layer 
(13) Was formed in the second layer (12) at a thickness of 
100 nm. 

[0063] The total ?lm thickness of a loW-re?ective thin 
?lm substrate (14) of a three-layer structure obtained Was 
149 nm and the optical density thereof Was 4.2, Which 
shoWed the excellent light-shielding property of the loW 
re?ective thin-?lm substrate. 

[0064] Also, the relation of the Wavelength of light and the 
re?ectivity in the loW-re?ective thin-?lm substrate obtained 
is as shoWn in the curve D of FIG. 4, that is, the minimum 
re?ectivity in the visible light region (i.e., the Wavelength 
region of from 400 to 700 nm) Was 0.12% or loWer When the 
Wavelength Was 610 nm and the maximum re?ectivity 
thereof Was 6.88%, Which Were very loW. 

Example 4 

[0065] A ?lm formation Was carried out using the sput 
tering target made up of a nickel (55 Wt. %) -copper (45 Wt. 
%) alloy and using the transparent glass substrate and the 
sputtering apparatus as used in Example 1. 

[0066] The sputtering apparatus Was evaluated until the 
inside pressure became 2.0><10_6 Torr or loWer and then, 
after introducing 240 sccm of a nitrogen gas , 80 sccm of an 
oxygen gas, and 80 sccm of an argon gas into the sputtering 
apparatus, sputtering Was carried out in the atmosphere of 
the ?lm-forming pressure of about 2.5 mTorr at a sputtering 
electric poWer of 6.0 kW for 330 seconds. In this case, the 
temperature of the substrate Was about 200° C. Also, in this 
case, by the reactive gas sputtering using the above-de 
scribed nickel-copper alloy as the target, a ?rst layer (1) Was 
formed on a transparent glass (3) at a thickness of 45 nm as 
shoWn in FIG. 1 of the accompanying draWing. 

[0067] Then, 140 sccm of an argon gas and 60 sccm of a 
nitrogen gas Were introduced into the sputtering apparatus 
and sputtering Was carried out in the atmosphere of the 
?lm-forming pressure of about 2.0 mTorr at a sputtering 
electric poWer of 8.3 kW for 550 seconds. By the reactive 
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gas sputtering using the above-described nickel-copper alloy 
as the target, a second layer (2) Was formed on the ?rst layer 
(1) at a thickness of 140 nm. 

[0068] The total ?lm thickness of a loW-re?ective thin 
?lm substrate (4) of the double-layer structure obtained Was 
185 nm and the optical density thereof Was 4.1, Which 
shoWed the excellent light-shielding property of the loW 
re?ective thin-?lm substrate. 

[0069] Also, the relation of the Wavelength of light and the 
re?ectivity in the loW-re?ective thin-?lm substrate obtained 
is as shoWn in the curve E of FIG. 5, that is, the minimum 
re?ectivity in the visible light region (i.e., the Wavelength 
region of from 400 to 700 nm) Was 0.11% or loWer When the 
Wavelength Was 610 nm and the maximum re?ectivity 
thereof Was 6.06%, Which Were very loW. 

Example 5 

[0070] Atransparent glass substrate (thin plate glass, 1737 
material, made by Corning Glass Works) Was used as a 
transparent substrate and after Washing to obtain a clean 
surface thereof, the transparent glass substrate Was mounted 
on a batch-type reactive gas sputtering apparatus such that 
the glass substrate faced a sputtering target of a metal 
(containing 4 Wt. % titanium) made up of aluminum as a 
main constituent. 

[0071] The sputtering apparatus Was evacuated until the 
inside pressure became 0.1 mTorr or loWer, then 140 sccm 
of an argon gas and 60 sccm of a nitrogen gas Were 
introduced into the sputtering apparatus, and sputtering Was 
carried out in the atmosphere at a sputtering electric poWer 
of 10 kW for 10 minutes to form a ?lm on a transparent glass 
substrate (3) as shoWn in FIG. 3 of the accompanying 
draWing. In this case, the ?lm-forming pressure Was kept at 
1.8103 mTorr. Also, in this case, the substrate Was not 
heated at sputtering. 

[0072] Then, by the reactive gas sputtering using as the 
target the above-described metal made up of aluminum as a 
main constituent, a ?rst layer (11) Was formed on the 
transparent glass substrate (3) at a thickness of 48 nm. 

[0073] Then, 160 sccm of an argon gas and 40 sccm of a 
nitrogen gas Were introducing into the sputtering apparatus 
and sputtering Was carried out in the atmosphere of a 
?lm-forming pressure of 1.7103 mTorr at a sputtering 
electric poWer of 10 kW for about 15 minutes Without 
heating the substrate. By the reactive gas sputtering using as 
the target the above-described metal made up of aluminum 
as a main constituent, a second layer (12) Was formed on the 
?rst layer (11) at a thickness of 293 nm. 

[0074] Then, 200 sccm of an argon gas Was introducing 
into the sputtering apparatus and sputtering Was carried out 
in the atmosphere of the ?lm-forming pressure of 2.1103 
mTorr at a sputtering electric poWer of 10 kW for about 3 
minutes Without heating the substrate. By the reactive gas 
sputtering using as the target the metal made up of aluminum 
as a main constituent, a third layer (13) Was formed on the 
second layer (12) at a thickness of 51 nm. 

[0075] The total average thickness of a loW-re?ective 
thin-?lm substrate (14) thus obtained Was about 392 nm. 
Also, the optical density thereof Was 5.1, Which shoWed the 
excellent light-shielding property of the loW-re?ective thin 
?lm substrate. 
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[0076] Also, the relation of the Wavelength of light and the 
re?ectivity in the loW-re?ective thin-?lm substrate Was as 
shoWn by the curve F of FIG. 6, that is, the minimum 
re?ectivity in the visible light region (i.e., the Wavelength 
region of 400 to 700 nm) Was 0.1% or loWer and the average 
re?ectivity in the visible light region Was 2% or loWer. 

[0077] For comparison, the re?ectivity curve G of a loW 
re?ective chromium thin-?lm substrate obtained using a 
chromium metal as the sputtering target Was shoWn together 
in FIG. 6. 

[0078] As is clear from the comparison of the curve F With 
the curve G in FIG. 6, the loW-re?ective aluminum thin-?lm 
substrate of the present invention is by no means inferior to 
the loW-re?ective chromium thin-?lm substrate in regard to 
the minimum re?ectivity, and also, the average re?ectivity 
of the loW-re?ective aluminum thin-?lm substrate of the 
present invention is 0.93%, Which is considerably loWer than 
1.9% of that of the loW-re?ective chromium thin-?lm sub 
strate. 

Example 6 

[0079] Each single layer of the layers from the ?rst layer 
to the third layer of the loW-re?ective aluminum thin-?lm 
substrate of Example 5 Was formed on each transparent glass 
substrate and the refractive index thereof Was evaluated 
using a spectral ellipsometer made by SOPRA Co. An 
example of the result thereof Was shoWn in FIG. 7. 

Example 7 

[0080] Atransparent glass substrate (thin plate glass, 7059 
material, made by Corning Glass Works) Was used as a 
transparent substrate and after Washing to obtain a clean 
surface thereof, the transparent glass substrate Was mounted 
on a batch-type reactive gas sputtering apparatus such that 
the glass substrate faced a sputtering target made up of a 
tantalum (Ta). In addition, the transparent glass substrate 
Was not heated. 

[0081] The sputtering apparatus Was evacuated until the 
inside pressure became 2.0><10_6 Torr or loWer, then 200 
sccm of an argon gas and 200 sccm of an oxygen gas Were 
introduced into the sputtering apparatus, and sputtering Was 
carried out in the atmosphere of the pressure of 22x10‘3 
Torr at a sputtering electric poWer of 8.3 kW for about 27 
minutes. By the reactive gas sputtering using tantalum as the 
target, a ?rst layer (11) Was formed on a transparent glass 
substrate (3) at a thickness of about 51 nm as shoWn in FIG. 
3 of the accompanying draWing. 

[0082] Then, 240 sccm of an argon gas and 160 sccm of 
a nitrogen gas Were introducing into the sputtering apparatus 
and sputtering Was carried out in the atmosphere of 23x10“3 
Torr at a sputtering electric poWer of 8.3 kW for about 5 
minutes. By the reactive gas sputtering using tantalum as the 
target, a second layer (12) Was formed on the ?rst layer (11) 
at a thickness of about 35 nm. 

[0083] Then, 200 sccm of an argon gas Was introduced 
into the sputtering apparatus and sputtering Was carried out 
in the atmosphere of 15x10‘3 Torr at a sputtering electric 
poWer of 8.3 kW for about 35 minutes. By the reactive gas 
sputtering using tantalum as the target, a third layer (13) Was 
formed on the second layer (12) at a thickness of about 170 
nm. 
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[0084] The total ?lm thickness of a loW-re?ective thin 
?lm substrate (14) of a three-layer structure obtained Was 
about 256 nm. The optical density thereof Was 4.2 and thus 
the loW-re?ective thin-?lm substrate obtained Was excellent 
in the light-shielding property. 

[0085] Also, the relation of the Wavelength of light and the 
re?ectivity in the loW-re?ective thin-?lm substrate Was as 
shoWn in the curve H of FIG. 8, that is, the minimum 
re?ectivity thereof Was 0.01% or loWer, the maximum 
re?ectivity Was 1.53%, and the average re?ectivity Was 
0.24% or loWer in the measured Wavelength in the visible 
light region of from 400 to 700 nm, and thus the loW 
re?ective thin-?lm substrate having a very loW re?ectivity 
Was obtained. 

[0086] For comparison, the re?ectivity curve I of a loW 
re?ective chromium thin-?lm substrate obtained using a 
chromium metal as the sputtering target is shoWn together in 
FIG. 8. 

[0087] As is clear from the comparison of the curve H With 
the curve I in FIG. 8, the re?ectivity of the loW-re?ective 
tantalum thin-?lm substrate of the present invention is loW 
in a Wide range of the measured Wavelengths as compared 
With the loW-re?ective chromium thin-?lm substrate. In 
particular, it can be seen that the re?ectivities in the Wave 
length of about 400 nm and the Wavelength of about 700 nm 
are clearly loW in the loW-re?ective tantalum thin-?lm 
substrate of the present invention as compared With the 
comparative loW-re?ective chromium thin-?lm substrate. 

[0088] The re?ective characteristic values of the loW 
re?ective thin-?lm substrates are shoWn in Table 1 beloW. 
The range of the measured Wavelength is from 400 nm to 
700 nm. 

TABLE 1 

Kind of lOW- Re?ectivity of each 
re?ective thin-?lm Minimum measured Wavelength Average 
substrate (target re?ectivity % re?ectivity 

material used) (%) 400 nm 700 nm (%) 

Chromium 20.01 6.10 2.08 1.76 
Tantalum 20.01 1.53 0.15 0.23 

[0089] In addition, it could be con?rmed that in the 
loW-re?ective tantalum thin-?lm substrate of the present 
invention, the re?ectivity Which became maximum When the 
Wavelength Was 400 nm could be loWered to 1.0% or loWer 
by delicately changing the total thickness of the ?rst layer 
and the second layer and the layer ratio of these layers. On 
the other hand, in the case of the loW-re?ective chromium 
thin-?lm substrate, Whereas When the re?ectivity in the 
Wavelength of 400 nm Was loWered, the re?ectivity in the 
Wavelength of 700 nm became high, Whereby the average 
re?ectivity Was not loWered too much. 

[0090] It Was similarly con?rmed that as the target mate 
rial, in addition to tantalum shoWn in the above-described 
Example, tantalum alloys containing at least one of nickel, 
iron, cobalt, tungsten, copper, and other elements Were also 
useful. 

Example 8 
[0091] Each single layer of the layers from the ?rst layer 
to the third layer of the loW-re?ective tantalum thin-?lm 
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substrate of Example 7 Was formed on each transparent glass 
substrate and the refractive index thereof Was evaluated 
using a spectral ellipsometer made by SOPRA Co. An 
example of the results Was shoWn in FIG. 9. 

[0092] As described above, according to the present 
invention, a loW-re?ective thin-?lm substrate Which meets 
With the tendency of self-discipline the use of a chromium 
metal in the production process of color liquid crystals, 
projectors, etc., does not contain chromium components, and 
has the characteristics such as the optical density, the reac 
tivity, etc., that are by no means inferior to the characteristics 
of the loW-re?ective thin-?lm substrate prepared using a 
chromium series metal is provided. Furthermore, the loW 
re?ective thin-?lm substrate of the present invention has the 
loW re?ectivity in a Wide Wavelength region of visible light, 
has the result that the form of the spectral re?ectivity curve 
is ?attened in a Wide range, and thus the utiliZation thereof 
as the thin-?lm substrate having not only the function same 
as conventional loW-re?ective thin-?lm substrates but also 
having higher functions has been expected. 

What is claimed is: 
1. A loW-re?ective thin-?lm substrate comprising a trans 

parent glass substrate having formed thereon by sputtering a 
thin ?lm made up of at least one kind of Ni, Fe, Co, Mo, W, 
Ta, and Nb having a minimum re?ectivity of 0.5% or loWer 
and an optical density of at least 4 in the visible light region. 

2. AloW-re?ective thin-?lm substrate of claim 1, Wherein 
the thin ?lm is formed in multilayer on the transparent glass 
substrate by sputtering a target material containing no chro 
mium component and made up of at least one kind of Ni, Fe, 
Co. Mo, W, Ta, and Nb. 

3. A loW-re?ective thin-?lm substrate of claim 1 or 2, 
Wherein the thin ?lm is formed by sputtering under a gas 
atmosphere of at least one kind of an inert gas, an oxygen 
gas, and a carbon oxide gas in a vacuum ?lm-forming 
apparatus. 

4. A loW-re?ective thin-?lm substrate of claim 1 to 3, 
Wherein an alloy of at least one kind of Ni, Fe, and Co and 
at least one kind of Mo, W, Ta, and Nb is used as the target 
material. 

5. A loW-re?ective thin-?lm substrate of claim 1 to 3, 
Wherein an alloy of at least tWo kinds of Ni, Fe, and Co is 
used as the target material. 

6. A loW-re?ective thin-?lm substrate of claim 2 to 5, 
Wherein the target material contains at least one kind of Cu, 
Ti, Zr, and Sn. 

7. A loW-re?ective thin-?lm substrate comprising a trans 
parent glass substrate having formed thereon by sputtering 
an aluminum series thin ?lm having a minimum re?ectivity 
of 0.5% or loWer and an average re?ectivity of 2% or loWer 
in the visible light region. 

8. AloW-re?ective thin-?lm substrate of claim 7, Wherein 
the optical density of the aluminum sries thin ?lm is at least 
4. 

9. A loW-re?ective thin-?lm substrate of claim 7 or 8, 
Wherein the aluminum series thin ?lm is formed on the 
transparent glass substrate by sputtering of the target mate 
rial containing no chromium component and made up of 
aluminum as a main constituent. 

10. A loW-re?ective thin-?lm substrate of claim 7 to 9, 
Wherein the aluminum series thin ?lm is formed in multi 
layer. 
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11. A loW-re?ective thin-?lm substrate of claim 7 to 10, 
wherein the thin ?lm is formed by sputtering under a gas 
atmosphere of at least one kind of an inert gas, an oxygen 
gas, and a carbon oxide gas in a vacuum ?lm-forming 
apparatus. 

12. A loW-re?ective thin-?lm substrate comprising a 
transparent glass substrate having formed thereon by sput 
tering a thin ?lm having a minimum re?ectivity of 0.1% or 
lower, a maximum re?ectivity of 2.0% or loWer, and an 
average re?ectivity of 0.3% or loWer in the visible light 
region. 

13. A loW-re?ective thin-?lm substrate of claim 12, 
Wherein the optical density of the thin ?lm is at least 4.0. 
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14. A loW-re?ective thin-?lm substrate of claim 12 or 13, 
Wherein Ta is formed on the transparent glass substrate in 
multilayer as the thin ?lm by sputtering of a target material. 

15. A loW-re?ective thin-?lm substrate of claim 12 to 14, 
Wherein the thin ?lm is formed by sputtering under a gas 
atmosphere of at least one kind of an inert gas, an oxygen 
gas, and a carbon oxide gas in a vacuum ?lm-forming 
apparatus. 

16. A loW-re?ective thin-?lm substrate of claim 12 to 15, 
Wherein a Ta alloy containing at least one kind of Ni, Fe, Co, 
W, Nb, Cu, Ti, Zr, and Sn is used as the target material. 

* * * * * 


