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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
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.
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
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.

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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t6 an ‘al uminum fil mcoated nmatter formed by coating a surface of a
synthetic resin substrate®with an aluminumfilm Heretofofe, synthetic
resin substrates such as acrylic resin noldings, provided with nmetal filns
formed on the respective surfaces thereof, are used in mscell aneous
decoration goods, optical parts, optical recording nedia, etc.
Particularly, optical discs such as video discs for which the demand has

i ncreased remarkably in recent years, are

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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provi ded by formng metg>films such as aluminumfilns a3 reflection filns
on the respective surfaces of transparent synthetic resii substrates having
recordlng pits corresponding to audio signals, video signals, etc. The
metal filns on this type substrates are heretofore formed mainly by a

t echni que of vacuum evaporation. In recent years, an attenpt to formthe
films by a technique of plasma sputtering (parallel plate plasna
sputtering) has

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
5 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
10 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
15 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

20 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

25 film thickness of about 600°A at the least. This is because
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béen made. The techni que~Qf vacuum evaporation is, In ge=nera| applied to
an arrangenent in whichan evaporation source 8 and syntfetic resin
substrates 6 such as acrylic resin noldings opposite to the evaporation
source 8 are provided in a vacuumvessel 2 as shown in Fig. 16, and it is
techni que for respectively formng filnms of a netal such as al um num

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

i
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oh the respective surfaees of the substrates 6 by deposrP1ng particles 10
of a netal such as al um'fum on the respective surfaces of’ the substrates 6
t hrough evaporating the netal particles 10 fromthe evaporati on source 8 hy
means of el ectron beam heating or resistance heating. The substrates 6 may
be generally mounted on rotary holders 4 as shown in Fig. 16. To increase
the nunber of substrates to be subjected to filmformng, a | arge nunber of
substrates 6 may '

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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bé arranged al ong the ciTcunferential wall of a cylindrical vacuum vessel

havi ng an evaporation sofirce 11 in its center as shown i'n Figs.

The evaporation source 11 has a | arge nunmber of tungsten heaters 14
stretched between two props 12, and a | arge nunber of evaporation materials
16 such as alum num attached thereto, so that the respective evaporation
materials 16 are evaporated through heat generated by energizing the
respective tungsten
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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
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
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
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.

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

occurs easily a durability problem in that both rising of noise

LT

17 and 18.
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héat er’s, 14.

The referenge~nuneral 18 designates a current,input term nal

The substrates 6 are nounted on the hol ders 4 supported through rotary

shafts 22 t

o hol der supports 20, respectively, and they are rotated in the

direction of the arrow A as shown in Fig. 17 in the vacuumvessel 2 as a

whol e, The
ar r angenent
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techni que of plasma sputtering is, in general, applied to an
I n which a sputtering source (for

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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exanpl’'e, magnetron type:Sputtering source) 24 having a mgtal target 28 such
as .al um num attached to the upper portion of a nmagnet 267and synthetic
resin substrates such as acrylic resin noldings opposite to the sputtering
source 24 are provided in a vacuumvessel 2 as shown in Fig. 19, and it is
a technique for respectively formng filnms of a netal such as al um num on

the respective surfaces of the substrates 6 bydepositing netal

particles on

the respective surfaces
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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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of the substrates 6 through sputtering the metal target 28 through plasm
30 generated between the” sputtering source 24 and the reéSpective substrates
6 by a nagnetic field forned in the nei ghborhood of the surface of the
nmetal target 28, an electric field applied between the respective
substrates 6 (in the strict sense, holders 4 therefor) and the netal target
28, and the like, in the vacuumvessel 2 in which an argon gas is

i ntroduced

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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I h the case where films“are formed by the conventi onal fEchnique of vacuum
evapor ati on, however, t he" adhesi on of netal filnms such as aluninumfilms to
synthetic resin substrates such as acrylic resin noldings exhibits
practicable strength but varies so wdely as to be deficient in stability.
Further, reflectivity is proportional to filmthickness when the film

t hi ckness is not nore than about 600 A. There arises a problemin that
sufficient reflectivity cannot be obtained

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

5 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

10 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

15 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

20 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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stably unl ess each of the-netal films such as alumnum fidns has a film

t hi ckness of about 600 A‘at the least This is because th€& kinetic energy of
evaporated nmetal particles such as alum num particles is considered to be
so low as about 0. 1 eV that the netal filns deposited on the substrates
are poor in fineness, crystalline arrangenent, etc. In the present state,
netal reflection filnms of alum numare nost widely put into practical use
in the field of optical

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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di scs such as video discs. In particular, in the case of™optical discs, the
characteristic (for exanple, S/INratio) thereof is deterinined by the
reflectivity of alumnumfilnms formed on pits as well as the formof the
pits with respect to signal reproduction. In general, good innages cannot be
reproduced unless the reflectivity is not |ess than about 70 % Further, it
IS necessary in view of -t he producing process that the forned al um num
films sufficiently adhere to synthetic resin

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

5 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

10 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

15 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

20 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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slbstrates. An attenpt t0: reduce the filmthickness of alumi numfilns to
attain both material saving and reduction of film forn1ng time to thereby
attain inprovenent in producing efficiency is effective for reduction in
cost of optical discs. The conventional technique of vacuum evaporation,
however, has a problemin that the alum numfilns cannot be thinned

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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s as to be not nore t hafr about 600 A in view of the reflectivity. Further,
the techni que of vacuum évaporation requires a | arge nunber of work steps
because of problens on the lifetinme of the resistors (for exanple, tungsten
heaters 14 as shown in Figs. 17 and 18) for resistance heating in the
evaporation source, and on the supply of a netal such as al um num being an
evaporation material. Accordingly, a

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

5 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

10 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

15 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

20 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

25 and, accordingly, the aluminum f£ilm is excellent in durability.
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subst anti al

probl em agai/fNst reduction in cost, that is,-Tinitation in

praducing efficiency and-stability of production, Is inhérent in the
t echni que of vacuum evaporation. Such a problemis also inherent in a
recently devel oped technique (so-called in-line single disk production

systen) in
as

10

15

20

25

whi ch evaporation is applied to substrates one by one, as well

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
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
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
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

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

oxidation due to moisture absorption, corrosion and the 1like

This Sheet Has Been Rcifaced - 15 -
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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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t he af or ementi oned technirque (so-called batch type standhal one systen) in
whi ch evaporation is appli ed to a | arge nunber of subst i‘at es at once as
shown in Figs. 16 and 17. On the other hand, in the technique of plasna
sputtering, a continuous operation can be nade until the initially arranged
nmetal target such as aluminumis worn out. This is effective for

| mprovenent in producing efficiency. Further,

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;

T



sufficient reflectivity ©an be obtained stably if the fiTm thickness of
metal films such as alunfnumfilms is not | ess than 500 A. The techni que of
pl asma sputtering, however, has a problemin that the adhesion of netal
films, especially, alumnumfilns, to synthetic resin substrates such as

acrylic resin noldings is insufficient.

The | owering of the adhesion of

aluminumfilnms is considered to be caused by resin surface deterioration,

i nvol vi ng
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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

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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in resin injury due to tenperature, produced by exposi ng=sur f aces of
synthetic resin substrat’és to high-density plasma at the filmformng tine
and by some interaction between the alum numfilms and inpurity gas

rel eased fromresin surfaces by heat due to inflow of acceleration

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

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;

5 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 d

i
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"Furthers, in the case wher®e the alumnumfilmformed by the aforenentioned

t echni que of vacuum evaperation or plasma sputtering is used as a
reflection filmof an optical infornmation recording medium the generally
obt ai ned per- formance thereof is heretofore limted 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/INratio of the regenerative output. In the case where high picture
quality is required, that

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

- - 2 -
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i, in-<the case where, for exanple, the alumnumfilmig$ used for
reproduction of high definition television imges, there arises a problem
in that the reproduced inages are insufficient in sharpness if the
reflectivity and SINratio is limted as described above. In the case where
t he techni que of vacuun1evaporat|on I's used, an alum num film havi ng hi gher
reflectivity (80 to

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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85% and higher S/Nrati-e, (41 to 45 dB) can be provided Dy reducing the
anpunt of oxidized almingmin the alumnumfilm The al um numfilmthus
provi ded, however, has a tendency that there occurs easily a durability
problemin that both rising of noise and | owering of recording strength are
brought by corrosion and the |ike caused by npoisture ab- sorption oxidation
and chem cal reaction when the alumnumfilmis left for a long tine.
Accordingly, there arises a

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 A 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 X 761 o o This
above invention
20 The same as 400 A 782 A A This
above invention
The same as 500 A 782 X 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
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problemin that inprover@nt in both the performance (reflectivity and S/'N
ratio) of the filmand durability thereof cannot be attédined

si mul t aneously. From Journal of Vacuum Science & Technol ogy A, (5, 87)
Nunber 4, pages 1,870 to 1,873, a process for formng CoCr thin filnms on
pol yi m de substrates by ion beam sputtering is known. The thickness of the
attained netal films is

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-

S 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

10 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

15 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

20 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

25 Fig. 1. The deposite condition was as follows.
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speC|f|ed to be about 3;5000 A. The study includes the depEndenC|es of the
CoCr film properties on deposition param eters such as accel eration
vol tage of sputtering ion, substrate materials, substrate tenperature and
substrate bias voltage. A first object of the present invention is to

provide a process for efficiently formng netal filns being high in
reflectivity

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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and good in adhesion to:Synthetic resin substrates regardless of the
reduction in filmthicknédss of the netal
af orenenti oned di sadvantages fromthe two conventi onal
invention is to provide an alum numfil m coated

obj ect of the present

object having an alum numfilmhigh in |ight

durability.

10
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filnms,

thus to €élimnate the

t echni ques.

A second

reflectivity and excellent in

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 °
PS 300 A 682 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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I n ordertoattalntheflrsf“pbject a process according to the resent invenion
is.set forth in patent ¢l¥faim 1. The second object can be ‘achi eved by an

al umi num fil mcoated object having the features of patent claim3. The
process according to the present invention is called "ion beam sputtering”.
In this process, a surface of an alumnumtarget is beaten by an inert gas
I on beam so that netal particles flown out therefromare deposited on an

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

5 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

10 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

15 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

20 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

25 of synthetic resin substfates 6 mounted on the holders 4
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acrylic resin substrate ;0 thereby forma netal filmon The resin
substrate. In this procéess, theoretically, not only theré is no plasm in

t he nei ghborhood of the surface of the resin substrate, but there is no
acceleration electron released from plasma. Accordingly, surface
deterioration of the acrylic resin substrate and generation of an

| mpurity-gas as observed in the conventional technique of plasma sputtering
can be prevented, so that an alum numfilmhigh in ad-

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
5 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

10 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

15 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.

20 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

25 apparatus shown in Fig. 19. In this apparatus, a mesh-like
TN




hési on *can be for ned. Preferred exanples of ions or ionHeans used in the
af orenenti oned process dare ions or ion beans of inert gases such as argon
gas, helium gas, neon gas, krypton gas, xenon gas, etc. If ions or ion
beans of other gases such as nitrogen gas, oxygen gas, etc., are used, the
reflectivity of alumnumfilnms may be |l owered by interaction thereof with

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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the aluminumfilns. Metal:particles such as al uninum particles sputtered by
this process have noderat'® kinetic energy of the order of several eV to
about 20 eV. This energy contributes to inprovenent in the crystallization
of the films, so that the netal filnms such as alum numfilns accunul ated on
the synthetic resin substrates have a very fine structure, saying to be

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
5 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,
10 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
15 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
20 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

25 substrate 64, the aluminum crystals having a relation in
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ci ose- packed structure, “and accordingly, the aIun1nun1fFTnE are high in

reflectivity even if thé Filmthickness thereof

to experinments of the inventors of the present invention, netal fil s

formed by the

techni que of ion beam sputtering or the like are so high in

Internal stress that a predeterm ned correl ation may often occur between

10

15

20

This Sheet Has Been

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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adhesi on and filmthickngss. Therefore, both reflectivity: and film
t hi ckness have been esti‘ftated about netal filnms having Various film
t hi cknesses. As a result, it has been found that alum numfilns bei ng good

both in reflectivity and

Examples of the aluminum film coated matter will
be described.
EXAMPLE 1
Using the ion beam sputtering apparatus as shown
5 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
10 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
15 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
20 &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

25 described above by the ion beam sputtering technique and
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[err] -3- in adhesion cam be formed when the filmthicknéss thereof is in a

»

range of 50 A to 400 A ="

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

5 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.

10 After an aluminum having a thickness of 3000 &
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

15 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
20 i RAD-2B made by RIGAKU Co., Ltd.
Target: Cu
X-ray Type: Ka ray
Measurement X-ray Output:

voltage 40 KeV, current 30 ma

25 Longitudinal Divergehce Limiting Sollar’s Slit:
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| h prdétical use, the degree of vacuumin the atnosphere at the deposits
time is preferably highe#’than about 5.2 [err]. Further, 'the energy of the
ion beamis preferably higher than 100 eV which is a limt on sputtering.
General ly, a range of about 200 eV to about 10 KeV can be used easily as

t he energy. Although the deposite rate is in a range of 1 A/lsec to 500

Al sec when the energy of the ion beamis in the aforenentioned range, the
deposite

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: 6/26 method (the measuring
method in which the Bragg’s
condition (2dsin®=niA) is satis-
fied when the X-ray incident
15 angle and the X-ray scattering
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.
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rate |s'preferably | ower”-+han 200 to 400 A/sec in V|em10f stability of
production. The acrylic tesin used in this invention is not limted
specifically. Preferred exanples of the acrylic resin are resins high in
transparency and excellent in other optical properties, such as nethyl
met hacryl ate pol ymer, nethyl nethacr- ylate-alkyl acrylate (O to C4)
copol yner, nethyl nethacryl ate-cycl ohexyl nethacryl ate copol yner, nethyl
met hacr -

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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ylatefoyclohexyl met hacryhat e- br omhexy[ net hacryl at ecopol-y.ner,

met hacryl at e- nal ei ni de copol ynmer, nethacryl ate. methacrylim de copol yner,
met hacryl at e-styrene copol ynmer, etc., and m xture resin conpositions of
these resins and synthetic transparent resins such as pol ycarbonate, etc.
The shape of the acrylic resin substrates is not limted specifically but
preferred exanples thereof are snooth

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.
5 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
10 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
15 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
20 ' 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,

25 the relation between the diffraction X-ray spectrum
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shapes ‘'such as a disc sﬁﬁbe a plate shape, etc. Any su1tab|e met hod
selected from general méthods such as a cast nolding nmet'hod, an injection
nol di ng met hod, a conpression nol ding method, a | am nating nethod, etc.,
can be enployed as the nethod of formng the substrates. By the way, the
alumnum filmcoated matter of the present invention was attained through

the present inventors

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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|nvestwgat|on for the stTucture of an alumnumfilmforngd on a substrate.
That is, it has been found from various researches that ‘the pr obl em on
reflectiV|ty and durability of the conventional alumnumfilmcoated matter
i s caused by the poor fineness and poor crystal arrangenment of the alum num
filmformed on a substrate. That is, the conventional alumnumfilmis
porous (a polycrystalline substance not oriented). Accordingly,

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.
0 . X-ray Diffraction Condition
Measuring Apparatus: X-ray diffraction apparatus
RAD-2B made by RIGAKU Co., Ltd.
Target: Cu
X—raf 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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if the.anount of oxi di zed al mi num not contributing to li:ght reflection is
reduced by reducing the-6xygen content of the film thereflectivity of the
filmis inproved but on the contrary the durability thereof is |owered
because a tendency to increase the anount of water (or the like)
penetrating into the filmis brought by reduction of the anpbunt of oxide
for filling the porous portion.

Measuring Rate: 2 degrees per minute
Measuring Width: 0.02 degrees
Diffraction Method: 6/26 method
Number of Times of Accumulation: once

5 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)

10 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
15 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
20 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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Accordengly, it has beenfound that an arrangenent in mﬁlch t he al um num
filmcontains alunlnunlcrystals oriented preferentially*in a direction
effective for light reflection, has an effect on achieving both high
reflectivity and high dura- biIity. More specifically, light reflection is
brought by interaction between incident |ight and al um num atons, so that
hi gher reflectivity can be provided as the surface density of al um num
atons in a surface perpendicular to- the incident

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
S 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
10 3.8 x 10"® Torr) were conducted from the aluminum £ilm
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.

15 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
20 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

25 Number of Times of Ac¢cumulation: twice
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| i ght increases. That is™alum num has a pl ane-centered .cubic lattice
crystal structure, so th& the (111) plane is a surface ‘Packi ng al umi num
crystals at highest density. Accordingly, an alumnumfilmhigh in
reflectivity can be provided by containing alum numcrystals 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
filmsurface, that is, by containing al um num

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 separated into

S 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

10 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

15 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.

20 . 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

25 Table 3. The reflectivity in each of the aluminum films is
- 40 -
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crystaks having a relatimn in which a crystal axis <111:> perpendicular to
the (111 ) plane is perpendicul ar or substantially perpe&hdicular to the
filmsurface as described above. This is particularly effective in the case
where the incident |ight enters perpendicularly or substantially
perpendicularly to the alumnumfilmsurface. The al um num film having such
crystal orientation is also fine, so that penetration of water or the |ike
can be

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
5 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
10 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

As is obvious from this Table, the aluminum film

15 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

20 Comparative Example 4 is considerably high in reflectivity
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prevented and, accordingly, the alumnumfilmis excellent in durability.
The reason mhy the depth’“at which the oriented alunlnunlcrystals exist is
limted to a depth of not nore than 600 A is as follows. That is, in the
case where light enters at the substrate side, the alum num | ayer
contributing to light reflection is in a depth range of not nore than 600 A
fromthe al um numfilmsurface which contacts with the substrate.

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

5 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,

5 etc. |

As described above, the aluminum film coated

matter according to this invention contains aluminum

crystals oriented as describea above in the film, so that

the film is high in light reflectivity and excellent in

10 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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The elelfectively contributing to Ilght reflection is in
a deatlmugmelmmﬂﬂclnlmlmre than 400 A. Accord- ingly, if "the ori ent ed

al um numr yst 8l ssdo* not exist in the aforementioned depth range,
sufficient reflectivity cannot be provided even if the oriented al um num
crystals are included. In the aforenentioned alumnumfilm it is

preferable in view of inprovenent of reflectivity that a m ni num val ue

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

i i i s said s ti

3 selecting an acrylic resin suf:sE_a_x;g_ a d 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.

- 43 -
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|nthep ution of the rmleratlo(AI-O’Al) of oxidi zed

al m num mem “ﬁ“ﬁ' an of the depth of the alum numfilmto total

al um c, measured *y using an X-ray photo-el ectron spectroscopy, is
not rmre than 30 % nore preferably, in a range of 10 to 25 % As descri bed
above, also in the technique of vacuum evaporation, a filmhigh in
reflectivity can be provided by reducing the anount of oxidized al m num
contained in the alum numfilm How

1 5. A process for forming a metal film on a
2 surface of a synthetic resin substrate, comprising the
3 steps of:
4 evacuating a vacuum vessel containing said
5 synthetic resin substrate and a metal target;
6 forming a means for preventing diffusion of an
7 inert gas plasma to a surface of said synthetic resin
8 substrate and for preventing inflow of acceleration
9 electrons from said plasma to the surface of said synthetic
10 resin substrate; and
11 sputtering said metal target by ions in said
12 plasma in a vacuum atmosphere so that said metal £film
13 having a thickness of 50 to 400 A is formed on the surface
14 of said synthetic resin substrate.
1 -6. A process for forming a metal film as
2 claimed in claim 5, wherein said forming step includes a
3 step of providing a set of opposed targets which have
4 magnets of opposed polarity behind them.
1 7. A process for forming a metal film as
2 claimed in claim 5, wherein said forming step includes a
3 step of providing an electrostatic shield to cover said
4 synthetic resin substrate.
_ - 44 -
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ever, 'if idized almnumin the filmis net adjusted to
abaqut 35 "(]ﬁim !L[MI ses in that |owering of durabi l4*ty is brought by
oxi dat i onx absorption, corrosion and the |i ke when the
aluminumfilmis left for along time. On the contrary, in the case of the
al um nun filmcontaining alum numcrystals preferentially oriented to the
(111) plane as in this invention, there is no problemof |owering of
durability because the alumnumfilmis so fine

1 8. A process for forming a metal £film as
2 claimed in claim 5, further comprising the step of
3 selecting an aluminum target as said metal target.
1 9. A process for forming a metal film as
2 claimed in claim 5, further comprising the step of
3 selecting an acrylic resin substrate as said synthetic
4 resin substrate.
1 10. A process for forming a metal film as
2 claimed in claim S5, further comprising the step of
3 selecting an acrylic resin substrate used for an optical
4 disc as said .synthetic resin substrate.
1 11. An aluminum film coated matter ;, comprising:
2 a substrate made of a synthetic resin; and
3 an aluminum film coated on a surface of said
4 substrate, said aluminum film containing aluminum crystals
5 . at a portion in said film at a depth of not more than 600
6 A from a film surface thereof which contacts with said
7 substrate, said aluminum crystals having a relation in
8 which a crystal axis <111> perpendicular to a (111) plane
9 is perpendicular or substantially perpendicular to said
10 film surface. .
Sheet Has Been Replaced - 45 -
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that ther ration of water or the like. Agcordingly, in this
I nventi orﬂum |LH1;!‘J§I| }an be i nproved nore greatly by Teducing the anount
of oxidiz |In1thickness of the alumnumfilmof the
alumnum filmcoated matter is not limted 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 consi deration of producing efficiency

1 12. An aluminum film coated matter as claimed in
2 claim 11, wherein a minimum value in a percentage distri-
3 bution of mole ratio (Al-O/Al) of oxidized alminum (Al-0)
4 in a direction of the depth of said aluminum film to total
5 aluminum EAl), measured by using an X-ray photoelectron
6 spectroscopy, is not more than 30 %.
1 13. An aluminum film coated matter as claimed in
2 claim 11, wherein said synthetic resin constituting said
3 substrate is an optical transparent resin.
1 14. An aluminum film coated matter as claimed in
2 claim 11, wherein said aluminum film coated matter is an
3 optical information recording medium.
1 15. An aluminum film coated matter, comprising:
2 a substfate made of a synthetic resin; and
3 an aluminum film coated on a surface of said
4 substrate, said aluminum film containing aluminum crystals
5 at a portion in said film at a depth of not more than 600
6 A from a film surface thereof which contacts with said
7 substrate, said aluminum crystals exhibiting a diffraction
8 X-ray spectrum of a (111) plane when measured by X-ray
9 ‘diffraction according to a diffractometer method under the
10 following conditions: -

- 46 -
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asnreflectivity, because the portfon not
|"eﬁ¥ection i ncreases as the fil m thi ckness

?Sﬂt?’%ﬁilw Nl

11 target: Cu,

12 X-ray type: Ko ray,

13 | measurement X-ray output:

14 voltage 40 KeV, current 30 mA,
15 longitudinal divergence limiting Sollar‘’s slit:
16 horizontal type,

17 incident height limiting slit: 5 mm,

18 incident slit: 0.4 mm,

19 light-receiving Sollar’s slit: vertical type,

20 width limiting slit: 5 mm,.

21 : diffraction X-ray monochromator:

22 graphite horizontal plate, and
23 diffraction method: 6/26 method.

1 16. An aluminum film coated matter as claimed in
2 claim 15, wherein a minimum value in a percentage distribu-
3 tion of mole ratio (Al-O/Al) of oxidized alminum (Al-0) in
4 a direction of the depth of said aluminum film to total
5 aluminum (Al), measured by using an X-ray photoelectron
6 spectroscopy, is not more than 30 %.

1 17. An aluminum film coated matter as claimed in
2 claim 15, wherein said synthetic  resin constituting said
3 substrate is an optical transparent resin.

”~
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[err] ease where the filmthickness of?the al umi num film
| s.not mgmamu j E ‘alum num crystal s having the af or'enenti oned crystal
orient nged at an arbitrary depth in the alumnumfilm O

course, al um num crystal s can be arranged in the whole area in the al um num
film

1 18. An aluminum film coated matter as claimed in
2 claim 15, wherein said aluminum film coated matter is an
3 optical information recording medium.
- 48 -
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Further, it has been fodﬁa from various researches that.Thcreasing of the
ki neti c energy of alum num particles accunul ated on the 3ubstrate has an
effect on form ng the aforenentioned alum numfilmon the substrate
particularly at a |ow substrate tenperature which is nearly equal to room
tenperature. Exanples of the nethod for increasing the kinetic energy of
al um num particles deposited on the substrate include

ABSTRACT OF THE DISCLOSURE

A metal film high in reflectivity and excellent

in adhesion to a synthetic resin substrate even in the case

where the metal film is sufficiently thin, is formed on a

5 surface of the substrate by sputtering a metal target
through an inert gas ion beam drawn out of an ion source

in a vacuum vessel. An aluminum film coated matter formed

by coating a surface of a synthetic resin substrate with an
aluminum @;lm, is characterized in that the aluminum film

10 contains aluminum crystals at a portion in the film at a
depth of not more than 600 A from a film surface thereof

which contacts with the substrate. The aluminum crystals

has a relation in which a crystal axis <111> perpendicular

to a (111) plane is perpendicular or substantially

15 perpendicular to the film surface. Also, the aluminum
crystals exhibits a diffraction X-ray spectrum of a (111)

plane when measured by X-ray diffraction according to a
diffractometer method under the following conditions:

target: Cu, X-ray type: Ka ray, measurement X-ray output:

20 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,

25 and diffraction method: 6726 method.

- 49 -
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an ion beam sputtering technique, an evaporation techni que using ion beam
radi ati on, an ion beam depositing tech- nique, an ion cluster beam

techni que, etc. The kinetic energy of deposited particles can be generally
i ncreased fromthe order of several eV to the order of hundreds of eV by
usi ng these techniques singly or in conbination. The nethod used for
formng the alumnumfilmcoated matter according to this invention is not
limted to specific one of the afore-

FIG. 1
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menti oned techniques but the preferred exanple thereof is the ion beam
sputtering technique by which the surface of the substrate nade of a
synthetic resin is free fromdamage due to plasna and heat. Fig. 1 is a
schemati ¢ view showi ng an exanpl e of an ion beam sputtering apparatus for
carrying out a netal filmform ng process according to the present

FIG 3 .
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Fig. 2 is a graph showing an exanple of the neasurenent result of the
t hi ckness-reflectivity characteristic of an alumnumfilm Fig. 3 is a
schematic view showi ng an exanple of a plasma sputtering apparatus for
carrying out an alumnumfilmform ng process according to the present
i nvention;

FIG. 5
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Fig. 4 is a schematic view showi ng another exanple of a plasma sputtering
apparatus for carrying out an alumnumfilmformng process according to
the present invention; Fig. 5 is a sectional view schematically show ng an
exanpl e of an al um num filmcoated matter accor di ng to the present

i nvention;
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Fig. 6 is a schematic graph showing an exanple of the result of the X-ray
diffraction analysis of an alumnumfilmforned by the ion beam sputtering
technique in the case where the thickness of the alumnumfilmis 100 A
Fig. 7 is a schematic graph show ng an exanple of the result of the X-ray
diffraction analysis of an alumnumfilmformed by the ion beam sputtering
technique in the case where the thickness of the alumnumfilmis 200A,
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Fig. 8 is a schematic graph showing an exanple of the result of the X-ray
diffraction analysis of an alumnumfilmforned by the ion beam sputtering
technique in the case where the thickness of the alumnumfilmis 300 A
Fig. 9 is a schematic graph showi ng an exanple of the result of the X-ray
diffraction analysis of an alumnumfilmformed by the ion beam sputtering
technique in the case where the thickness of the alumnumfilmis 400 A
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Fig. 10 is a schematic graph showi ng an exanple of the result of the X-ray
diffraction analysis of an alumnumfilmforned by the ion beam sputtering
technique in the case where the thickness of the alumnumfilmis 500 A
Fig. 11 is a schematic graph showi ng the relation between the thickness and
the reflectivity of an alum numfilmof Exanple 2 oriented in the (111)

pl ane;
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Fig. 12 is a graph showing the relation between the diffraction X-ray
spectrumintensity in the (111) plane and the reflectivity of an al um num
film Fig. 13 is a schematic graph showi ng an exanple of the result of the
X-ray diffraction analysis of an alumnumfilmfornmed by a conventional

vacuum evapor ati on techni que;
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Fi'g. 14 is a schematic graph showing an exanple of the result of the X-ray
diffraction analysis of an alum numfilmfornmed by a conventional magnetron
sputtering technique; Fig. 15 is a graph showi ng the relation between the

t hi ckness and the reflectivity of an alumnumfilmformed by the

conventi onal vacuum evaporation techni que;
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Fi'g. 16 is a schematic view show ng an exanple of a conventional vacuum
evaporation apparatus; Fig. 17 is an upper view show ng anot her exanpl e of
a conventional vacuum evaporation apparatus; Fig. 18 is a side view of the
apparatus depicted in Fig. 17; and Fig. 19 is a schematic view show ng an
exanpl e of a conventional plasnma sputtering apparatus.
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PROCESS FOR FORMING METAI. FILM, 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
d synthetic resin substrate with an aluminum film.
Heretofore, synthetic resin substrates such as acrylic
resin moldings, provided with metal films formed on the

respective surfaces thereof, are used in miscellaneous
decoration goods, optical parts, optical recording media, etc.
Particularly, optical discs such as video discs for which the
demand has increased'remarkably in recent ﬁears, 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
signals, video signals, etc. |

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

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

synthetiq resin substrates 6 such as acrylic resin moldings
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toward the alum numtarget 28a on the target holder 32. The ion source 34
radiates an inert gas ion beam 36 of inert gas ions such as argon gas ions
toward a surface of the alum numtarget 28a to thereby sputter the alum num
target 28a. Using the aforenentioned apparatus, filmform ng was made as
follows. That is, after an acrylic resin substrate 6a having a di aneter of
300 nm was nDunted on the holder 4 and phe high-purity alum numtarget 28a

was nount ed _
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
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
the number of substrates to be subjected to film forming, a
large number of substrates 6 may be arrangéd 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 source.ll has a large number of tungsten
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
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

to an arrangement in which a sputtéring source (for example,

e L

REPLACEMENT SHEE!,

This Sheet Has Been RTI' : 08 AUG 1996

R




on the target holder 32, the vacuum vessel 2 was evacuated to 2.6 [err]
(2.0 X [err] Torr). The inert gas ion beam

L]
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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 néighborhood 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 introduqea.

In the case where films are formed by the conventional
technique of vacuum evaporation, however, the adhesion of metal
films such as aluminﬁm 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. fThere 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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[err] -5- 36 was drawn out fromthe ion source 34 in the follow ng
condition and radi ated toward a surface of the alum numtarget 28a, so that
al umi num particles 38 beaten out of the alum numtarget 28a were deposited
on a surface of the
-4-
the kinetic energy of evaporated metal particles such as
aluminum particles is considered to be so low as abouﬁ 0.1 ev
that the metal films deposited on the substrates are poor in
fineness, crystalliﬂe arrangement, etc.

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 reflectiﬁity of aluminum films
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
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 prqducing efficiency is
effective for reduction in cost of optical discs. The
conventional technique of wvacuum 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 of work steps because of problems on the lifetime

of the resistors {for example, tungsten heaters 14 as shown in
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acrylic resin substrate 6a to thereby forman alumnumfilmon the acrylic
resin substrate 6a. The thickness of the alum numfilmwas adjusted by the
deposite time. lon Type: argon lon Energy: 1500 eV

-5 -

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 sﬁbstantial problem
against reduction in cost, that is, limitation in producing
efficiency and stability of production, is inherent in the
technique of vacuum evaporation. Such a problem is also
inherent in a recently de\_reloped technique (so-called in-line
single disk productién system) in which evaporation is appliled
to substrates one by one, as well as the aforementioned
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
metal target sucil 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 560 A. The
technique of plasma sputtering, }}owever, has a problem in that
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 resin surface deterioration,

involving in resin injury due to temperature, produced by
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Beam Current: 300 mA An exanple of the nmeasurenent result of the

t hi ckness-reflectivity characteristic of the alumnumfilmforned on the
surface of the acrylic resin substrate 6a as descri bed above is shown in
Fig. 2. Although details of the result will be collectively shown in Table
1, reflectivity of not less than 68 %wls- obtai ned when the filmthickness
was not | ess :

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 released from resin
surfaces by heat due to inflow of acceleration electrons
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
éputtering is used as a reflection film of an optical
information ~recording medium, the’ generally obtained
performanée thereof is heretofore limited to a range of about
72 % to about 80 % as its refiectivity 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
the case where, for example, the aluminum film is uéed 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 1limited as
described above.

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 f£ilm. The
aluminum film thus provided, however, has a tendency that there

occurs easily a durability problem in that both:rising of noise
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than 50 A. The adhesion of the alumnumfilmto the acrylic resin substrate
6a was estimated by a tape peeling test in which an adhesive plane of a
transparent adhesive tape was sufficiently pressed to a surface of the
alumnumfilmand then rapidly vertically peeled fromthe surface. As a
result, separation of the alum numfilsmwas al ways observed when the

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 oxrder 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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filmthi ckness was not |ess than 500 A, separation of the alum numfilmwas
soneti nmes observed when the filmthickness was 400 A; and separation of the
alumi num fil mwas not observed when the filmthickness was | ess than 400 A
These results, together with results of conventional conparative exanples
are collectively showmn in Table 1. Tabléa_l

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 xesin .substrate and for preventing inflow of
acceleration electrons from the plasma to the surface of the
synthetic res?n substrate.

The second object can be achieved by an aluminum film
coated matter having an aluminum film as a constituent hember
of the aluminum film coated matter, in which: the aluminum film
.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 sﬁbstantially perpendicula:-to the
film surface. '

The second object can be achieved also by an aluminum film
coated matter having an aluminum film as a constituent member
of the aluminﬁm film coated matter, in which: the aluminum film
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'cfystals 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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Deposite techni que Filmthickness Reflectivity Adhesion Total

estimati on Remarks Vacuum evaporation 600 A 70% A
A Conventi onal exanple The sane as above 300 A 58%
[err] X Conventi onal exanple Plasm sputtering 500
A 70% X X Conventi onal exanpl e

-9_

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: 6/26 method.

The first process-according to the present invention is
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 suqh as an acrylic
resin moldind to thereby form a metal film on the synthetic
resin substrate. In this process, theoretically, not only
there is no plasma in the neighborhood of the surface of the
syrithetic resin substrate, but .there is no acceleration
electron released from plasma. - Accordingly, surface
deterioration of the synthetic resin substrate and generation

of an impurity gas as observed in the conventional technique of
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| on beam sputtering 50 A 68% 0 A

This invention The sane as above 100 A 70% 0
0 This invention The sane as above 300 A 76%
0 This invention The sane as above 400 A 78%
A This invention - 10 -
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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 plasmé to the surface of the synthetic
resin substrdte and for preventing inflow of acceleration
electrons from the plasma to the surface of the synthetic resin
substrate. Accordingly, surface deterioration of the synthetic
resin 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 6:: 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.

ll
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The same as above 500 A 78% X X Qut
of this invention In this Table, 0 represents "Excellent", A represents
"Practicable" nore or less inferior to "Excellent", and x rep- resents
"Failure". As the wave |l ength used for neasuring reflectivity was 780 nm
whi ch was the wave | ength of a sem conductor |aser for optical discs.

_11_

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

Howevei, according 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 film
thickness have been estimated about metal 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.

In practical use, the degree of vacuum in the atmosphere at
the deposite time is preferably higher than about 4.0 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

energy. Although the deposite rate is in a range of 1 &/sec
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As is obvious fromthis Table, according to the process of the present

I nvention, reflectivity of not |ess than about 70 % can be secured mhen t he
t hi ckness of the alumnumfilmis in a range of 50 A to 400 A that is,
when the filmthickness is not nore than two thirds the filmthickness in
the conventional technique of vacuum evaporation. Further, nore excellent
adhesion than that in the conventionalltechnique of plasma sputtering can

be obt ai ned.

to 500 A/sec when the energy of the ion beam is in the
aforementioned range, the deposite rate is preferably lower
than 200 fﬁ 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 ﬁomopolymers,

- copolymers ox 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 methacrylatg polymer, methyl meth-
acrylate-alkyl acrylate (C1 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.

At €5y o,
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Further, an inmage pattern was reproduced froma video disc produced by
formng an alumnumfilmon an acrylic resin substrate 6a by the

af orenenti oned process and the inmage pattern was estimated. As a result, it
was confirmed that the sanme characteristic (such as S/N ratio) as obtained
by the conventional process was obtained even in the case where the film

t hi ckness was | ess than t hat obtained by the conventi onarprocess. .

_13-

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
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 éoated matter.of the present
invention was attained through the present inventors’
investigation for the structure of an aluminum film formed on
a substrate.

That is, it has been found from various researches that the
problem on reflectivity and durability of the conventional
aluminum £film coated matter is caused by the poox finepéss and
poor crystal arrangement of the aluminum film formed on a
substrate. That is, the conventional aluminum film is porous
(a2 polycrystalline substance not oriented). Accordingly, if
the amount of oxidized alminum not contribu;ing to 1light
reflection is reduced by reducing the oxygen content of the
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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Unli ke the aforenenti oned enbodi ment, in the practical deposite process,
filmformng 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 aluminumthin filns even. Exanples of plasma sputtering
apparatus havi ng neans of preventing diffu5|on of plasma to surfaces of

acrylic

Accordingly, it has been found that an arrangement in which
the aluminum film contains aluminum crystals oriented
preferentially in a direction effective fof 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 perpendicula; 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> pefpendicular
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 film surface.

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

and, accordinély, the aluminum film is excellent in durability.
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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
netal targets 28 are arranged in a vacuumvessel 2 so as to be opposite to
each other. Magnets 40 different in polarity are arranged in

_15-

The reason why the depth at which the oriented aluminum
crystals exist is limited to a depth of not more than 600 4, is
as follows. That is, in the case where light enters at the
substrate side, the aluminum layer contributing to light
reflection is in a depth range of not more than 600 A from the
aluminum film surface which contacts with the substrate. 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
the aforémentioned depth range, sufficient reflectivity cannot
be provided even if the oriented aluminum crystals are
included. .

In the aforementioned aluminum f£ilm, it is preferable in
view of improvement of reflectivity that a minimum value in the
percentage distribution of.the:mole ratio (Al-O/Al) of oxidized
alminum (Al-0) 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
technique of vacuum evaporation, a film high in reflectivity
can be provided by reducing the amount of oxidized alminum
contained in_the aluminum f£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 broughf By

oxidation due to moisture absorption, coxrgsion apd the like
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the back of the nmetal targets 28, respectively. The reference nuneral 42
desi gnates holders. A plurality of synthetic resin substrates 6 nounted on
the holders 4 are arranged around the opposite metal targets 28. The

ref erence nuneral 52 designates supports for holders. Further, cylindrical
anodes 46 are arranged around the netal targets 28, respec- tlvely The
reference nuneral 44 designates electrical insulating substances.

_16_

when the aluminum film is left for a 1long time. On the
contrary, in the case of the aluminum film containing aluminum
crystals preferentially oriented to the (111) plane as in this
invention, there is no problem of lowering of durability
because the aluminum film is so fine that there is 1little
penetration of water or the 1like. Accordingly, in this
invention, reflectivity can be improved more greatly by
ieducing the amount of oxidized alminum.

The film thickness of the aluminum £ilm of the aluminum
£film coatéd 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
thickness increases. 1In 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 £film. Of course,
aluminum crystals can be arranged in the whole area in the
aluminum £ilm.

Further, it has been found from various researches that
increasing of the kinetic energy of aluminum particles
accumulated on the substrate has an effect oﬁ forming the
aforementioned aluminum film on the substrate particularly at
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a2 low substrate temperature which is nearly equal to room
temperature. |

Examples of the method for increasing the kinetic energy of
aluminum particles deposited on the substrate include an ion
beam sputterihg technique, an evaporation technique using ion
beaﬁl 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

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 techniques but
the preferred example thereof is the ion beam sputtering
technique by which the surface of the substrate made of a

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

e

aluminum film;
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bet ween the two netal

In this apparatus,
targets 28 by an electric field forned between the

anodes 46 and the netal

nuner a

bet ween t he opposite netal

A
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48 designates nmagnetic force lines as a typica

hi gh-density inert gas plasm 30a is generated

targets 28 and a nmagnetic field (the reference
exanpl e) forned
targets 28, when an inert gas is intro-
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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 is
result of the
fdrmed by the
the thickness

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

Fig. 8 1is
result of the
formed by the-
the thickness

Fig. 9 is
result of the
formed.by the

the thickness

M

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;

a schematic graph shswing 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 200 &;

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 anélysis of an aluminum film
ion beam sputtering technique in the case where

of the aluminum film is 400 A;
REPLACEMENT SHEET;
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duced in the vacuum vessel 2 to form noderate pressure and at the sane tine
a voltage is applied between the anodes 46 and the netal targets 28.
Furthernore, not only the inert gas plasm 30a is enclosed in a space by
the magnetic field formed between the opposite nmetal targets 28 but
acceleration electrons trying to go out of the Inert gas plasma 30a are
encl osed in the sane space by the nagﬂgtjc field in the same manner as
descri bed above. Accordingly,

Fig. 10 is a schematic graph showing an example of the
result of the X-ray diffraction analysis gf an aluminum f£ilm
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 (111) plane;

Fig. 12 is a graph showing- the .relation between the
diffraction X-ray spectrum iﬁtensity in the (111) plane and the
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 techniqgue;

Fig. 14 is a schematic graph showing an example of the
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 conventional wvacuum evaporation technique;

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

- Fig. 17 is an upper view showing another example of a
conventional vacuum evaporation aéparatus;

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

17; and
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darmage given to surfaces of the acrylic resin substrates 6 by the plasma
and the acceleration electrons can be pre- vented. The apparatus shown in
Fig. 4 basically uses the same nmagnetron sputtering technique as used in

t he apparatus shown in Fig. 19. In this apparatus, a nesh-Ilike

el ectrostatic shield 54 of. not |ower rm&lectric potential than the hol ders

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
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
example of a metal targét 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
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 acxrylic resin substrate 6a
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 10-3 Torr.

The inert gas ion beam 36 was drawn out from the ion source 34
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4 is arranged so that the nei ghborhood of the surfaces of the acrylic resin
substrates 6 mounted on the holders 4 can be covered at the |east. \Wen the
af orenmentioned el ectrostatic shield S4 is used, inert gas plasma 30a is
gener at ed between the electro- static shield 54 and the sputtering source
24 and at the sane t-inme there is no electric field generated between the

- 21 -

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
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

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
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 an
adhesive plane of a transparent adhesive tape was sufficiently
pressed to a surface of the aluminum film and then rapidly
vertically peeled from the surface. As a result, separation of
the aluminum film was always observed when the f£ilm thickness
was not less than 500 A; separation of the aluminum film was

sometimes observed when the film thickness was 400 A; and

This Sheet Has Been qu aced

LT




el ectrostatic shield 54 and the holders 4 or, if there is any electric
field, the electric field serves to press the inert gas plasm 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 acrylic resin substrates 6. Furthler, acceleration electrons fromthe
inert gas plasma 30a cannot flowin the el ectrostatic shield 54, so that

t he accel eration el ectrons cannot reach :

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

rative examples are collectively shown in Table 1.

Table 1

Deposite Film Reflec~ | Adhe- Total

technique thickness | tivity sion | estimation Remarks
Vacuum 600 A 702 A A Conventional
evaporation example
The same as 300 & 582 A x Conventional
above .. | example
Plasma . | so0 i 702 x x Conventional

) sputtering example

Ion beam 50 & 682 o A This
sputtering ' invention
The same as 100 A 702 ° o This
above invention
The same as 300 & 762 o o This
above invention
The same as 400 A 782 A A This
above invention
The same as 500 A 782 x X Out of this
above . invention

In this Table, © represents “Excellent", A
represents “Practicable® more or 1less inferior to
*Excellent", and x represents "Failure”. As the wave
length used for measuring reflectivity was 780 nﬁ'which was
the wave length of a semiconductor‘laser for optical discs.

As is obvious from this Table, according to the

praocess of the present invention, reflectivity of not less
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the resin substrates 6. Accordingly, danmage given to the surfaces of the
acrylic resin substrates 6. by the plasnma and the accel eration el ectrons can
be prevented. The excellent characteristic of alumnumfilns formed on
surfaces of acrylic resin substrates EX t he af orenenti oned processes
according to the present invention caf’be wi dely used for other purposes
than the purpose for optical discs.

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 wa$ estimated. As a reéult, 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 procesé.

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 f£ilms
were xespectively formed on sgrfaces of acrylic resin
substrates by the same ion spuﬁtering apparatus as shown in

Fig. 1. The deposite condition was as follows.
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For exanple, the nmetal filns can be used as netal reflection filns in

m scel | aneous decorati on goods, optical parts, etc. As described above,
according to the present invention, alumnumfilnms high in reflectivity and
excellent in adh esion to acrylic resin substrates can be forned even in
the case where the alumnumfilnms are gquificiently thin. As a result,

mat eri al saving and shortening of deposite tine can be attained, so that-an
i mprovenent in producing efficiency can

Ion Type: argon

Ion Energy: 1000 eVv

Beam Current: 60 mA

Measurement results about the reflectivity,
adhesion, etc. of the metal films formed on the surfaces of
the acrylic resin substrates by this process, together with
results obpained by the conventional process as comparative

examples, are collectively shown in Table 2.
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be attained. Accordingly, reduction in cost of optical discs or the |ike
can be attained. Further, the processes according to the present invention
technically belongs to the category of sputtering, so that, unlike the
vacuum evaporation tech- nique, the filmform ng processes can be continued
before the initially arranged alum nyptarget is worn out. Accord- ingly,
metal filmscan beformed efficiently] <0~that inprovenent in producing

ef ficiency can be al soattained in this sense.

Table 2
_ Film- Film Reflec- { Adhe- Total
Material | forming | thickness | tivity sion | estim. Remarks
1BS 300 X 782 o o This
invention
Gold T o
Ps 300 A 702 x x Conventional
example
EB 300 A 602 A x Conventional
example
IBS 300 & 852 o o This
invention
Silver
PS 300 & 727 X X Conventional
example
EB 300 & " 63% A x Conventional
example
1BS 300 4 762 A A This
invention
Copper o
Ps 300 A 682 X X Conventional
example
EB ) 300 & 602 X x Conventional
example
IBS 300 & 682 - o A This
invention
Platinum o
Ps 300 A 5827 x X Conventional
example
EB 300 & 502 A X Conventional
example

In this Table, IB§ represents an " ion beam
sputtering technique, PS represents a conventional plasma
sputtering technique, and EB represents a conventional
vacuum evaporation technique. The wave lengﬁh used for
measuring reflectivity was 780 nm which was the same as

described above.

H
1
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Next, an alum numfilm coated object having an alum numfilmaccording to
the present invention wll be described. As shown in Fig. 5, an alum num
film66 of an alum num fil m coated object 62 contains alum numcrystals at
a portion in the filmat a depth D of not nore than 400 A froma film
surface 65 thereof which contacts with.a substrate 64, the alum num
crystals having a relation in which a érystal axis <111 > is parallel to
the filmsurface 65.

As is obvious from this Table, it can be said
that the gold, silver and copper films formed by the
process 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 thaﬁ the reflectivity thereof
becomes bad. The metal films formed by the conventional
plasma sputtering technigue are bad in adhesion.

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

The apparatus shown in Fig. 3 uses opposed target
sputtering technique. 1In this apparatus, two metal targets
28 are arranged in a vacuum vessel 2 so as to be opposite
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 substrates 6 mounted on the holders 4
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Al so, according to the present invention, the alumnumfilm 66 contains
alum numcrystals at a portion in the filmat a depth D of not nore than
400 A fromthe filmsurface 65 thereof which contacts with the substrate
64, the alumnumcrystals exhibiting a diffraction X-ray spectrum of a
(111) plane when nmeasured by X-ray difayraction according to a
diffractoneter nethod under the follow ng condition:
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 targets 28, respectively. The reference numeral 44
designates electrical insulating substances.

In this apparatus, highédensity 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 inert 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 givén 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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Cu, X-ray type: [err] ray, measurenent X-ray output: voltage 40
KeV, current 30 mA, |ongitudinal divergence limting Sollar's slit:
hori zont al

M

type,

|

-28-

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. |
When the aforementionéd 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'elegtrostatic sﬁield 54 and the holders 4 or, if there
is any electric field, the electric field serves 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 syntheticl resin substrates 6. Further,
acceleration electrons from the inert gas plasma 30a Eannot
flow in the electrostatié 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
acceleration electrons can be prevented.

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

optical discs. For example, the metal films can be used as
REPLACEMENT SHEE]

o 08 AUB %5

il




i ncident height limting slit: 5 nm incident slit: 0.4 nm [ight-receiving
Sollar's slit: vertical type, wwdth limting slit: 5 mm

_29 -

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 like 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 aiso 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 film 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

s 1 v
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diffraction X-ray nonochromator: graphite horizontal plate, and diffraction
met hod: [err] nmethod. Exanples of the alum numfilm coated object will be
descri bed. EXAMPLE 1

- 30 -

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 A from the film
surface 65 thereof which contacts with the substrate 64,
the aluminum crystals exhibiting a diffraction ZX-ray
spectrum of a (111) plane when measured by X-ray
diffraction according to a diffractometer methed under the
following condition:

target: Cu,

X-ray type: Ka 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,

iight-receiving Sollar’s slit: vertical type,

width limiting slit: 5 mm,

diffraction X-ray monochromator:

graphite  horizontal plate, and

diffraction method: 8/28 method.
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Using the ion beam sputtering apparatus as shown in Fig. 1, filmformng
was made as follows. That is, after an acrylic resin substrate 6a having a
di aneter of 300 mm as an exanple of the substrate 64 nmade of a synthetic
resin (see Fig. 5 was nounted to a holder 4 and a high-purity al um num
target 28a was nounted to a target,h%hdgr 32, the

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 mm 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 107’
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 weré

- deposited on a surface of the acrylic resin substrate 6a,

thus to form an aluminum film on the acrylic resin
substrate fa. The thickness of the aluminum film was
adjusted by the deposite time.

Ion Type: argon

Ton Beam Energy: 1500 eV

Beam Current: 300 mA

Aluminum films respectively having film thick-
nesses of 100 A, 200 &, 300 A, 400 A& and 500 & 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 analysié. 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 ihe (111) plane was confirmed when the film
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 having 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 &
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 maA

Longitudinal Divergence Limiting Sollar‘s Slit:
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vacuum vessel 2 was evacuated to 2.6 [err] (2.0 x [err] Torr). An inert gas
I on beam 36 was drawn out fromthe ion source 34 in the follow ng condition
and radiated toward a surface of the alum numtarget 28a, so that al um num
particles 38 sputtered out of the alum numtarget 28a were deposited on a
surface of the acrylic resin substragg Ha, thus to forman alum numfilmon
the acrylic resin substrate 6a. The thickness of the alum numfilm was

adj ust ed by

horizontal type
Incident Height Limiting Slit: 5 mm
Incident Slit: 0.4 mm
Light-receiving Sollar’s Slit: vertical type
Width Limifing Slit: 5 mm
Goniometer Radius: 185 mm
Diffraction X-ray Monochromatoxr:
graphite horizontal plate
Measuring Rates.?2 degrees per minute
Measuring Width: 0.02 degrees
Diffraction Method: 6/26 method (the measuring
method in which the Bragg’s
condition (2dsin€=ni) is satis-
- fied whéen. the X-ray incident
angle and the X-ray scattéring
'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-
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

RAD-2B made by RIGAKU Co., Ltd.
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the deposite tine.

300 mA

| on Type: argon |on Beam Energy: 1500 eV Beam Current:

- 34 -

Target: Cu
X-ray Type: Ko ray
Measurement X-ray Output:
voltage 40 XeV, 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
Goniometer Radius: 185 mm
Diffraction X-ray Monochromator:
graphite horizontal plate.
Measuring Rate: 2 degrees per minute
Measuring Width: 0.02 degrees
Diffraction Method: 20 fixed (note 2)

Number of Times of Accumulation: once

(Note 2) The angle of 26 was fixed to a position of

aluminum polycrystal data according to JCPDS
-(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

measured. -The result of the measurement is shown in Fig.
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Alum num fil nms respectively having filmthicknesses of 100 A, 200 A, 300 A
400 A and 500 A were fornmed on acrylic resin substrates 6a in the sane
manner as described above by the ion beam sputtering techni que and then
subjected to X-ray diffraction analysis. The results of the analysis are
shown in Figs. 6 through 10. As showt 3h-Figs. 7 through 10, the clear
crystal orientation of alumnumin the (111) plane was confirned when the
filmthickness was

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 e#amples).
'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 subjecfed 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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not less than 200 A. It was found fromthis tact that the alum numfilm
formed by the aforenentioned techni que, espe- cially, the alum numfilm
having a thickness of not |less than 200 A, isa filmhigh in the surface
density of alum numatons. After an alum num 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 mas_§§q5ured. As a result, no crystalline
steructure except the (111)

intensity in the (111) plane and the reflectivity is shown
in Fig. 12. It is apparent from the drawing that the
reflectivity decreases as the diffraction X-ray spectrum
intensity in the (111) plane deéreases. The X-ray
diffraction 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
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.

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
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

by the wvacuum evaporation technique and the plasma
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pl ane was observed. The follow ng conditions show the condition for
measurenent of the aforenentioned X-ray dif- fraction and the condition for
measur enent of the rocking curve. X-ray Diffraction Condition Measuring
Apparatus: X-ray diffraction apparatus RAD 28 made by RI GAKU Co., Ltd.

- 37 -

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
X-ray diffraction condition when the diffraction angle 20
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.
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 maA .
Longitudinal Divergence Limiting Sollar‘s Slit:
horizontai type
Incident Height Limiting Slit: 5 mm
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:

graphite horizontal plate
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Target: Cu X-ray Type: [err] ray Measurenent X-ray Qutput: voltage 40 KeV,
current 30 nmA Longitudi nal Divergence Limting Sollars Slit: horizontal

type

- 38 -

Measuring Rate: 2 degrees per minute
Measuring Width: 0.02 degrees
Diffraction Method: 8/26 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 tgchnique under the condition that the
degree of vacuum is 2 x 10 Torr (Comparative Example 3)
and under the condition that the degree of vacuum is
1 x 10°° 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
thicknesswincreases to 600 A and, fhat the reflectivity
becomes constant when the film thickness is not legs 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 wvacuum at the depositg
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.
REPLACEMENT SHEET:
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Incident Height Limting Slit 5 mmincident Slit: 0.4 mmLight-receiving
Sollar's Slit: vertical type Wdth Limting Slit: 5 nm

- 39 -

EXAMPLE 5

The oxygen content (in the more strict sensé, 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
photoelectron spectrometer ESCA-750 made by Shimadzu
Seisakushd Ltd. .

X-ray Photoelectron Spectroscopy Measurement Condition

Measurement Element: Alspys2, Alzpsszs Cis, Ois
Measurement X-ray Output: 8.Kev, 30 ma
Target: MQ
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 Accumulation: twice
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pl ate Measuring Rate: 2 degrees per mnute Measuring Wdth: 0.02
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In most cases, the thus obtained Alp);; and Al,,,
spectra of the respective layers exhibit a mixture state of
oxidized alminum (Al-O0) and metal aluminum (Al).
Therefore, after the respective spectra were separated into
an oxidized alminum peak and a metal aluminum peak, the
area ratio (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 ha#ing high wvalues 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-0). 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 §00 A are collectively sho&n in

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

d




Diffraction Method: [err] nmethod (the neasuring nmethod in which the Bragg's
condition [err] is satisfied when the X-ray incident angle and the X-ray
scattering angle are respectively designated by [err] and 2[err]) Number of
Ti mes of Accumul ation: 10 tines (note 1) (Note 1) The reason why the nunber
of times of accunulation is selected4go-be plural is for the purpose of
reduci ng :

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 1into 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) | () 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 & -oriented :
Not 600 82 20 Bad Bad
oriented

As is obvious from this Table, the aluminum £film
in Example 2 exhibits high feflectivity 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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noi se through cal cul ati on of the average val ue. Rocki ng Curve Measurenent
Condi ti on Measuring Apparatus: X-ray diffraction apparatus RAD 2B nade by
Rl GAKU Co., Ltd. Target: Cu

- 42 -

but poor in durability, because the oxidized alminum
content thereof is small.

Not only the aluminum film coated matter
accorxrding 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 pafticularly'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 invenﬁion 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. A process for forming a metal film on a

surface of a synthetic resin substrate, comprisin§ the
steps of:
evacuating an vacuum vessel containing said
synthetic resin substrate and a metal target; and
sputtering said metal target by an inert gas ion
beam'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.

2. A process for forming a metal film as
claimed in claim 1, further comprising the step of

selecting an aluminum target as said metal target.

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

resin substrate.

4. A process for forming a metal film as
claimed in claim 1, further comprising the step of
selecting an acrylic resin substrate used for an optical

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 infl-ow 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.

g e it @
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8. A process for forming a metal f£ilm 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 5, 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-0/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 %.

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 substrate made of a synthetic resin; and

an aluminum film coated on a surface of said
substrate, said aluminum ﬁilm 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 (lll) plane when measured by X-ray

‘diffraction according to a diffractometer method under the

following conditions:




g

St andard) .

claim 15, wherein a minimum value in a percentage distribu-
tion of mole ratio (Al-0/Al) of oxidized alminum (Al-0) in
a direction of the depth of said aluminum f£film to total

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

O fixed (note 2) Nunber of Tinmes of Accunul ation:
Ff 2[err] was fixed to a position of alum num

once

ding to JCPDS (Joint Conmittee of Powder Diffraction

-47_

target: Cu,
X~ray type: Ka 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: vertic;l type,
width limiting slit: 5 mm,-
diffraction X-ray monochromator:
graphite horizontal plate, and

diffraction method: 8/28 method.

16. An aluminum film coated matter as claimed in

spectroscopy, is not more than 30 %.

claim_lS,

substrate

"

17. An aluminum film coated matter as claimed in

wherein said synthetic- resin constituting said

is an optical transparent resin.




EXAMP [ between filmthickness and reflectivityof an

al um tmmlﬁnﬁummnyi he i on beam sputtering technique in the sane nmanner
as in Exafple ™ wds freasured. The result of the neasurement is shown in
Fig. 11. It is apparent fromthe drawing that the increase of the

reflectivity is observed as the fil thaickness i ncreases to 600 A and that
t he - -

18. An aluminum film coated matter as claimed in

claim 15, wherein said aluminum film coated matter is an

optical information recording medium.
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reflectivity beconmes constant when the filmthickness is not

| ess than 600

A It is apparent fromthe result that the alum num |l ayer contributing to
the reflectivity is in a depth range of not nore than about 600 A fromthe
surface of the substrate. In the nmeasurenment of the reflectivity, 780 nm
bei ng the wave |l ength of a sem conductor, |aser used for optical discs was
used (the sanme wave | ength was appliee 4® et her exanples and conparative

exanpl es).

PROCESS FOR FORMING METAL FILM, AND ALUMINUM FILM COATED

MATTER

ABSTRACT OF THE DISCLOSURE

A metal film high in reflectivity and excellent

in adhesion to a synthetic resin substrate even in the case

where the metal film is sufficiently thin, is formed on a

surface of the substrate by sputtering a metal target

through an inert gas ion beam drawn out of an ion source

in a vacuum vessel. An aluminum film coated matter formed

by coating a surface of a synthetic resin substrate with an

aluminum film, is characterized in that the aluminum film

contains aluminum crystals at a portion in the film at a

depth of not more than 600 A from a film surface thereof

which contacts with the substrate. The aluminum crystals

FIGURE 1
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EXAMPLE 3 To confirmthe relation between the diffraction X-ray spectrumin
the (111) plane and the reflectivity of an alumnumfilm alum numfilm
sanpl es respectively having a thickness of about 3000 A but different in
diffraction X-ray intensity were forned on gl ass substrates by changing the
tenperatures of the substrates throughjtbhe ion beam sputtering

FIG. 1
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technique in the sane manner as in Exanple 1 and then subjected to the

measurenent of the reflectivity thereof.
oxi di zed almnumto the total

In this case,
aluminumin the alumnumfilmwas fixed to 30

the ratio of

%to avoid the influence of the difference in the ratio on the

reflectivity. Fromthe neasurenent

resug s

obtai ned, the relation between

the diffraction X-ray spectrumintensity in the (111) plane and the

reflectivity is showmn in Fig. 12.
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drawi ng that the reflectivity decreases as the diffraction X-ray spectrum

intensity in the (111) plane decreases.

The X-

ray diffraction neasurenent

was carried out in the same condition as in Exanple 1. EXAMPLE 4 After an

aluminum filmhaving crystal orientation in the (111) plane and having a
t hi ckness of 400 A was forned
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DIFFRACTION X-RAY
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on a video disc acrylic resin substrate in the same manner as in Exanple 1,
the reflectivity thereof against |aser light and the regenerative out put
wer e nmeasured. The neasurenent produced good results: the reflectivity of
89 %and the S/Nratio of 46 dB. Further, a video disc was produced by
using the matter obtained by the aforenEntioned process and was subjected

FIG. &8
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to an acceleration deterioration test in a constant-tenperature
constant-humdity condition of [err] and 60 % As a result, deterioration
of reproduced i mages was not observed at all even after the passage of 2000
hours. COVPARATI VE EXAMPLES 1 AND 2 Aluminumfilns with the thicknesses of

2000 A and 3000 A were respectively formed on acrylic resin substrates
- 5 - -
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by the vacuum evaporation technique and the plasma sputtering techni que
(magnetron sputtering technique) and subjected to X-ray diffraction
analysis. As a result, no peak (diffraction X-ray spectrun) except the

noi se | evel was observed as shown in Figs. 13 and 14 in the follow ng X-ray
diffraction condition when the diffraction angle 2[err] was in a range of
20 degrees to 80 degrees. It is apparerg fromthe result that the al um num
films formed by the conventional -
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t echni ques have a non-oriented crystal structure. X-ray D ffraction
Condi ti on Measuring Apparatus: X-ray diffraction apparatus RAD 2B nade by
Rl GAKU Co., Ltd. Target: Cu
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X-ray Type: [err] ray Measurenment X-ray Qutput: voltage 40 KeV, current 30
mA Longitudinal Divergence Limting Sollar's Slit: horizontal type I|Incident

Height Limting Slit: 5 nm
_8-
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Incident Slit: 0.4 mmLight-receiving Sollar's Slit: vertical type Wdth
Limting Slit: 5 mm
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Diffraction X-ray Monochromator: graphite horizontal plate Measuring Rate:
2 degrees per mnute Measuring Wdth: 0.02 degrees Diffraction Method:

[err] method
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PROCESS FOR FORMING MET
Description

S ————
, AND ALUMINIUM:

The present invention relates to a procaess tor torming a metal fitm on a surface of a synthetlc rasin substrate and
to an aluminum film coated matter formed by coating a surface of a synthetic resin substrate with an aluminum film,

Heretotore, synthetic resin substrates such as acrylic resin moldings, provided with matal films formed on the
raspactive surtaces thereol, are used in miscallaneous decoration goads, optical parts, optical recording media, etc.
Particularly, optical dises 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
synthelic resin substrates having recording pits corresponding to audio signals, video signals, stc.

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

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 opposite to the evaporation source 8 are provided in a
vacuum vessel 2 as shown in Fig. 16, and it is a techniquse for respectively forming films of a metal such as aluminum
on the respective surfaces of the substrates 6 by depositing particles 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 8 may be generally mounted on rotary holders 4 as shown
in Fig. 16. To increase 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 source 11 has a large number of tungsten 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 input terminal. The substrates & 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 Iin Fig. 17 in the vacuum vessel 2 as a whole,

The technique of plasma sputtering is, in general, applied to an arrangement in which a sputtering source (for
example, 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 ars 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 bust varies so widely as to be daficient 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 the kinetic energy of evaporated metal particles such as aluminum particles is considered to be sp low as
about 0.1 eV that the metal films deposited on the substrates are poor in fineness, crystalline arrangement, etc.

In the present state, metal refiection 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 ratic) thereof
is determined by the reflectivity of aluminum films formed on pits as well as the form ¢f 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 !o synthetic resin
substrates,

An attempt to reduce the film thickness of aluminum films to attain both material saving and reduction of film-
torming time to thereby attain improvement in producing sfficiency is effective for reduction in cost of optical discs. The
conventional technique of vacuum evaporation, however, has a problem in that the aluminum films cannot be thinned
0 as to be not more than about 600 A in view of the reflectivity.

Further, the technique of vacuum evaporation requires a large number of work steps bsecause of problents on the
litetime of the resistors (for example, tungsten heaters 14 as shown in Figs. 17 and 18} for resistance heating in the
evaporation source, and on the supply of a metal such as aluminum being an evaporation malerial. Accordingly, a
substanlial problem against reduction in cost, that is, limitation in producing efficlency and stability of production, Is
inherent in the technique of vacuum evaporation, Such a problem is also inherent in a recently developed technique
{so-called in-line single disk production systemn) in which evaporation is applied to substrates one by one, as well as
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On the other hand, in the technique of plasma sputtering, a continuous operation can be made until the initially
arranged metal target such as aluminum is worn out, This is effactive for improvement in producing efficiancy. Further,
sufficient reflactivity 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 the adhesion of metal films, especially,
aluminum films, to synthetic resin substrates such as acrylic resin moldings is insufficient.

The lowsring of the adhesion of aluminum films is considerad {o be caused by resin surface deterioration, involving
in resin injury due to temperature, produced by exposing surfaces of synthetic resin substrates to high-density plasma
at tha film-forming time and by some interaction between the aluminum fiims and impurity gas released from resin
surfaces by heat due to inflow of acceleration electrons 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 information recording medium, the ganarally obtained per-
formance thereof is herstofore 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. In the case where high picture quality is required, that
is, in the casa 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. '

In the case where the technigue 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 occurs easily a durability problem in that
both rising of noise and lowering of recording strength are brought by corrosion and the like caused by moisture ab-
sorpticn oxidation and chemical reaction when the aluminum film is left for a long time. Accordingly, there arises a
problemin that improvement in both the performance (reflectivity and S/N ratio) of the film and durability thereof cannot
be attained simuitaneously.

From Journal of Vacuum Science & Technology A, {5,87) Number 4, pages 1,870 to 1,873, a process for forming
CoCr thin films on polyimide substrates by ion beam sputtering is known. Ths thickness of the attained metal films is
specified to be about 3,000 A, The study includes the dependencies of the CoCr film properties on deposition param-
eters such as acceleration voitage of sputtering ion, substrate matenals, substrate temperature and substrate bias
voltage.

Afirst 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 ob]ect having an aluminum film
high in light reflectivity and excellent in durability.

- In order to attain the first object, a process according lo the present invention is set forth in patent claim 1.

The second object can be achieved by an aluminum film coated object having the features of patent claim 3.

The process according to the present invention is called "ion beam sputtering”. In this process, a surface of an
aluminum target is beaten by an inert gas ion beam, so that metal particles flown out therefrom are deposited on an
acrylic resin substrate to thereby form a metal film on the resin substrate. In this process, theoretically, not only there
is no plasma in the neighborhood of the surface of the resin substrate, but there is no acceleration electron released
from plasma. Accordingly, surface deterioration of the acrylic resin substrate and generation of an impurity-gas as
observed in the conventional technique of plasma sputtering can be prevented, so that an aluminum film high in ad-
hesion can be formed.

Preferred examples of ions or ion beams used in the aforementioned proceés are ions or ion beams of inert gases
such as argon gas, helium gas, necn gas, krypton gas, xenon gas, etc. If ions or ion beams of other gases such as
nitrogen gas, oxygen gas, stc., are used, the reflectivity of aluminum films may be lowered by interaction thersof with
the aluminum films. .

Metal particles such as aluminum particles sputtered by this process have moderate kinetic energy of the order of
several aV to about 20 eV. This energy contributes to improvement in the crystallization of the films, so that the 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 aluminum films are hagh in reflectivity even if the film thickness thereof is
thin,

Howavar, according to experimants of the inventors of the prasent invention, metal films formed by the technique
of ion beam sputtering or the like are so high in intemal stress that a predetermined correlation may often occur between
adhesion and film thickness. Therelore, both reflactivity and film thickness have been estimated about metal tilms
having varlous film thicknesses. As a result, it has been found that aluminum films being good both in reflsctivity and
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In practical use, the degree of vacuum in the atmosphare at the deposite time is prefarably higher than about 5.2
10°2N/m?2 (4.0 X 104 Torp). 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 sasily as the energy. Although the daposite
rate is in a range of 1 A/sec 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,

The acrylic resin used in this invention is nct limited specifically. Preferred examples of the acrylic resin are resins
high in transparency and excsllent in other optical properties, such as methyl methacrylate polymer, methyl methacr-
ylate-alkyl acrylate (C1 to C4) copolymer, methyl methacrylate-cyclohexyt methacrylate copolymer, mathyl methacr-
ylate-cyclohexyl methacrylate-bramhexyimethacrylatecopolymer, methacrylate-maleimide copolymer, methacrytate-
methacrylimide copolymer, methacrylate-styrene copolymer, etc., and mixture resin compositions of these resins and
synthetic transparent resins such as polycarbonale, etc.

The shape of the acrylic resin substrates is not limited specifically but preferred examples thereof are smooth
shapes such as a disc shape, a plate shape, etc, Any suitable method selected from general 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'
investigation tor the structure of an aluminum film formed on a substrate.

That s, it has been found from various researches that the problem on reflectivity and durability of the conventional
aluminum film coated matter is caused by the poor fineness and poor crystal arrangerent 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
film, 1he 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.

Accordingly, it has been found that an arrangement in which the aluminum fllm contains aluminum crystals oriented
preferentially in a direction effective for light reflection, has an effect on achieving both high reflectivity and high dura-
bility. 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 preferentiaily 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
erystals having a relation in which a crystal axis <111> perpendicular o 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 perpendictiarly to the aluminum film surface.

The aluminum film having such crystal orientation is also fine, so that penetration of watsr or the like can be
prevented and, accordingly, the aluminum film is excellent in durability.

The reason why the depth at which the oriented aluminum crystals exist is limited to a depth of not more than 800
A, Is as follows. That is, in the case where light enters at the substrate side, the aluminum layer contributing to light
reftection is in a depth range of not more than 600 A from the aluminum film surface which contacts with the substrate.
The aluminum layer more effectively contributing to light reflection is in a depth range of not more than 400 A. Accord-
ingly, if the oriented aluminum crystals do not exist in the atorementioned depth range, sutticient reflectivity cannot be
provided even it the oriented aluminum crystals are included.

In the aforementioned aluminum film, it is preferabla in view of improvement of reflectivity that a minimum value
in the percentage distribution of the mole ratio (Al-O/Al) of oxidized alminum (Al-O) in a direction of the dapth of the
aluminum film to total aluminum {Al), measured by using an X-ray photo-glectron spectroscopy, is not more than 30
%, more prefarably, in a range of 10 to 25 %. As described above, also in the tachnique of vacuum evaporation, a film
high in reflectivity can be provided by reducing the amount of oxidized alminum contained in the aluminum film. How-
ever, it 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 oxidation due to moisture absorption, corrosion and the like when the aluminum film Is left for
a long time. On the contrary, in the case of the aluminun film containing aluminum crystals preferentially oriented to
the {111) plans as in this invention, there is no problem of lowering of durability because the aluminum film is so fine
that there is little penstration 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 atluminum film of the aluminum 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, bacause the portion not contributing to light reflection increases as the film thickness
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increases. In the case whers the film thickness of the aluminum film is not more than 600 A, aluminum crystals having
the alorementioned crystal arientation can be arranged at an arbilrary depth in the aluminum film. Of course, aluminum
crystals can be arranged in the whole area in the aluminum film.

Further, it has been found from various researches that increasing of the kinelic energy of aluminum particles
accumulated on the substrate has an effect on forming the aforementioned aluminum film on the substrate particularly
at a low substrate tempaerature which is nearly equal to room temperature.

Examples of the method for increasing the kinstic energy of aluminum particles deposited on the substrate include
an ion beam sputtering tachnique, an evaporation technique using ion beam radiation, an ion beam depositing tech-
nique, 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 singly or in combination, The method
used for forming the aluminum film coated mattar according to this invention s not limited to spacific one of the afore-
mentioned techniques but the preferred example thereof is the ion beam spuitering technique by which the surface of
the substrate made of a synthetic resin is free from damage due to plasma and heat.

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

Fig. 2 is a graph showing an exampls of the measurement result of the thickness-reflectivity characteristic of an
aluminum film;

Fig. 3 is a schematic view showing an examp!e of a plasma sputtering apparatus for carrying out an aluminum film_
forming process according to the present invention;

Fig. 4 is a schematic view shawing ancther exampla of a plasma sputtering apparatus for carrying outan aluminum
[ilm forming process according to the present invention;

Fig. 5 is a sectional view schematically showing an example of an alummum film coated matter according to the
present invention;

Fig. 6 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 100 A;

Fig. 7 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 2004;

Fig. 8 is a schematic graph showing an example of the resuit 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 300 A;

Fig. 9 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 400 A;

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 (111) plans;

Fig. 12 is a graph showing the relation between the diffraction X-ray spectrum intensiy in the {111) plane and the
reflectivity of an aluminum film;

Fig. 13 is a schematic graph showing an example of the resulit 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 resuit 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 fofmed by
the conventional vacuum evaporation technique;

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

Fig. 17 is an upper view showing another example of a conventional vaculm evaporation apparatus;

Fig. 18 is a side view of the apparatus depicted in Fig. 17; and

Fig. 19 is a schematic view showing an example of a conventional plasma sputtering apparatus,

Fig. 1 is a schematic view showing an example of an ion 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 8a for an optical
disc gnd g target holder 32 for holding an aluminum target 28a opposite to the acrylic resin substrate 6a are provided
Jdn a vacuum vessel 2, Further, an ion sourcs 34 is attached to the wall of the vacuum vessel 2 so as to be directed
toward the aluminum target 28a on the targat holder 32. The ion source 34 radiates an inert gas ion beam 36 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 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 svacuated to 2.6 10-3 N/'m2 (2.0 X 10°5 Torr). The inert gas ion beam
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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 delails of the result will
be col!et}:ively shown in Table 1, reflectivity of 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
an adhesive plane of a transparent adhesive tape was sufficiently pressed to a surface of the aluminum film and then
rapidly vertically peeled from the surtace. As a result, separation 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 A; and separation of the aluminum film was not observed when the film thickness was less than 400 A,

These results, together with results of conventional comparative examples are collectively shown in Table 1.

Table 1
Deposite technique | Film thickness | Reflectivity | Adhesion | Total estimation | Remarks

Vacuum evaporation 600 A 70% A A Conventional example
The same as above 300 A 58% A X Conventional example
Plasma sputtering 500 A 70% X X Conventional example
lon beam sputtering 50A 68% o] A This invention

The same as above 100 A 70% 0 0 This invention

The same as above 300 A 76% o o This invention

The same as above 400 A 78% A A This invention

The same as above 500 A 78% X X Out of this invention

In this Table, O represents "Excellent”, A represents “Practicable® more or less inferior to *Excellent”, and X rep-
resents “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 process of the present invention, reflectivity of not less 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 evaporation. 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 &n 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 ratic) 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 atorementioned embodiment, in the practical depostte process, film forming may be applied to a plurality
of acrylic resin substrates at once. Furthey, in this cass, the respactive acrylic resin substrates may be rotated to make
aluminum thin films even.

Examples of plasma sputtering apparatus having means of preventing diffusion of plasma to surfaces of acrylic
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 largets 28
are arranged in a vacuum vessel 2 5o as 1o be opposite to each other. Magnets 40 different in polarity are arranged in
the back of the metal targets 28, respectively. Tha referance numeral 42 designates holders. A plurality of synthetic
resin substrates 6 mounted on the holders 4 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 targets 28, respec-
tively. The reference numeral 44 designates electrical insulating substances.
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In this apparalus, high-densily inert gas plasma 30a is generated between the two metal largets 28 by an electric
field formed between the anodes 46 and the metal targets 28 and a magnetic fieid (the reference numeral 48 designates
magnetic force lines as a typical example) formed between the opposite metal targets 28, when an inert gas is intro-
duced in the vacuum vesssl 2 to form moderate prassure and at the sama lime a voltage is applied between the anodes
46 and the metal targets 28. Furthermore, not only the inert gas plasma 30a is enclosed in a space by the magnetic
field formed between the opposite metal targets 28 but accelaration electrons trying to go out of the inert gas plasma
L 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 acrylic resin substrates 6 by the plasma and the acceleration electrons can be pre-
vented.

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-fike electrostatic shield 54 of not lower in etectric potential than the holders
4 is arranged so that the neighborhood of the surfaces of the acrylic resin substrates 6 mounted on the holders 4 can
be covered at the least. A

When the aforementioned electrostatic shisld 54 is used, inert gas plasma 30a is generated between the electro-
static shield 54 and the sputtering source 24 and at the same t-ime there is no electric field generated between the
electrostatic shield 54 and the holders 4 o, if there is any electric field, the electric field serves 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 acrylic resin substrates 6. Further, acceleration electrons
from the inert gas plasma 30a cannot flow in the slectrostatic shield 54, so that the acceleration slectrons cannot reach
the resin substrates 8. Accordingly, damage given to the surfaces of the acrylic resin substrates 6 by the plasma and
the accelaration electrons can be prevented.

The excellent characteristic of aluminum films formed on surfaces of acrylic resin substrates by the aforementioned
| processes accordingto the present invention can be widely used for other purposes than the purpose for optical discs.
For example, the metal films can be used as metal reflection films in miscellaneous decoration goods, optical parts, etc.

As described above, according to the present invention, aluminum films high in reflectivity and excellent in adhesion
to acrylic resin substrates can be formed even in the case where the aluminum 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 like can be attained. Further, the processes according
to the present invention technically belongs to the category of sputtering, so that, unlike the vacuum avaporation tech-
nique, the film forming processes can be continued before the initiaily arranged aluminum target is worn out. Accord-
ingly, metal filmscan be formed efficiently, so that improvement in producing sfficiency can be also attained in this sense.

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

As shown in Fig. 5, an aluminum film 66 of an aluminum film coated object 62 contains aluminum crystals at a
portion in the film at a depth D of not more than 400 A from a film surface 65 thereof which contacts with a substrate
84, the aluminum cryslals having a relation in which a crystal axis <111> is parallel to the film surface 65.

Also, according to the present invention, the aluminum film 66 contains aluminum crystals at a portion in the film
| ata depth D of not more than 400 A from the film surtace 65 thereof which contacts with the substrate 84, 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: Ka ray, -
measurement X-ray output: voltage 40 KeV, current 30 mA,

longitudinal divergence limiting Soflar's slit: horizontal type,

incident height limiting slit: 5§ mm, -

incident siit: 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: 8/20 method.

Examples of the aluminum film coated object will be described.
EXAMPLE 1
Using the ion beam spultering apparatus as shown in Fig. 1, film torming was made as {ollows. That is, after an

acrylic rasin substrate 6a having a diameter of 300 mm as an example of the substrate 64 made of a synthetic resin
(ses Fig. 5) was mounted to a holder 4 and a high-purity aluminum target 28a was mounted to a target hoider 32, the
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yacuum vessel 2 was evacuated to 2.6 10-5N/m?2 (2.0 X107 Torr). An inert gas ion beam 36 was drawn out from the
jon source 34 in the following condition and radiatad toward a surface of the aluminum target 28a, so that aluminum
particles 38 sputtered out of the aluminum target 28a werse deposited on a surface of the acrylic resin substrate 63,
thus {o form an aluminum film on the acrylic resin substrate 6a, The thickness of the aluminum film was adjusted by
the deposite time.

lon Type: argon
lon Beam Energy: 1500 eV
Beam Current: 300 mA

Aluminum films respectively having film thicknesses of 100 A, 200 A, 300 A, 400 A and 500 A were formed on
acrylic resin substrates 6a in the same manner as described above by the ion beam sputtering technique and then
subjected to X-ray diffraction analysis. The results of the analysis are shown in Figs. 8 through 10. As shown in Figs.
7 through 10, the clear crystal orientation of aluminum in the {111) plane was confirmed when the film thickness was
not less than 200 A. it was tound from this tact that the aluminum fiim formed by the aforementioned technique, espe-
cially, the aluminum film having a thickness of not less than 200 A, is a film high in the surtace 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 dif-
fraction and the condition for measurement of the rocking curve.

X-ray Diffraction Condition

Measuring Apparatus: X-ray diffraction apparatus RAD-28 made by RIGAKU Co,, Ltd.

Target: Cu

X-ray Type: Ko ray .

Measurement X-ray Output; voitage 40 KeV, current 30 mA

Longitudinal Divergence Limiting Sollar's Slit: horizontal type

Incident Height Limiting Sfit: 5 mm

Incident Sfit: 0.4 mm

Light-receiving Sollar's Slit: vertical type

Width Limiting Slit: 5 mm

Goniometer Radius: 185 mm

Diffraction X-ray Monochromator: graphite horizontal plate

Measuring Rate: 2 degrees per minute

Measuring Width: 0.02 degrees

Diffraction Method: 6/28 method (the measuring method in which the Bragg's condition (2dsin6=n) is satisfied
when the X-ray incident angle and the X-ray scattering angle are respectively designated by 8 and 26)
Number of Times of Accumulation: 10 times {note 1)

{Note 1) The reason why the number of times of accumulation is selected to be plural is for the purpose of reducirig
noise through calculation of the average valus, -

BRocking Curve Measurement Condition

-

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

Goniometler Radius; 185 mm

Diffraction X-ray Monochromator: graphite horizontal plate
Measuring Rate: 2 degrees per minute

Measuring Width; 0.02 degrees



|REPLACEMENT SHEET;

Diftraction Method: 28 fixed {note 2)
Number of Times of Accumulation: once

{Note 2) The angle of 28 was fixed to a position of aluminum polycrystal data according to JCPOS (Joint Committae
of Powder Diffraction Standard}.

EXAMPLE 2

The relation between fitm thickness and reflectivity of an aluminum film formed by the ion beam sputtering technique
in the same manner as in Example 1 was measured. The result of the measurement is shown in Fig. 11. It is apparent
from the drawing that the increase of the reflectivily is observed as the film thickness increases to 600 A and that the
reflectivity bacomes 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 surfacs 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 film 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 subjectsd to the measurement of the reflectivity thereof. In
this case, the ratio of oxidized aiminum 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 resuits obtained, the relation between
the diffraction X-ray spectrum intensity in the (111) plane and the reflectivity is shown in Fig. 12. It is apparent from the

drawing that the reflectivity decreases as the diffraction X-ray spectrum intensity in the (111} plane decreases. The X-*

ray diffraction 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 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 83 % and the
S/N ratio of 46 dB.

Further, a video disc was produced by using 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 was not observed at all sven 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
by the vacuum evaporation technique and the plasma sputtering technique (magnetron sputtsring 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 X-ray diffraction condition when the diffraction angle 28 was in
a range of 20 degrees to 80 degrees. It is apparent from the result that the aluminum films formed by the conventional
technigues have a non-oriented crystal structure.

X-ray Diffraction Condition

Measuring Apparatus: X-ray diffraction apparatus RAD-2B made by RIGAKU Co., Lid.
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
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Measuring Rate: 2 dagrees per minute
Measuring Width: 0.02 degrees
Diffraction Method: 6/28 method
Numbaer of Times of Accumulation: once

COMPARATIVE EXAMPLES 3 AND 4

The relation between the thickness and the reflactivity of aluminum films respectively formed by the vacuum evap-
oration technique under the condition that the degree of vacuum is 2,6 X 102 N/m? (2 X 104 Torr){Comparative
Example 3) and under the condition that the degree of vacuum is 1,3 X 102 N/m2 (1 X 105 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 reffectivity
becomes higher when the degres 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
thae ratio of oxidized alminum s reduced,

EXAMPLE 5

The oxygen content {in the morse 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 whils 30 times - 50 times
fepeating argon ion beam etching {condition: ion beam energy 2 KeV, beam current 20 mA, the degree of vacuum 4.9
104N/m?2 (3.8 X 105 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 photoelectron spectrometer ESCA-750 made
by Shimadzu Seisakusho Ltd. '

X-ray Photoelectron Spectroscopy Measurement Condition

Measurement Element; AI2P1 o Alzpa(z, C-;s, Ois
Mseasurement X-ray Cutput; 8 KeV, 30 mA

Target: Mg

X-ray Type: Ko ray

Measurement Pressure:9.75 108 N/m2 (7.5 X 108 Torr)
Measurement Range: 68 - 82 eV, 278 - 295 eV, 526 - 540 eV
Measuring Width: .1 eV

Measuring Time: 200 msec per step

Number of Times of Accumulation; twice

In most cases, the thus obtained Alypyn and Alypy, spectra of the respective layers exhibit a mixture-state of
oxidized alminum (Al-O) and metal aluminum (Al). Therefore, after the respective spectra wera separated into an
oxidized alminum peak and a metal aluminum peak, the area ratio (that is, mole ratio AO/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 normaily a concave curve having high values at both surfaces of the film and
tow 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 Comparative Examples 3 and 4 were 35 % and 20 %, respectively. According to the present invention,

the minimum value for the mole ratio Al-O/Al is less than 30% throughout the AL-film.

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
reftectivily in each of the aluminum films is the same as shown in Figs. 11 and 15. The durability in sach of the aluminum
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video disc having an aluminum fiim lormed in the same condition as In each example alter pulting the video disc Inlo
a constant-temperature constant-humidity lank of 60°C and 60%.

Table 3
Crystal Filmthicknass Reflactivily Al-O- Durability Totat
property (A) (%) distribution estimation
minimum (%)
Example 2 (111) 300 8§ 15 Good Good
(111) - 600 89 15 Good Good
Comparative | Not oriented 300 68 36 Good Bad
eample 3 1" \ot orfented 600 72 35 Good Bad
Comparative Not oriented 300 78 20 Bad Bad
example 4 1" Not oriented 600 82 20 Bad Bad

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 oxidized alminum content thereof is large. On the contrary, the aluminum film in Comparative Example 4
is considerably high in reflactivity but poor in durabillity, because the axidized alminum content thereof is smail,

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 memorias (CO-ROM], write once (WO) discs, and
rewritable (RW) discs, but it is adapted to goods particularly requiring high reflectivity and durability, such as optical
parts, miscellansous decoration goods, etc.

As described above, the aluminum film coated matter according to this invention contains aluminum crystals ori-
ented as dascribed 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
improvemaent both in reflectivity and in SMN ratio can be attained but improvement in durability can be attained.

Claims

1. A process for forming an aluminum film on the surface of én acrylic substrate, comprising the steps of:
evacuating a vacuurm vesse! containing said acrylic resin substrate and an aluminum target; and
sputtering said aluminum target by an inert gas ion beamin a vacuum atmosphere so that said aluminum film
is formed on the surface of said acrylic resin substrate having a thickness of 50 to 400 A and its (111) plans

paraliel to the surface of said substrate.

2. A process for forming a metal film as claimed in claim 1, wherein said acrylic resin substrate is a moldlng to be
used for an optical madium. )

3. An aluminum film coated object comprising:
a substrate made of an acrylic, optical transparent resin; and

‘ an aluminum film coated on a surface of said substrate, said atuminum film having a thickness of 50 to 400 A
* and its (111) plane parallel to the surface of said substrate.

4. An aluminum film coated object as claimed In claim 3, wherein the mole ratio {AFO/A1) of oxidized aluminum (Al-'
O} to the total aluminum (Al), measured by using an X-ray photoelectron spectroscopy has a minimum value o!
less than 30% throughout said aluminum film.,

5. An aruminum film coated object as claimed In claim 3 or 4, whersin sa!d aluminum film coated oblect ls an optlcal.
lntormatfon record!ng medlum.
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'video disc having an aluminum film formed in tha same condition as in sach example alter putting the video disc Into
a constant-tamperature constant-humidity tank of 60*C and 60%.

Table 3
Crystal Filmthickness | Reflectivity Al-O- Durabilily Total
property A (%) dislribution estimation
minimum (%)
Example 2 (111) 300 85 15 Good Good
(111) 600 89 15 Good Good
Comparative Not oriented 300 68 35 Good Bad
exampie 3 "Nt oriented 600 72 35 Good Bad
Comparative Not oriented 300 78 20 Bad Bad
example 4 I"Not oriented 600 82 20 Bad Bad

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 Exarmple 3 is good in durability but low in reflectivity, .
because the oxidized alminum content thereof is large. On the contrary, the aluminum film in Comparative Example 4
is considerably high in reflectivity 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 lo 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 durability, such as optical
parts, miscellanecus decoration goods, efc.

As described abovs, the aluminum film coated matter according to this invention contains aluminum crystals ori-
ented 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/ ratioc can be attained but improvement in durabiiity can be attained.

Cialms

1. Aprocess for forming an aluminum film on the surface of an acrylic substrate, comprising the steps of:
evacuating a vacuum vessel containing said acrylic resin substrate and an aluminum target; and
sputtering said aluminum target by an inert gas ion beamina vacuum atmosphere so that said aluminum film
is formed on the surface of said acrylic resin substrate having a thickness of 50 to 400 A and its (111) plane
parallel to t}}e surface of said substrate. :

2. A process for forming a metal film as claimed in claim 1, wherein said acrylic resin substrate is a moiding to be
used for an optical medium, '

3. An aluminum film coated object comprising:
a substrate made of an acrylic, optical transparent resin; and

‘ an aluminum film coated on a surface of said substrate, said aluminum film having a thickness of 50 lo 400 A
and its (111) plane paralle! to the surface of said substrate.

4. An aluminum film coaled object as claimed in claim 3, wherein the mole ratio (AI-O/A1) of oxidized aluminum (AI-‘
O) to tha total aluminum (Al), measured by using an X-ray photoelactron spectroscopy has a minimum value o!
less than 30% throughout said aluminum film.

5. An aluminum fiim coated object as claimed In claim 3 or 4, wherain sald aluminum film coated objec( is an optlcal.
lnrormatlon recordlng medium,
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_was estimatad on the basis of detarioration of raproduced imagaes by applying an accelaration dalerloration lest to a
"video disc having an aluminum film farmed in the samae condition as in each gxampla aftaer putting the video disc into
a constant-tamperature constant-humidity tank of 60*C and 60%.

Table 3
Crystat Filmthicknass Reflactivity Al-C- Durahility Total
property A (%) distribution astimation
minimum (%}
Example 2 (111} 306 8s 15 Geod Good
{111} 600 89 18 Good Good
Comparative Not oriented 300 68 35 Good Bad
exampla 3 7 not ariented 600 72 35 Good Bad
Comparative Not oriented 300 78 20 Bad Bad
example 4 [ not oriented 500 82 20 Bad Bad

As is qbvious from this Table, the aluminum film in Exampla 2 exhibits high raflectivity and good durability in either
fitm thickness. On the other hand, the aluminum film in Comparative Example 3 is good in durability but low in reflactivity,
because the oxidized alminum content thereof is large. On the contrary, the aluminum film in Comparativa Example 4
is considerably high in reflectivity but pcor in durability, because the oxidized alminum content therec! is small,

Not enly the aluminum film coated mattar according 1o this invention is adapted to optical information racording
media such as video discs, compact discs, compact disc read enly memacries {CO-ROM), write once (WOQ) discs, and
rawritable (RW) discs, but it is adapted to goods particularly requiring high reflectivity and durability, such as optical
parts, miscailanacus dacaration goods, ate.

As described above, the aluminum film coated matter according to this invention centains aluminum crystals ori-

ented as described above in the film, so that the film is high in light raflectivity and excellent in durability. Accordingly, N

when, for exampls, the aluminum film coated matter is used as an optical informaticn recording medium, not only
improvement doth In reflectivity and in S/N ratio can be attained but improvement in durability can be attained.
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Claims
1. A procsss for forming an afuminum film on the surface of an acrylic substrate, comprising the staps of:
svacuating a vacuum vessel containing said acrylic rasin substrate and an aluminum target; and

sputtaring said aluminum target by an inert gas ion beamina vacuum atmosphere so that said aluminum Gim
is formed on the surfacs of said acrylic resin substrate havmg a thickness of 50 to 400 A and its {111) plane
parallel to the surface of said substrate.

2. A procass for forming a metal film as claimed in claim 1, wherein said acrylic resin substrate is a malding to be
used for an optical medium. )

3. An aluminum film coated object comprising:
a substrata made of an acrylic, optical transparent resin; and

- an aluminum film coated on a surfaca of said substrate, said aluminum (iim having a thickness of 50 to 400 A
and lIts (111) plane paralls! to the surface of said substrate

"4, An aluminum film coated object as claimad in claim 3, wherein the mola ratic (AI-O/A1) of oxidized aluminum ‘(Alf
O} to the total aluminum (Al), measursd by using an X-ray photoelactron spectroscopy has a minlmum vaiua of
less than 30% throughout said aluminum film,

8. An aluminum film coated object as claimad In claim 3 or 4, whersin said aluminum film coaled abject Is an opticai
Information recording medium,
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PROCESS FOR FORMING METAL FILM, AND ALUMINUM FILM COATED
MATTER

ABSTRACT OF THE DISCLOSURE

A metal film high in reflectivity and excellent
in adhesion to a synthetic resin substrate even in the case
where the metal film is sufficiently thin, is formed on a
surface of the substrate by sputtering a métal target
through an inert gas ion beam drawn out of an ion source
in a vac;‘uum vessel‘.- An aluminum £ilm coated matter formed
by coating a surface of a synthetic resin substrate with an
aluminum f_ilm', is characterized in that the' aluminum film .
contains aluminum crystals at a portion in the film at a
depth of not more than 600 A from a film surface thereof

which contacts with the substrate. The aluminum crystals

FIGURE 1
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PROCESS FOR FORMING METAL FILM, AND ALUMINUM FILM COATED
MATTER

ABSTRACT OF THE DISCLOSURE

A metal film high in reflectivity and excellent
in adhesion to a synthetic resin substrate even in the case
where the metal film is sufficiently thin, is formed on a
surface of the substrate by sputtering a métal target
through an inert gas ion beam drawn out of an ion source
in a vaéuum v'essel'.7 An aluminum £ilm coated matter formed
by coating a su-rface. of a 'synthetic resin substrate with an
aluminum film, is characterized in that the aluminum £ilm .
contains aluminum crystals at a portion in the film at a
depth of not more than 600 A from a film surface thereof

which contacts with the substrate.’

FIGURE 1
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