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PROCESS FOR FORMING METAL FIIM, AND
ALUMINUM FILM COATED MATTER

BACKGROUND OF THE INVENTION

The present invention relates to a process for forming a
metal film on a surface of a synthetic resin substrate and to
an aluminum film coated matter formed by coating a surface of

5 a synthetic resin substrate with an aluminum film.

Heretofore, synthetic resin substrates such as acrylic
resin moldings, provided with metal films formed on the
respective sgrfaces thereof, are used in miscellaneous
decoration goods, optical parts, optical recording media, etc.

10 Particularly, optical discs such as video discs for which the
demand has increased remarkably in recent years, are provided
by forming metal films such as aluminum films as reflection
films on the respective surfaces of transparent synthetic resin
substrates having recording _pits corresponding to = audio

15 signals, video signals, etc. |

The metal films on this type substrates are heretofore
formed mainly by a technique of vacuum evaporation. In recent
vears, an attempt to form the films by a technique of plasma
sputtering (pérallel plate plasma sputtering) has been made.

20 The technique of vacuum evaporation is, in general, applied
to an arrangement in which an evaporation source 8 and

synthetic resin substrates 6 such as acrylic resin moldings
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opposite to the evaporation source 8 are provided in a vacuum

vessel 2 as shown in Fig. 16, and it is a technique for

respectively forming films of a metal such as aluminum on the

respective surfaces of the substrates 6 by depositing particles

5 10 of a metal such as aluminum on the respective surfaces of

the substrates 6 through evaporating the metal particles 10

from the evaporation source 8 by means of electron beam heating

or resistance heating. The substrates 6 may be generally

mounted on rotary holders 4 as shown in Fig. 16. To increase

10 the number of substrates to be subjected to film forming, a

large number of substrates 6 may be arranged along the

circumferential wall of a cylindrical vacuum vessel 2 having an

evaporation source 11 in its center as shown in Figs. 17 and

18. The evaporation sourcelll has a large number of tungsten

15 heaters 14 stretched between two props 12, and a large number
of evaporation materials 16 such as aluminum attached thereto,

so that the respective evaporation materials 16 are evaporated

through heat generated by energizing the respective tungsten

heaters 14. The reference numeral 18 designates a current

20 input terminal. The substrates 6 are mounted on the holders 4
supported through rotary shafts 22 to holder supports 20,

respectively, and they are rotated in the direction of the
arrow A as shown in Fig. 17 in the vacuum vessel 2 as a whole.

The technique of plasma sputtering is, in general, applied

25 to an arrangement in which & sputtering source (for example,
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magnetron type sputtering source) 24 having a metal target 28
such as aluminum attached to the upper portion of a magnet 26
and synthetic resin substrates such as acrylic resin moldings
opposite to the sputtering source 24 are provided in a vacuum
vessel 2 as shown in Fig. 19, and it is a technique for
respectively forming films of a metal such as aluminum on the
respective surfaces of the substrates 6 by depositing metal
particles on- the respective surfaces of the substrates 6
through sputtering the metal target 28 through plasma 30
generated between the sputtering source 24 and the respective
substrates 6 by a magnetic field formed in the neighborhood of
the surface of the metal target 28, an electric field applied
between the respective substrates 6 (in the strict sense,
holders 4 therefor) and the metal target 28, and the like, in
the vacuum vessel 2 in which an argon gas is introduced.

In the case where films are formed by the conventional
technique of vacuum evaporation, however, the adhesion of metal
films such as aluminum films to synthetic resin substrates such
as acrylic resin moldings exhibits practicable strength but
varies so widely as to be deficient in stability. Further,
reflectivity is proportional to film thickness when the film
thickness is not more than about 600 A. There arises a problem
in that sufficient reflectivity cannot be obtained stably
unless each of the metal films such as aluminum films has a

film thickness of about 600°A at the least. This is because
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the kinetic energy of evaporated metal particles such as
aluminum particles is considered to be so low as about 0.1 eV
that the metal films deposited on the substrates are poor in
fineness, crystalline arrangement, etc.

5 In the present state, metal reflection films of aluminum
are most widely put into practical use in the field of optical
discs such as video discs. In particular, in the case of
optical discs, the characteristic (for example, S/N ratio)
thereof is determined by the reflectivity of aluminum films

10 formed on pits as well as the form of the pits with respect to
signal reproduction. In general, good images cannot be
reproduced unless the reflectivity is not less than about 70 %.
Further, it is necessary in view of the producing process that
the formed aluminum films sufficiently adhere to synthetic

15 resin substrates.

An attempt to reduce the film thickness of aluminum films
to attain both material saving'and reduction of film-forming
time to thereby attain improvement in producing efficiency is
effective for reduction in cost of optical discs. The

20 conventional technique of vacuum evaporation, however, has a
problem in that the aluminum films cannot be thinned so as to
be not more than about 600 A in view of the reflectivity.

Further, the technique of vacuum evaporation requires a
large number éf work steps because of problems on the lifetime

25 of the resistors (for example, tungsten heaters 14 as shown in
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Figs. 17 and 18) for resistance heating in the evaporation
source, and on the supply of a metal such as aluminum being an'
evaporation material. Accordingly, a substantial problem
against reduction in cost, that is, limitation in producing
S efficiency and stability of production, is inherent in the
technique of wvacuum evaporation. Such a problem is also
inherent in a recently developed technique (so-called in-line
single disk production system) in which evaporation is applied
to substrates one by one, as well as the aforementioned
10 technique (so-called batch type stand alone system) in which
evaporation is applied to a large number of substrates at once
as shown in Figs. 16 and 17.
On the other hand, in the technique of plasma sputtering,
a continuous operation can be made until the initially arranged
15 metal target such as aluminum is worn out. This is effective
for improvement in producing efficiency. Further, sufficient
reflectivity can be obtained stably if the film thickness of
metal films such as aluminum films is not less than 500 A. The
technique of plasma sputtering, however, has a problem in that
20 the adhesion of metal films, especially, aluminum films, to
synthetic resin substrates such as acrylic resin moldings is
insufficient.
The lowering of the adhesion: - of aluminum films is
considered to be caused by xresin surface deterioration,

25 involving in resin injury due to temperature, produced by
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exposing surfaces of synthetic resin substrates to high-density
plasma at the film-forming time and by some interaction between
the aluminum films and impurity gas zreleased from resin
surfaces by heat due to inflow of acceleration electrons

5 accelerated to high energy in an electric field, into the
substrates as the anode side.

Further, in the case where the aluminum film formed by the
aforementioned technique of vacuum evaporation or plasma
sputtering is used as a reflection film of an optical

10 information ~recording medium, the generally obtained
performance thereof is heretofore limited to a range of about
72 % to about 80 % as its reflectivity and a range of about 38
dB to about 41 dB as S/N ratio of the regenerative output. 1In
the case where high picture quality is required, that is, in

15 the case where, for example, the aluminum film is used for
reproduction of high definition television images, there arises
a problem in that the reproduced images are insufficient in
sharpness if the reflectivity and S/N ratio is limited as
described above.

20 In the case where the technique of vacuum evaporation is
used, an aluminum film having higher reflectivity (80 “to 85%)
and higher S/N ratio (41 to 45 dB) can be provided by reducing
the amount of oxidized alminum in the aluminum film. The
aluminum film thus provided, however, has a tendency that there

25 occurs easily a durability problem in that both rising of noise
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and lowering of recording strength are brought by corrosion and
the like caused by moisture absorption oxidation and chemical
reaction when the aluminum film is left for a long time.
Accordingly, there arises a problem in that improvement in both
the performance (reflectivity and S/N ratio) of the film and

durability thereof cannot be attained simultaneously.

SUMMARY OF THE INVENTION

Therefore, a first object of the present invention is to
provide a process for efficiently forming metal films being
high in reflectivity and good in adhesion to synthetic resin
substrates regardless of the reduction in film thickness of the
metal films, thus to eliminate the aforementioned disadvantages
from the two conventional techniques.

A second object of the present invention is to provide an
aluminum film coated matter having an aluminum film high in
light reflectivity and excellent in durability.

In order to attain the first object, a first process
according to the present invention is characterized in that a
metal film having a film thickness of 50 A to 400 A is formed
on a surface of a synthetic resin substrate by sputtering a
metal target through an inert gas ion beam in a vacuum
atmosphere.

In order to attain the first object, a second process

according to the present invention is characterized in that a
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film thickness of 50 A to 400 A is formed on a surface of a
synthetic resin substrate by sputtering a metal target through
ions in inert gas plasma in a vacuum atmosphere while using
means for preventing diffusion of plasma to the surface of the
synthetic resin substrate and for preventing inflow of
acceleration electrons from the plasma to the surface of the
synthetic resin substrate.

The second object can be achieved by an aluminum film
coated matter having an aluminum film as a constituent member
of the aluminum film coated matter, in which: the aluminum £ilm
.contains aluminum crystals at a portion in the film at a depth
D of not more than 600 A from a film surface thereof which
contacts with a substrate, the aluminum crystals having a
relation in which a crystal axis <111> perpendicular to a (111)
plane is perpendicular or substantially perpendicular to the
film surface.

The second object can be achieved also by an aluminum f£ilm
coated matter having an aluminum film as a constituent member
of the aluminﬁm film coated matter, in which: the aluminum f£ilm
contains aluminum crystals at a portion in the film at a depth
D of not more than 600 A from a film surface thereof which
contacts with a substrate, the aluminum crystals exhibiting a
diffraction X-ray spectrum of a (111) plane when measured by
X-ray diffraction according to a diffractometer method under

-

the following condition:
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target: Cu,
X-ray type: Ka ray,
measurement X-ray output: voltage 40 KeV, current
30 ma, |
S longitudinal divergence limiting Sollar’s slit:
horizontal type,
incident height limiting slit: 5 mm,
incident ;lit: 0.4 mm,
light-receiving Sollar’s slit: vertical type,
10 width limiting slit: 5 mm,
diffraction X-ray monochromator:
graphite horizontal plate, and
diffiaction Method: 6/28 method.
The first process according to the present invention is
15 called “ion beam sputtering”. In this process, a surface of a
metal target such as an aluminum target is beaten by an inert
gas ion beam, so that metal particles flown out therefrom are
deposited on the synthetic resin substrate such as an acrylic
resin moldiné to thereby form a metal film on the synthetic
20 resin substrate. In this process, theoretically, not only
there is no plasma in the neighborhood of the surface of the
synthetic resin substrate, but there is no acceleration
electron released from plasma. Accordingly, surface
deterioration of the synthetic resin substrate and generation

25 of an impurity gas as observed in the conventional technique of
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plasma sputtering can be prevented, so that a metal film high
in adhesion can be formed.

The second process according to the present invention tech-

nically belongs to the category of plasma sputtering. In this

process, a surface of a metal target such as an aluminum target
is beaten by ions in inert gas plasma, so that metal particles
flown out therefrom are deposited on the synthetic resin
substrate such as an acrylic resin molding to thereby form a
metal film on the synthetic resin substrate. Further, this
film forming process is carried out while using means for
preventing diffusion of plasma to the surface of the synthetic
resin substrate and for preventing inflow of acceleration
electrons from the plasma to the surface of the synthetic resin
substrate. Accordingly, surface deterioration of the synthetic
résin substrate and generation of an impurity gas as observed
in the conventional technique of plasma sputtering can be

prevented, so that a metal film high in adhesion can be formed.

Preferred examples of ions or ion beams used in the

aforementioned process are ions or ion beams of inert gases

such as argon gas, helium gas, neon gas, krypton gas, xenon
gas, etc. If ions or ion beams of other gases such as nitrogen
gas, oxygen gas, etc., are used, the reflectivity of metal
films such as aluminum films may be lowered by interaction

thereof with the metal films~”
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Metal particles such as aluminum particles sputtered by
this process have moderate kinetic energy of the order of
seveial eV to about 20 eV. This energy contributes to
improvement in the crystallization of the films, so that the

5 metal films such as aluminum films accumulated on the synthetic
resin substrates have a very fine structure, saying to be
close-packed structure, and accordingly, the metal films are
high in reflectivity even if the film thickness thereof is
thin.

10 However, accoxrding to experiments of the inventors of the
present invention, metal films formed by the technique of ion
beam sputtering or the like are so high in internal stress that
a predetermined correlation may often occur between adhesion
and film thickness. Therefore, both reflectivity and f£film

15 thickness have been estimated about\#efal films having various
film thicknesses. As a result, it has been found that metal
films being good both in reflectivity and in adhesion can be
formed when the film thickness thereof is in a range of 50 A to
400 A. -

20 In practical use, the degree of vacuum in the atmosphere at
the deposite time is preferably higher than about 4‘b x 10
Torr. Further, the energy of the ion beam is preferably higher
than 100 eV which is a limit on sputtering. Generally, a range
of about 200 eV to about 10 KeV can be used easily as the

25 enerqgy. Although the deposite rate is in a range of 1 A/sec
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to 500 A/sec when the energy of the ion beam is in the
aforementioned range, the deposite rate is preferably lower
than 200 to 400 A/sec in view of stability of production.

Examples of the metal target used in the present invention
include aluminum, platinum, gold, silver, chromium, and alloys
thereof.

The synthetic resin used in this invention is not limited
specifically. Examples of the synthetic resin are acrylic
resin, polystyrene, polycarbonate, polyolefin, modified epoxy
resin, etc. These resins may be provided as homopolymers,
copolymers or mixtures thereof. The aforementioned resins
which are optical transparent resins used as optical disc
substrate materials are preferably used in this invention.

‘Also, the acrylic resin used most preferably is not limited
specifically. Preferred examples of the acrylic resin are
resins high in transparency and excellent in other optical
properties, such as methyl methacrylate polymer, methyl meth-
acrylate-alkyl acrylate (Cl1 to C4) copolymer, methyl
methacrylate-cyclohexyl methacrylate copolymer, methyl
methacrylate-cyclohexyl methacrylate-bromhexyl methacrylate co-
polymer, methacrylate-maleimide copolymer, methacrylate-
methacrylimide copolymer, methacrylate-styrene copolymer, etc.,
and mixture resin compositions of these resins and synthetic

transparent resins such as polycarbonate, etc.

-’
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The shape of the synthetic resin substrates such as acrylic
resin moldings is not limited specifically but preferred
examples thefeof are smooth shapes such as a disc shape, a
plate shape, etc. Any suitable method selected from general

5 methods such as a cast molding method, an injection molding
method, a compression molding method, a laminating  method,
etc., can be employed as the method of forming the substrates.

By the way, the aluminum film coated matter of the present
invention was attained through the present inventors’

10 investigation for the structure of an aluminum film formed on
a substrate.

That is, it has been found from various researches that tﬁe
problem on reflectivity and durability of the conventional
aluminum film coated matter is caused by the poor fineness and

15 poor crystal arrangement of the aluminum film formed on a
substrate. That is, the conventional aluminum film is porous
(a polycrystalline substance not oriented). Accordingly, if
the amount of oxidized alminum not contributing to light
reflection is reduced by reducing the oxygen content of the
20 film, the reflectivity of the film is improved but on the
contrary the durability thereof is lowered because a tendency
to increase the amount of water (or the like) penetrating into
the film is brought by reduction of the amount of oxide for

filling the porous portion.
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Accordingly, it has been found that an arrangement in which
the aluminum £film contains aluminum crystals oriented
preferentially in a direction effective for light reflection,
has an effect on achieving both high reflectivity and high
durability. More specifically, light reflection is brought by
interaction between incident light and aluminum atoms, so that
higher reflectivity can be provided as the surface density of
aluminum atoms in a surface perpendicular to the incident light
increases. That is, aluminum has a plane-centered cubic
lattice crystal structure, so that the (111) plane is a surface
packing aluminum crystals at highest density. Accordingly, an
aluminum film high in reflectivity can be provided by
containing aluminum crystals preferentially oriented to the
(111) plane and having the high-density packed surface of the
crystal lattice in a section parallel or substantially parallel
to the film surface, that is, by containing aluminum crystals
having a relation in which a crystal axis <111> perpendicular
to the (111) plane is perpendicular or substantially
perpendicular to the film surface as described above. This is
particularly effective in the case where the incident light
enters perpendicularly or substantially perpendicularly to the
aluminum f£ilm surface.

The aluminum film having such crystal orientation is also
fine, so that penetration of water or the like can be prevented

and, accordingly, the aluminum f£ilm is excellent in durability.
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The reason why the depth at which the oriented aluminum
crystals exist is limited to a depth of not more than 600 &, ié
as follows. That is, in the case where light enters at the
substrate side, the aluminum layer contributing to 1light

5 reflection is in a depth range of not more than 600 A from the
aluminum film surface which contacts with thelsubstrate. The
aluminum layer more effectively contributing to 1light
reflection is in a depth range of not more than 400 A.
Accordingly, if the oriented aluminum crystals do not exist in

10 the aforémentioned depth range, sufficient reflectivity cannot
be provided _even if the oriented aluminum crystals are
included.

In the aforementioned aluminum £film, it is preferable in
view of improvement of reflectivity that a minimum value in the

15 percentage distribution of the mole ratio (Al1-0/Al) of oxidized
alminum (Al-O) in a direction of the depth of the aluminum film
to total aluminum (Al), measured by using an X-ray photo-
electron spectroscopy, is not more than 30 %, more preferably,
in a range of 10 to 25 %. As described above, also in the

20 .technique of vacuum evaporation, a film high in reflectivity
can be brovided by reducing the amount of oxidized alminum
contained in _the aluminum film. However, if the amount of
oxidized alminum in the film is not adjusted to about 35 %, a
problem arises in that lowering of durability is brought by

25 oxidation due to moisture absorption, corrosion and the 1like

This Sheet Has Been Rcifaced - 15 -

A




when the aluminum film is left for a long time. On the
contrary, in the case of the aluminum film containing aluminum
cryétals preferentially oriented to the (111) plane as in this
invention, there is no problem of lowering of durability
5 because the aluminum film is so fine that there is little
penetration of water or the like. Accordingly, in this
invention, reflectivity can be improved more greatly by
- reducing the amount of oxidized alminum.

The film thickness of the aluminum film of the aluminum
10 film coated matter is not limited specifically but it is
generally set in a range of 50 to 600 A, preferably, in a range
of 100 to 400 A under the consideration of producing efficiency
and durability as well as reflectivity, because the portion not
contributing to 1light reflection increases as the film
15 thickness increases. In the case where the film thickness of
the aluminum-film is not more than 600 A, aluminum crystals
having the aforementioned crystal orientation can be arranged
at an arbitrary depth in the aluminum £ilm. Of course,
aluminum crystals can be arranged in the whole area in the

20 aluminum film.
Further, it has been found from various researches that
increasing of the kinetic energy of aluminum particles
accumulated on the substrate has an effect on forming the

aforementioned aluminum film on the substrate particularly at

”
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a low substrate temperature which is nearly equal to room
temperature.
Examples of the method for increasing the kinetic enerxgy of
aluminum particles deposited on the substrate include an ion
5 beam sputterihg technique, an evaporation technique using ion
beaﬁ radiation, an ion beam depositing technique, an ion
cluster beam technique, etc. The kinetic energy of deposited
particles can be generally increased from the order of several
eV to the order of hundreds of eV by using these techniques
10 singly or in combination. The method used for forming the
.aluminum film coated matter according to this invention is not
limited to specific one of the aforementioned technigques but
the preferred example thereof is the ion beam sputtering
technique by which the surface of the substrate made of a
15 synthetic resin is free from damage due to plasma and heat.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view showing an example of an ion
beam sputtering apparatus for carrying out a metal film forming
process according to the present invention;

20 Fig. 2 is a graph showing an example of the measurement
result of the thickness-reflectivity characteristic of an

aluminum £ilm;
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Fig. 3 is a schematic view showing an example of a plasma

sputtering apparatus for carrying out a metal film forming

process according to the present invention;

Fig. 4 is

a schematic view showing another example of a

plasma sputtering apparatus for carrying out a metal film

forming process according to the present invention;

Fig. 5 is a sectional view schematically showing an example

of an aluminum film coated matter according to the present

invention;

Fig. 6 1is
result of the
formed by the
the thickness

Fig. 7 1is
result of the
formed by the
the thickness

Fig. 8 is
result of the
formed by the
the thickness

Fig. 9 is
result of the
formed by the

the thickness

I

a schematic graph showing an example of the
X-ray diffraction analysis of an aluminum film
ion beam sputtering technique in the case where
of the aluminum film is 100 &;

a schematic graph showing an example of the
X-ray diffraction analysis of an aluminum film
ion beam sputtering technigque in the case where
of the aluminum film is 200 A;

a schematic graph showing an example of the
X-ray diffraction analysis of an aluminum film
ion beam sputtering technique in the case where
of the aluminum film is 300 A;

a schematic graph showing an example of the
X-ray diffraction analysis of an aluminum film
ion beam sputtering technique in the case where

of the aluminum film is 400 A;
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Fig. 10 is a schematic graph showing an example of the
result of the X-ray diffraction analysis of an aluminum film
formed by the ion beam sputtering technique in the case where
the thickness of the aluminum film is 500 A;

Fig. 11 is a schematic graph showing the relation between
the thickness and the reflectivity of an aluminum film of
Example 2 oriented in the (111l) plane;

Fig. 12 is a graph showing the relation between the

diffraction X-ray spectrum intensity in the (111) plane and the

10 reflectivity of an aluminum film;

Fig. 13 is a schematic graph showing an example of the
result of the X-ray diffraction analysis of an aluminum film
formed by a conventional vacuum evaporation technique;

Fig. 14 is a schematic graph showing an example of the

15 result of the X-ray diffraction analysis of an aluminum film
formed by a conventional magnetron sputtering technique;

Fig. 15 is a graph showing the relation between the
thickness and the reflectivity of an aluminum film formed by
the conventibnal vacuum evaporation technique;

20 Fig. 16 is a schematic view showing an example of a
conventional vacuum evaporation apparatus;

Fig. 17 is an upper view showihg another example of a
conventional vacuum evaporation apparatus;

Fig. 18 is a side view of the apparatus depicted in Fig.

25 17; and .
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Fig. 19 is a schematic view showing an example of a

conventional plasma sputtering apparatus.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 is a schematic view'showing an example of an ion
5 beam sputtering apparatus for carrying out a process for
forming metal films according to the present invention. A
holder 4 for holding an acrylic resin substrate 6a for an
optical disc as an example of a synthetic resin substrate and
a target holder 32 for holding an aluminum target 28a as an
10 example of a metal target opposite to the acrylic resin
substrate 6a are provided in a vacuum vessel 2. Further, an
ion source 34 is attached to the wall of the vacuum vessel 2 so
as to be directed toward the aluminum target 28a on the target
holder 32. The ion source 34 radiates an inert gas ion beam 36
15 of inert gas ions such as argon gas ions toward a surface of
the aluminum target 28a to thereby sputter the aluminum target

28a.
Using the aforementioned apparatus, film forming was made
as follows. That is, after an acrylic resin substrate 6a
20 having a diameter of 300 mm was mounted on the holder 4 and the
high-purity aluminum target 28a was mounted on the target
holder 32, the vacuum vessel 2 was evacuated to 2.0 x 10~ Torr.

The inert gas ion beam 36 was drawn out from the ion source 34

. - 20 -
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in the following condition and radiated toward a surface of the
aluminum target 28a, so that aluminum particles 38 beaten out
of the aluminum target 28a were deposited on a surface of the
acrylic resin substrate 6a to thereby form an aluminum film on

5 the acrylic resin substrate 6a. The thickness of the aluminum
film was adjusted by the deposite time.

Ion Type: argon

Ion Energy: 1500 eV

Beam Current: 300 mA

10 An example of the measurement result of the
thickness-reflectivity characteristic of the aluminum £film
formed on the surface of the acrylic resin substrate 6a as
described above is shown in Fig. 2. Although details of the
result will be collectively shown in Table 1, reflectivity of

15 not less than 68 % was obtained when the film thickness was not
less than 50 A.

The adhesion of the aluminum film to the acrylic' resin
substrate 6a was estimated by a tape peeling test in which én
adhesive plane of a transparent adhesive tape was sufficiently

20 pressed to a surface of the aluminum film and then rapidly
vertically peeled from the surface. As a result, separafion of
the aluminum film was always observed when the film thickness
was not less than 500 A; separation of the aluminum film was

sometimes observed when the film thickness was 400 f&; and

»
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separation of the aluminum film was not observed when the film
thickness was less than 400 A.
These results, together with results of conventional compa-

rative examples are collectively shown in Table 1.

s Table 1
Deposite Film Reflec- | Adhe- Total
technique thickness tivity sion estimation Remarks
Vacuum 600 A 702 A A Conventional
evaporation example
10 The same as 300 & 582 A X Conventional
above example
Plasma . 500 & 702 x X Conventional
sputtering example
Ion beam 50 A 682 o A This
15 sputtering invention
The same as 100 A 702 o o This
above invention
The same as 300 & 762 o o This
above invention
20 The same as 400 A 782 A A This
above invention
The same as 500 A 782 X % Out of this
above invention

In this Table, © represents "Excellent”, A

25 represents “Practicable" more or 1less inferior to
"Excellent", and x represents "Failure". As the wave

length used for measuring reflectivity was 780 nm which was

the wave length of a semiconductor.laser for optical discs.

As is obvious from this Table, according to the

30 process of the present invention, reflectivity of not less
i
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than about 70 % can be secured when the thickness of the
aluminum film is in a range of 50 A to 400 A, that is, when
the film thickness is not more than two thirds the film
thickness in the conventional technique of vacuum evapora-
tion. Further, more excellent adhesion than that in the
conventional technique of plasma sputtering can be
obtained. _

Further, an image pattern was reproduced from a
video disc produced by forming an aluminum film on an
acrylic resin substrate 6a by the aforementioned process
and the image pattern was estimated. As a result, it was
confirmed that the same characteristic (such as S/N ratio)
as obtained by the conventional process was obtained even
in the case where the film thickness was less than that
obtained by the conventional process.

Unlike the aforementioned embodiment, in the
practical deposite process, film forming may be applied to
a plurality of acrylic resin substrates at once. Further,
in this case, the respective acrylic resin substrates may
be rotated to make aluminum thin films even.

Using gold, silver, copper and platinum targets,
thin films as other metal films than the aluminum films
were respectively formed on surfaces of acrylic resin
substrates by the same ion sputtering apparatus as shown in

Fig. 1. The deposite condition was as follows.

T



Ion Type: argon
Ion Energy: 1000 eV
Beam Current: 60 mA
Measurement results about the reflectivity,
5 adhesion, etc. of the metal films formed on the surfaces of
the acrylic resin substrates by this process, togethexr with
results obFained by the conventional process as comparative

examples, are collectively shown in Table 2.
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Table 2
Film- Film Reflec- Adhe- Total
Material | forming | thickness | tivity sion estim. Remarks
IBS 300 & 782 o o This
invention
Gold -
PS 300 & 702 X x Conventional
example
EB 300 & 602 A x Conventional
example
IBS 300 & 852 o o This
invention
Silver o
PS 300 A 722 X X Conventional
example
EB 300 A 632 A X Conventional
example
IBS 300 & 762 A A This
invention
Copper ° .
PsS 300 A 687 X X Conventional
example
EB 300 A 602 X X Conventional
example
IBS 300 & 682 o A This
invention
Platinum . .
PS 300 A 582 X % Conventional
example
EB 300 & 50% A x Conventional
example
In this Table, IBS represents an ion beam

sputtering technique, PS represents a conventional plasma

sputtering technique,

vacuum evaporation technique.

and EB represents a conventional

The wave length used for

measuring reflectivity was 780 nm which was the same as

described above.
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As is obvious from this Table, it can be said
that the gold, silver and copper films formed by the
piocess according to the present invention are so excellent
both in réflectivity and in adhesion as to be adapted for
optical discs, and that the platinum film is more or less
inferior but practicable in reflectivity and is excellent
in adhesion. The gold, silver and platinum films formed by
the conventional vacuum evaporation technique may be said
to be practicable in adhesion but cannot be said to be
practicable in reflectivity as adapted for optical discs
because the films are so thin that the reflectivity thereof
becomes bad. The metal films formed by the conventional
plasma sputtering technique are bad in -adhesion.

Examples of plasma sputtering apparatus having
means of preventing diffusion of plasma to surfaces of
synthetic resin substrates and preventing inflow of
acceleration electrons to the surfaces of the substrates
are shown in Figs. 3 and 4.

The apparatus shown in Fig. 3 uses opposed target
sputtering technique. In this apparatus, two metal targets
28 are arranged in a vacuum vessel 2 so as to be obposite
to each other. Magnets 40 different in polarity are
arranged in the back of the metal targets 28, respectively.
The reference numeral 42 designates holders. A plurality

of synthetic resin substfates 6 mounted on the holders 4
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are arranged around the opposite metal targets 28. The
reference numeral 52 designates supports for holders.
Further, cylindrical anodes 46 are arranged around the
metal tardéts 28, respectively. The reference numeral 44
designates electrical insulating substances.

In this apparatus, high-density inert gas plasma
30a is generated between the two metal targets 28 by an
electric field formed between the anodes 46 and the metal
targets 28 and a magnetic field (the reference numeral 48
designates magnetic force lines as a typical example)
formed between the opposite metal targets 28, when an inert
gas is introduced in the vacuum vessel 2 to form moderate
pressure and at the same time a voltage is applied between
the anodes 46 and the metal targets 28. Furthermore, not
only the inhert gas plasma 30a is enclosed in a space by the
magnetic field formed between the opposite metal targets 28
but acceleration electrons trying to go out of the inert
gas plasma 30a are enclosed in the same space by the
magnetic field in the same manner as described above.
Accordingly, damage given to surfaces of the synthetic
resin substrates 6 by the plasma and the acceleration
electrons can be prevented.

The apparatus shown in Fig. 4 basically uses the
same magnetron sputtering technique as used in the

apparatus shown in Fig. 19. In this apparatus, a mesh-like
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electrostatic shield 54 of not lower in electric potential
than the holders 4 is arranged so that the neighborhood of
the surfaces of the synthetic resin substrates 6 mounted on
the holders 4 can be covered at the least.

5 When the aforementioned electrostatic shield 54
is used, inert gas plasma 30a is generated between the
electrostatic shield 54 and the sputtering source 24 and at
the same time there is no electric field generated between
the electrostatic shield 54 and the holders 4 or, if there

10 is any electric field, the electric field sexrves to press
the inert gas plasma 30a back. Accordingly, the inert gas
plasma 30a cannot pass through the electrostatic shield 54,
so that the inert gas plasma 30a cannot be diffused to the
side of the synthetic resin substrates 6. Further,

15 acceleration electrons from the inert gas plasma 30a cannot
flow in the electrostatic shield 54, so that the accelera-
tion electrons cannot reach the synthetic resin substrates
6. Accordingly, damage given to the surfaces of the
synthetic _ resin substrates 6 by +the plasma and the

20 acceleration electrons can be prevented.

The excellent characteristic of metal f£films
formed on surfaces of synthetic resin substrates by the
aforementioned processes according to the present invention
can be widely used for other purposes than the purpose for

25 optical discs. For example, the metal films can be used as
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metal reflection films in miscellaneous decoration goods,
optical parts, etc.

As described above, according to the present
invention, metal films high in reflectivity and excellent
in adhesion to synthetic resin substrates can be formed
even in the case where the metal films are sufficiently
thin. As a result, material saving and shortening of
deposite time can be attained, so that an improvement in
producing efficiency can be attained. Accordingly,
reduction in cost of optical discs or the 1like can be
attained. Further, the processes according to the present
invention technically belongs to the category of sputter-
ing, so that, unlike the vacuum evaporation technique, the
film forming processes can be continued before the
initially arranged metal target is worn out. Accordingly,
metal films can be formed efficiently, so that improvement
in producing efficiency can be also attained in this sense.

Next, an aluminum film coated matter having an
aluminum film according to the present invention will be
described.

As shown in Fig. 5, an aluminum film 66 of an
aluminum f£ilm coated matter 62 contains aluminum crystals
at a portion in the film at a depth D of not more than 600
A from a film surface 65 thereof which contacts with a

substrate 64, the aluminum crystals having a relation in
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which a crystal axis <111> perpendicular to a (111) plane
is perpendicular or substantially perpendicular to the film-
surface 65.

Also, according to the present invention, the
aluminum film 66 contains aluminum crystals at a portion in
the film at a depth D of not more than 600 & from the film
surface 65 thereof which contacts with the substrate 64,
the aluminum crystals exhibiting a diffraction X-ray
spectrum of a (111) plane when measured by X-ray
diffraction according to a diffractometer method under the
following condition:

target: Cu,

X~-ray type: Ko ray,

measurement X-ray output: voltage 40 KeV, current

30 ma,

longitudinal divergence limiting Sollar’s slit:

horizontal type,

incident height limiting slit: 5 mm,

incident sliﬁ: 0.4 mm,

iight—receiving Sollar’s slit: vertical type,

width limiting slit: 5 mm,

diffraction X-ray monochromator:

graphite - horizontal plate, and

diffraction method: 6/28 method.

»
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Examples of the aluminum film coated matter will

be described.
EXAMPLE 1

Using the ion beam sputtering apparatus as shown
in Fig. 1, film forming was made as follows. That is,
after an acrylic resin substrate 6a having a diameter of
300 mmn as an example of the substrate 64 made of a
synthetic resin (see Fig. 5) was mounted to a holder 4 and
a high—puéity aluminum target 28a was mounted to a target
holder 32, the vacuum vessel 2 was evacuated to 2.0 x 1077
Torr. An inert gas ion beam 36 was drawn out from the ion
source 34 in the following condition and radiated toward a
surface of the aluminum target 28a, so that aluminum
particles 38 sputtered out of the aluminum target 28a were
deposited on a surface of the acrylic resin substrate 6a,
thus to form an aluminum film on the acrylic resin
substrate 6a. The thickness of the aluminum film was
adjusted by the deposite time.

Ion Type: argon

&on Beam Energy: 1500 eV

Beam Current: 300 ma

Aluminum films respectively having film thick-
nesses of 100 A, 200 A, 300 A, 400 & and 500 A were formed
on acrylic resin substrates 6a in the same manner as

described above by the ion beam sputtering technique and
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then subjected to X-ray diffraction analysis. The results
of the analysis are shown in Figs. 6 through 10. As shown
in Figs. 7 through 10, the clear crystal orientation of
aluminum in the (111) plane was confirmed when the f£ilm
thickness was not less than 200 A. It was found from this
fact that the aluminum film formed by the aforementioned
technique, especially, the aluminum film.héving a thickness
of not less than 200 A, is a film high in the surface
density of aluminum atoms.

After an aluminum having a thickness of 3000 A
was formed on an acrylic resin substrate 6a in the same
manner as described above, the rocking curve thereof was
measured. As a result, no crystalline structure except the
(111) plane was observed. The following conditions show
the condition for measurement of the aforementioned X-ray
diffraction and the condition for measurement of the

rocking curve.

X-ray Diffraction Condition

Measuring Apparatus: X-ray diffraction apparatus
) RAD-2B made by RIGAKU Co., Ltd.
Target: Cu

X-ray Type: Ka ray

Measurement X-ray Output:

voltage 40 KeV, current 30 ma

Longitudinal Divergehce Limiting Sollar’s Slit:

This Sheet Has Been Refitaoed - 32 -

[

I



horizontal type

Incident Height Limiting Slit: 5 mm

Incident Slit: 0.4 mm

Light-receiving Sollar’s Slit: vertical type

5 Width Limiting Slit: 5 mm

Goniometer Radius: 185 mm

Diffraction X-ray Monochromator:

graphite horizontal plate

Measuring Rate: 2 degrees per minute

10 Measuring Width: 0.02 degrees

Diffraction Method:

6/28 method (the measuring
method in which the Bragg’s
condition (2dsin®=niA) is satis-
fied when the X-ray incident

angle and the X-ray scattering

15
angle are respectively designat-
ed by & and 26)
Number of Times of Accumulation: 10 times (note 1)
(Note 1) The reason why the number of times of accumula-
20 tion is selected to be plural is for the purpose
of reducing noise through calculation of the
average value.
Rocking Curve Measurement Condition
Measuring Apparatus: X-ray diffraction apparatus
25 ” RAD-2B made by RIGAKU Co., Ltd.
This Sheet Has Been Replaced - 33 -~
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Target: Cu
X-ray Type: Ka ray
Measurement X-ray Output:
voltage 40 KeV, current 30 mA
5 Longitudinal Divergence Limiting Sollar’s Slit:
horizontal type
Incident Height Limiting Slit: 5 mm
Incident Slit: 0.4 mm
Light-receiving Sollar‘s Slit: vertical type
10 Width Limiting Slit: 5 mm
Goniometer Radius: 185 mm
Diffraction X-ray Monochromator:
graphite horizontal plate
Measuring Rate: 2 degrees éer minute
15 Measuring Width: 0.02 degrees
Diffraction Method: 26 fixed (note 2)
Number of Times of Accumulation: once
(Note 2) The angle of 20 was fixed to a position of
aluminum polycrystal data according to JCPDS
20 -(Joint Committee of Powder Diffraction Standard).
EXAMPLE 2
The relation between film  thickness and
reflectivity of an aluminum film formed by the ion beam
sputtering technique in the same manner as in Example 1 was

25 measured. The result of the measurement is shown in Fig.
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11. It is apparent from the drawing that the increase of
the reflectivity is observed as the film thickness.
increases to 600 A and that the reflectivity becomes
constant when the film thickness is not less than 600 A.
It is apparent from the result that the aluminum layer
contributing to the reflectivity is in a depth range of not
more than about 600 A from the surface of the substrate.
In the measurement of the reflectivity, 780 nm being the
wave length of a semiconductor laser used for optical discs
was used (the same wave length was applied to other
examples and comparative examples).
EXAMPLE 3

To confirm the relation between the diffraction
X-ray spectrum in the (111) plane and the reflectivity of
an aluminum film, aluminum £ilm samples respectively having
a thickness of about 3000 A but different in diffraction
X-ray intensity were formed on glass substrates by changing
the temperatures of the substrates through the ion beam
sputtering technique in the same manner as in Example 1 and
then subjecﬁed to the measurement of the reflectivity
thereof. 1In this case, the ratio of oxidized alminum to
the total aluminum in the aluminum film was fixed to 30 %
to avoid the influence of the difference in the ratio on
the reflectivity. From the measurement results obtained,

the relation between the diffraction X-ray spectrum
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intensity in the (111) plane and the reflectivity is shown
in Fig. 12. It is apparent from the drawing that the
réflectivity decreases as the diffraction X-ray spectrum
intensity in the (111) plane decreases. The X-ray
5 diffraétion measurement was carried out in the same
condition as in Example 1.
EXAMPLE 4
After an aluminum film having crystal orientation
in the (111) plane and having a thickness of 400 A was

10 formed on a video disc acrylic resin substrate in the same
manner as in Example 1, the reflectivity thereof against
laser light and the regenerative output were measured. The
measurement produced good results: the reflectivity of 89
% and the S/N ratio of 46 dB.

15 Further, a video disc was produced by ﬁsing the
matter obtained by the aforementioned process and was
subjected to an acceleration deterioration test  in a
constant-temperature constant-humidity condition of 60°C
and 60 %. As a result, deterioration of reproduced images

20 was not observed at all even after the passage of 2000
hours.

COMPARATIVE EXAMPLES 1 AND 2

Aluminum films with the thicknesses of 2000 A and
3000 A were respectively formed on'acrylic resin substrates

25 by the vacuum evaporation technique and the plasma
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sputtering technique (magnetron sputtering technique) and
subjected to X-ray diffraction analysis. As a result, no
peak (diffraction X-ray spectrum) except the noise level

was observed as shown in Figs. 13 and 14 in the following

5 X-ray diffraction condition when the diffraction angle 26
was in a range of 20 degrees to 80 degrees. It is apparent
from the result that the aluminum films formed by the
conventional techniques have a non-oriented crystal
structure.

10 X-ray Diffraction Condition

Measuring Apparatus: X-ray diffraction apparatus
RAD-2B made by RIGAKU Co., Ltd.
Target: Cu
X—rai Type: Ka ray
15 Measurement X-ray Output:
voltage 40 KeV, current 30 mA
Longitudinal Divergence Limiting Sollar‘s Slit:
horizontal type
Incident Height Limiting Slit: 5 mm
20 Incident Slit: 0.4 mm
Light-receiving Sollar’s Slit: vertical type
Width Limiting Slit: 5 mm
Goniometer Radius: 185 mm
Diffraction X-ray Monochromator:
25 ) " graphite horizontal plate
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Measuring Rate: 2 degrees per minute
Measuring Width: 0.02 degrees
Diffraction Method: 6/26 method
Number of Times of Accumulation: once

COMPARATIVE EXAMPLES 3 AND 4

The relation between the thickness and the
reflectivity of aluminum films respectively formed by the
vacuum evaporation technique under the condition that the
degree of vaéuum is 2 x 10™* Torr (Comparative Example 3)
and under the condition that the degree of vacuum is
1 x 107 Torr (Comparative Example 4) is shown in Fig. 15.
It is apparent from this result that the increase of the
reflectivity is in either case observed as the £film
thickness increases to 600 A and, that the reflectivity
becomes constant when the film thickness is not less than
600 A. This is the same as in the case of Example 2 shown
in Fig. 11. Further, it is apparent that the reflectivity
becomes higher when the degree of vacuum at the deposite
time is improved. This is because the ratio of oxidized
alminum not contributing to reflection in the aluminum film
is reduced as described above when the degree of vacuum is
improved (see the following description). As described
above, the durability of the film is, however, lowered when

the ratio of oxidized alminum is reduced.

- -,
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EXAMPLE 5

The oxygen content (in the more strict sense, the
oxidized alminum content) in each of the aluminum films
formed in Examples 2 and 4 and Comparative Examples 3 and
4 was analyzed by X-ray photoelectron spectrscopy (XPS}).
Specifically, analysis was made in respective layers in the
following measurement condition while 30 times - 50 times
repeating argon ion beam etching (condition: ion beam
energy 2 KeV, beam current 20 mA, the degree of wvacuum
3.8 x 10" Torr) were conducted from the aluminum film
surface toward the substrate until carbon (C) contained in
the substrate became a main component, by using an X-ray
photbelectron spectrometer ESCA-750 made by éhimadzu
Seisakushd Ltd.

X-ray Photoelectron Spectroscopy Measurement Condition

Measurement Element: Algp;;s, Alspiss, Ciss Ois
Measurement X-ray Output: 8 KeV, 30 mA
Target: Mg
X-ray Type: Ka ray
Measurement Pressure: 7.5 x 10°® Torr
Measurement Range:

68 - 82 ev, 278 - 295 eV, 526 - 540 eV
Measuring Width: 0.1 eV
Measuring Time: 200 msec per step

Number of Times of Ac¢cumulation: twice
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In most cases, the thus obtained Alj,;;, and Algy,),
spectra of the respective layers exhibit a mixture state of
oxidized alminum (Al-O0) and metal aluminum (Al).
Therefore, after the respective spectra were sepaiated into
an oxidized alminum peak and a metal aluminum peak, the
area ratip (that is, mole ratio Al-0/Al) of oxidized
alminum (Al-O) to total aluminum (Al) was calculated.
Then, a graph was obtained through plotting the area ratio
in a direction of the depth of the film. Since the graph
is normally a concave curve having high values at both
surfaces of the film and low values at the inside of the
film, the lowest value of the curve was defined as the
minimum value. The minimum value is normally proportional
to the amount of the oxidized aluminum (Al-O). As the
result of the analysis, the minimum value in each of the
aluminum films obtained in Examples 2 and 4 was 15 % and
the minimum values in the aluminum films obtained in
Comparati%é Examples 3 and 4 were 35 % and 20 %,
respectively.

EXAMPLE 6

The characteristics, inclusive of durability, of
the aluminum films obtained in Example 2 and Comparative
Examples 3 and 4 in the two cases of the thickness of 300
A and the thickness of 600 A are collectively shown in

Table 3. The reflectivity in each of the aluminum films is

- 40 -
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the same as shown in Figs. 11 and 15. The durability in
each of the aluminum was estimated on the basis of deterio-
ration of reproduced images by applying an acceleration
deterioration test to a video disc having an aluminum film
formed in the same condition as in each example after
putting the video disc into a constant-temperature

constant-humidity tank of 60°C and 60%.

Table 3
Crystal Film Reflec- Al-0 dis- Dura- Total
property thick- tivity tribution bility | estima-
ness (A) (2) minimum (X) tion
Example 2 {111) 300 85 15 Good Good -
(111) 600 89 15 Good Good
Comparative | Not 300 68 35 Good Bad
example 3 oriented
Not 600 72 35 Good Bad
oriented
Comparative | Not 300 78 20 Bad Bad
example 4 -oriented ‘
Not 600 82 20 Bad Bad
oriented
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As is obvious from this Table, the aluminum film
in Example 2 exhibits high reflectivity and good durability
in either film thickness. On the other hand, the aluminum
film in Comparative Example 3 is good in durability but low
in reflectivity, because the oiidized alminum content
thereof is large. On the contrary, the aluminum film in

Comparative Example 4 is considerably high in reflectivity
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but poor in durability, because the oxidized alminum
content thereof is small.

Not only the aluminum film coated matter
according to this invention is adapted to optical
information recording media such as video discs, compact
discs, compact disc read only memories (CD-ROM), write once
{(WO) discs, and rewritable (RW) discs, but it is adapted to
goods particularly requiring high reflectivity and durabil-
ity, such as optical parts, miscellaneous decoration goods,
etc. |

As described above, the aluminum film coated
matter according to this invention contains aluminum
crystals oriented as described above in the film, so that
the film is high in light reflectivity and excellent in
durability. Accordingly, when, for example, the aluminum
film coated matter is used as an optical information
recording medium, not only improvement both in reflectivity
and in S/N ratio can be attained but improvement in

durability can be attained.
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WHAT IS CLAIMED IS:

1 1. A process for forming a metal film on a
2 surface of a synthetic resin substrate, comprising the
3 steps of: _

4 evacuating an vacuum vessel containing said
5 synthetic resin substrate and a metal target; and
6 sputtering said metal target by an inert gas ion
7 beam in a vacuum atmosphere so that said metal film having
"1 a thickness of 50 to 400 A is formed on the surface of said
2 synthetic resin substrate.

1 - 2. A process for forming a metal film as
2 claimed in  claim 1, further comprising the step of
3 selecting an aluminum target as said metal target.
1 3. A process for forming a metal film as
2 claimed in claim 1, further comprising the step of
3 selecting an acrylic resin sufig_a_lgg_ as said synthetic
4 resin substrate.

1 4. A process for forming a metal film as
2 claimed in claim 1, further comprising the step of
3 selecting an acrylic resin substrate used for an optical
4 disc as said synthetic resin substrate.
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5. A process for forming a metal film on a
surface of a synthetic resin substrate, comprising the
steps of:

evacuating a vacuum vessel containing said
synthetic resin substrate and a metal target;

forming a means for preventing diffusion of an
inert gas plasma to a surface of said synthetic resin
substrate and for preventing inflow of acceleration
electrons from said plasma to the surface of said synthetic
resin substrate; and

sputtering said metal target by ions in said
plasma in a vacuum atmosphere so that said metal £film
having a thickness of 50 to 400 A is formed on the surface
of said synthetic resin substrate.

-6. A process for forming a metal film as
claimed in claim 5, wherein said forming step includes a
step of providing a set of opposed targets which have

magnets of opposed polarity behind them.

7. A process for forming a metal film as
claimed in claim 5, wherein said forming step includes a
step of providing an electrostatic shield to cover said

synthetic resin substrate.

-,
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8. A process for forming a metal £film as
claimed in claim 5, further comprising the step of
selecting an aluminum target as said metal target.

9. A process for forming a metal film as
claimed in claim 5, further comprising the step of
selecting an acrylic resin substrate as said synthetic

resin substrate.

10. A process for forming a metal film as
claimed in claim S5, further comprising the step of
selecting an acrylic resin substrate used for an optical
disc as said .synthetic resin substrate.

11. An aluminum film coated matter ;, comprising:

a substrate made of a synthetic resin; and

an aluminum film coated on a surface of said
substrate, said aluminum film containing aluminum crystals
at a portion in said film at a depth of not more than 600
A from a film surface thereof which contacts with said
substrate, said aluminum crystals having a relation in
which a crystal axis <111> perpendicular to a (111) plane
is perpendicular or substantially perpendicular to said

film surface. -
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12. An aluminum film coated matter as claimed in
claim 11, wherein a minimum value in a percentage distri-

bution of mole ratio (Al-O/Al) of oxidized alminum (Al-0)

in a direction of the depth of said aluminum film to total

aluminum EAl), measured by using an X-ray photoelectron

spectroscopy, is not more than 30 %.

13. An aluminum film coated matter as claimed in
claim 11, wherein said synthetic resin constituting said

substrate is an optical transparent resin.

14. An aluminum film coated matter as claimed in
claim 11, wherein said aluminum film coated matter is an

optical information recording medium.

15. An aluminum film coated matter, comprising:

a substfate made of a synthetic resin; and

an aluminum film coated on a surface of said
substrate, said aluminum film containing aluminum crystals
at a portion in said film at a depth of not more than 600
A from a film surface thereof which contacts with said
substrate, said aluminum crystals exhibiting a diffraction

X-ray spectrum of a (111) plane when measured by X-ray

‘diffraction according to a diffractometer method under the

following conditions: -

— 46 -
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target: Cu,
X-ray type: Ko ray,
measurement X-ray output:
voltage 40 KeV, current 30 mA,
longitudinal divergence limiting Sollar‘’s slit:
horizontal type,
incident height limiting slit: 5 mm,
incident slit: 0.4 mm,
light-receiving Sollar’s slit: vertical type,
width limiting slit: 5 mm,.
diffraction X-ray monochromator:
graphite horizontal plate, and

diffraction method: 6/28 method.

16. An aluminum film coated matter as claimed in

claim 15, wherein a minimum value in a percentage distribu-

tion of mole ratio (Al-O/Al) of oxidized alminum (Al-0) in

a direction of the depth of said aluminum film to total

aluminum (Al), measured by using an X-ray photoelectron

spectroscopy, is not more than 30 %.

17. An aluminum film coated matter as claimed in

claim 15, wherein said synthetic  resin constituting said

substrate is an optical transparent resin.

”~
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18. An aluminum film coated matter as claimed in

1
2 claim 15, wherein said aluminum film coated matter is an
3 optical information recording medium.
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