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| nvention: The present invention relates to an optical recdﬂﬁﬁ%b;&ﬁdi
Descri.ption of the Related Art: FIG 1 is a cross-sectional view show a
conpacét di sk which is a conventional optical recording nedium e.g., a
read-only nmenory (ROM) type optical disk. 'The optical disk has a
transparent substrate 1 fornmed of,- for gxanple, a polycarbonate
(hereinafter referred to as PC) as a coﬁparatively thick glass or plastic
having a thickness of 1.2 nm On one surface of the substrate 1, a minute
uneven portion 2 such as a phase recording pit corresponding to, for
exanpl e, data information, a tPATKCAY RECQRRING MBDIUY |i ke is fornmed by

i njection nolding, for exanple. A reflective film3 nmade of nmetal such as
A, for exanple, is deposited on the m nute uneven portion 2 by vacuum

ti ttering. T al. Lt ' | I is f d.
A protective 1ima genoral |yPraree gt Sl A, ePERREEN Ry Thei n as a 11 ght

curing resi B;R3%i B9 anbhigkagssonf . for exanple, 0.01 nm which

The present invention relates to an optical
recording medium.
Description of the Related Art:

FIG. 1 is a cross-sectional view showing a compact
disk which is a conventional optical recording medium, e.g., a
read-only memory (ROM) type optical disk. 'The optical disk

.. has a transparent substrate 1 formed of, for example, a

polycarbonate (hereinafter referred to as PC) as a
comparatively thick glass or plastic having a thickness of 1.2
mm. On one surface of the substrate 1, a minute uneven
portion 2 such as a phase recording pit corresponding to, for
example, data information, a tracking pregroove or the like is
formed by injection molding, for example. A reflective film 3
made of metal such as Al, for example, is deposited on the
minute uneven portion 2 by vacuum evaporation or sputtering.
Thus, an information recording‘layer is formed. A protective
film 4 generally formed of ultraviolet curing resin as a light
curing resin having a thicknesg of, for example, 0.01 mm which
is considerably thin as compared with the substrate 1 is
deposited on the reflective film 3 of the information
recording layer.

The optical disk having such arrangement has the
substrate 1 which is a light transparent layer. Specifically,

when information is optically read from the information

e, P



I's considerably thin as conpared with the substrate 1 is deposited on the
reflective film3 of the information recording |ayer. The optical disk
havi ng such arrangenent has the substrate 1 which is a light transparent

| ayer. Specifically, when information is optically read fromthe

I nformation . : 2 recording |layer of the optical disk, rays of
light, i.e., rays of laser light L are32rradiated fromthe side of the
transparent substrate 1 having large thickness on the information recording
| ayer to read the information by utilizing optical interference generated
by the m npteoudengnlppetioh thd Rertdefal Biek,eaagn bor Lighrd] ny. ¢ he rays

i nformation by irradiating rays of light fromthe thick substrate 1 side as
descri bed aboveserebight theaenisinhsdiatioon fidem theAidher® thedust, scratch
or the like on the disk surface, the Iarg.r a dlst nce between the

i nf or mat i oR*PBEBRIFAY FRpRTalRl b Maring: darge thickness on'the

information recording layer to read the information by
utilizing optical interference generated by the minute uneven
portion 2 thereof.

The reason for reading the information by
irradiating rays of light from the thick substrate 1 side as
described above lies in the consideration that when there is
dust, scratch or the like on the disk surface, the larger a
distance between the information recording layer and a surface
on which a reading light is incident to a certain extent, the
smaller the influencé of the dust, scratch or the like on the
irradiated rays of light, i.e.; the influence of noise of a
signal becomes. However, since an amount of coma of a reading
signal produced by inclination of the optical disk, i.e., so-
called skew is in proportion to thickness of a light
transmitting layer in this case, the above-described
irradiation of rays of laser light from the side of the
comparatively thick and transparent substrate 1 leads to a
large amount of coma.

It is possible to exclude noises resulting from the
dust, scratch or the like on the surface of the optical
recording medium such as the above-mentioned optical disk or
the like by a signal processing. Accordingly, as shown in
FIG. 2, when the protective film 4 is formed as a transparent
film and the rays of light, i.e., laser light are irradiated

from the side of the thin protective film (transparent film) ¢



on which a reading light is incident to a certain extent, the smaller the

I nfl uence of the dust, scratch or the like on the irradiated rays of |ight,
i.e., the influence of noise of a signal beconmes. However, since an anount
of coma of a reading signal produced by inclination of the optical disk,
I.e., so- called skewis in proportion to thickness of a light transmtting
| ayer in this case, the above-described irradiation of rays of |aser |ight
fromthe side of the conparatively thick and transparent substrate | |eads
to a large amobunt of coma. It is possible to exclude noises resulting from

the dust, serabgd Ohttherdined 0 Mens thkaaSnltel BRePOE | 5@t FHF Y disNg

medi um such as the above-nentioned optical disk or the |I'ike by a signal
processi ngisApoesfiibhgl yo wsdwhoWwhe Ryehle®at2onWbEncohe. prrddcdt g fdd m 4 is
formed as a transparent filmand the rays of light, i.e., laser light are
i rradi at edtheopriaeleade ot & hided wkemorecyineand| alge remspagtent film 4
3 to read gggogggggngégéqufon1the m nut e uneven portion 2, it

Even if in the optical recording medium such as the
above-mentioned optical disk or the like the rays of light are
irradiated from the side of the thin protective film 4 to read
or record information from or on the optical disk with the
noises resulting from the dust, scratch or the like being
removed, then practical improvement with respect to the noise
is not sufficient.

The inventor of this application found that one of
main causes for producing the noises lay in the reflective
film: Specifically, as shown in FIG. 3 which is a schematic
diagram of the reflective film 3, the reflective film 3 is
formed by vacuum evaporation, sputtering or the like on the
minute uneven portion 2 formed by injection molding or the
like as described above. The reflective film 3 has on a
substrate 1 side a surface which, when the minute unewven
portion 2 is seen from the substrate 1 side, is comparatively
satisfactory in view of optics because of a condition of the
molded surface of the substrate 1. On the other hand, the
reflective film 3 has on the opposite side a surface which
becomes an irregular surface because Al particles, for
example, are irreqgularly accumulated thereon upon the process
of vacuum evaporation, sputtering thereof or the like.

Accordingly, when the information is read out from the

information recording layer by irradiating rays of light on



IS possible to reduce the generation of coma. Reduction of the coma | eads
to a wider skew margin and al so to higher recording density. Even if in the
optical recording nmediumsuch as the above-nentioned optical disk or the

li ke the rays of light are irradiated fromthe side of the thin protective
film4 to read or record information fromor on the optical disk with the
noi ses resulting fromthe dust, scratch or the |ike being renoved, then
practical inprovenment with respect to the noise is not sufficient. The

i nventor of this application found that one of main causes for producing

the noi sesth@yabdd hierreafd et iswaffdden tﬁa%ciifrh:@?bhar asrsdeunid mdd G 3
which is a schematic diagramof the reflective film3, the reflective film
3 i s fornesubfiveentuly efleporfain en waspltengrtihng rangtihg fréme €30 trive ta rautoe
uneven portion 2 formed by injection nolding or the |ike as described
above. Thenméf¢%c¥h%el#9h?n¥¥qﬁ%%%ﬁ?¢1Qhﬂ@?@@ate §-si desembepriduztoshi ch,
when t he nénute seen fromthe substrate 1 side, is
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has on the opposi a surface
to 100 nm, which largely influences the shape of the minute

uneven portion 2 having a depth of about 100 nm. The Al
evaporated film is formed of accumulated Al particles which
are transferred thereto with a low energy in the order of 107}
eV, and hence has an unsatisfactory orientation of the Al
particles and provides the scattering of a large amount of
light on the film surface, which leads to generation of a
considerable noise.

SUMMARY OF THE INVENTION

It is an object of the present invention to
optically read recorded information from an optical recording
medium and record information thereon satisfactorily, i.e.,
with a low noise by irradiating rays of light on a surface,
where a protective film is deposited, of a reflective film,
i.e., from the side of a thin transparent film formed on the
reflective film,

An optical recording medium according to the present
invention.includes a substrate having a minute uneven portion
formed thereon, a reflective film formed by ion beam
sputtering on the minute uneven portion of the substrate, and
a transparent film deposited on the reflecﬁive film. An

information recording layer is formed of the minute uneven

portion and the reflective film.



becomes an irregular surface because Al particles, for exanple, are
irregul arly accunul ated thereon upon the process of vacuum evaporati on,
sputtering thereof or the like. Accordingly, when the information is read
out- fromthe information recording |ayer by irradiating rays of light on

4 the above irregular surface, this irregular surface i.s not sufficiently
flat for a wavelength (ranging from 630snmto 800 nm of the Iight
irradiated thereon, e.g., a semconductor laser light L. In particular, an
Al evaporated filmformed by vacuum evaporation has an Al particle size

ranging from 50 nm t 0oaAd&8rdifg WY Ghd Fre@ent LI HARESS, thenshapg of the

m nut e uneven portion 2 having a depth of about 100 nm The Al evapor at ed
filmis foropdiafl acoemdiagetediupahhbctre vbf Ddcwle tliarsfrerned bheisho
with a low energy in the order of 10[err] eV, and hence has an
unsatlsfactQﬁ%mcﬁH%ﬁﬂ%HHn@n &ﬁetﬁéfAPCEavﬁlﬁihm karl proovifaes whehseatt ering
of a large a ht on the filmsurface, which | eads to generation

of a con5|d%§%§ﬂi?Qﬁngﬁ? erty in view of optics, e.g., a satisfactorily

dense state of particles. Therefore, when information is read
out from or recorded on the above minute uneven portion by
irradiating rays of light on the optical recording'medium from
the side of the reflection film surface, i.e., from the
transparent film side, it is possible to effectively prevent
the noise from being generated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic, cross-sectional view showing
a optical recording medium;

FIG. 2 is a schematic, cross-sectional view sho&ing
the optical recording medium, used to explain irradiation of
rays of light thereon from a protective film side;

FIG. 3 is a schematic, cross-sectional view showing
a reflective film of the optical recording medium;

FIG. 4 is a schematic, cross-sectional view showing
an embodiment of an optical recording medium according to the
present invention;

FIG. 5A, 5B and 5C are diagrams showing a process of
manufacturing the optical recording medium according to the
present invention;

FIG. 6 is a diagram showing an arrangement of a
reflective~-film forming apparatus which is applied to
fabrication of the optical recording medium according to the

present invention;



SUMVARY OF THE INVENTION It is an object of the present invention to
optically read recorded information froman optical recordi ng nedi um and
record information thereon satisfactorily, i.e., with a |ow noise by
irradiating rays of light on a surface, where a protective filmis
deposited, of a reflective film i.e., fromthe side of a thin transparent
filmfornmed on the reflective film An®optical recording nmedi um accordi ng
to the present invention includes a -substrate having a m nute uneven
portion fornmed thereon, a reflective filmformed by ion beam sputtering on
the minute uneven porgi®@n Dfis ke sshemarate, cabds asésaNSRA 8ilew ighdwing
deposited on the reflective film An information recording |ayer is forned
of the m nat eefdersnvpofilonofinthe heptida kcteamrdiingmmedius According to t he
present invention, since the optical recording nmediumhas the reflective
film for nedhsy PreFepEarP¥potiering, the reflective filmhas a surface with

an . . . . .
FIG. 8 is a schematic, cross-sectional view showing

another embodiment of the optical recording medium according
to the present invention; )

FIG. 9 is a diagram showing a process of
manufacturing the optical reco;ding medium shown in FIG. 8
according to the present invention; and

FIG. 10 is a diagram showing a process of
manufacturing the optical recording medium shown in FIG. 8
according to the present invention.

DESCRIPTiON OF THE PREFERRED EMBODIMENTS

In this specification, definition of a woxd
"transparent" is to have a high light transmittance with
respect to A wavelength of light irradiated on an optical
recording medium for the recording or reproduction of
information.

An embodiment of the optical recording medium
according to the present invention will hereinafter be
described with reference to FIG. 4 which is a schematic,
cross-sectional view thereof. 1In this embodiment, the present
invention is applied mainly to a ROM type optical disk. It is
needless to say that the present invention is not limited to
its application to the above optical disk and its shape and
can be applied to a magnetooptical disk, a phase change disk,
and other various optical recording media having a card-like

shape, a sheet-like shape or the like and an information



excel l ent property in view of optics, e.g., a satisfactorily dense state of
particles. Therefore, when information is read out fromor recorded on the
above m nute uneven portion by irradiating rays of light on the optical
recording mediumfromthe side of the reflection filmsurface, i.e., from
the transparent filmside, it is possible to effectively prevent the noise
from bei ng generated. BRI EF DESCRI PTI@ OF THE DRAWNGS FIG 1 is a
schematic, cross-sectional view showi ng a optical recording nmedium FIG 2
is a schematic, cross-sectional view show ng the optical recording nmedium

used to exgég%gdgﬁéiﬁ%%% IQ{;:E'&I & M58k %gt}%nt hggggﬁ%f'rom a protective film

side; FIG cross-sectional view showi ng a reflective film

of the optical recorgiggd gedhdnt EAG wiols & SNIURLIcRL ¢eessasggti onal
vi ew showi ng an enbodi nent of an optical recording nmedi umaccording to the

present i nmeaitanloFécosdindBantheresend agransishpwe ng. A 4 epASTaf
manuf acturing the optical recording nediumaccording to the present

i nvention; dEsk. 6Insthisli cageamas wiutge aneyenapgetdan dfswech as data
information pits, a tracking groove or the like is formed on
one main surface of a disk-like substrate 1 which may not be
transparent. An Al reflective film 13 is formed particularly
by ion beam sputtering on the minute uneven portion 2. Thus,
an information recording layer 15 formed of the minute uneven
portion 2 and the reflective film 13 is arranged. A thin
transparent film 14 as a protective film having a thickness of
0.1 mm is deposited on the information recording layer 15.

The recorded information is read out from the minute
uneven portion 2 of the information recording layer 15 by
irradiating rays of light, i.e., rays of semiconductor laser
light L on the transparent film 14 side of the optical
recording medium, i.e., the optical disk 10.

A method of manufacturing the optical disk 10 éill
be described, by way of example, with reference to FIGS. 5A to
5C which are diagrams showing its process. In this case, as
shown in FIG. 5A, initially, the substrate 1 having a
thickness of 1.2 mm with the minute uneven portion 2 is formed
on PC by injection molding, for example.

As shown in FIG. 5B, the reflective film 13 having a
thickness of 60 nm, for example, is formed on the surface of
the minute unéven portion 2 by ion beam sputtering employing
Al as a target material.

As shown in FIG. 5C, the transparent film 14 as the



reflective-filmform ng apparatus which is applied to fabrication of the
optical recording nmediumaccording to the present invention; 6 FIG 7 is
a schematic, cross-sectional view showing a reflective filmof the optical
recordi ng medi um according to the present invention; FIG 8 is a schemati c,
cross-sectional view show ng anot her en‘godi ment of the optical recording
medi um according to the present invention; FIG 9 is a diagramshow ng a
process of manufacturing the optical recording nediumshowm in FIG 8
according to the @trae ent invention; and FIG 10 is_ ,a diagram show ng a

process oP*RERGFAEEUFING thEe BT Ted Ve dditdreg 1REGEEM Shbn' 1 i FI G 8
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have a hi ghel kghhsha2BRE1 p18PE€c ¥ Neilm 14 by coating, for example,
light curing resin, e.g., ultraviolet curing resin
(hereinafter referred to as UV curing resin) by spin coating
or the like to cure the resin by exposure of the entire
surface thereof, or to form the transparent protective film 14
by forming an optically transparent film of an amorphous
carbon or the like by sputtering or chemical vapor deposition
(CVD). Alternatively, it is possible to form the transparent
protective film 14 by jointing a PC film, glass substrate or
the like having a thickness of 0.1 mm.

The reflective film 13 is formed particularly by ion
beam sputtering employing Al as the target material, for
example, as described above. FIG. 6 is a schematic diagram of
an example of an arrangement of an ion beam sputtering
apparatus therefor. As shown in FIG. 6, the ion beam
sputtering apparatus has a vacuum container 51 in which an Al
target 52 is disposed and a substrate 50 is disposed so as to
be opposed thereto. The ion beam sputtering apparatus 51 has
a plasma generatipg chamber 54 which is seéarated by a mesh
electrode 53 from the vacuum container 51 where the Al target
52 and the substrate 50 are disposed and in which Ar plasma is
generated. Ar ions generated in the plasma generating chamber
54 are accelerated and impinged on the Al target 52, thereby
the Al particles being ejected from the Al target 52 and then
accumulated on the substrate 50.

In this case, a degree of vacuum in the vacuum container 51 is



respect to a wavelength of light irradiated on an optical recordi ng nmedi um
for the recording or reproduction of information. An enbodi nent of the
optical recording nmediumaccording to the present invention wll

herei nafter be described with reference to FIG 4 which is a schematic,
cross-sectional viewthereof. In this enbodinent, the present invention is
applied mainly to a ROMtype optical dPsk. It is needless to say that the
present invention is not limted to its application to the above opti cal
disk and its shape and can be applied to a magnetooptical disk, a phase

change di sk gng 0Lhgr  yar LBH?hePlt Iiﬁ?é grgf%zdlq%%oq%dllﬂtggxhg d A1 gtﬂé ke

shape, a shéet- I Tkd shape e an rmat recor
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recordi ng Ium accordi ng present invention;, e.g., an optical
di sk. I'n thicg/gage, andl BHéR LHEYESY POHd by A&uqande@ﬁ@ 1M oddeedd .on

pits, a trackjng groove or the like is fornmed on
The Ar ions are accelerated by an electric field and impinged
on the Al target 52 as an ion source with an enerxqgy
substantially ranging from 300 to 20000 eV. The Al target 52
may be a target made of pure Al or an Al target mixed with a
small amount of some elements such as Ti, Si or the like.

As shown in FIG. 7 which schematically shows an
accurmulated state of Al particles in the reflective film 13,
the reflective film 13 formed of the Al film by the above ion
beam sputtering is formed with a lattice plane (111) whose
orientation is in parallel to a surface, where Al is
deposited, of the minute uneven portion 2. Accordingly, the
reflective film 13 has a uniform film quality and a uniform
film thickness on each of an upper surface, a bottom surface
and side surfaces of the minute concave and convex porion 2,
The reflective film 13 has a surface on the side of the
protective film 14, the surface being flat and excellent in
view of optics at each portion of the minute uneven portion 2.

As shown in FIG. 4, the information is read out from
the information recording layer 15 by irradiating rays of
laser light L on the optical recording medium 10, e.g., the
optical disk 10 having such reflective film 13 formed on the
minute uneven portion 2 and the transparent protective film 14
deposited on the reflective film 13, from the side of the
transparent protective film 14 having a small thickness, i.e.,

from the side of the surface of the reflective film 13 on



one main surface of a disk-like substrate 1 which may not be transparent.
An "Al reflective film13 is formed particularly by ion beam sputtering on
the m nute uneven portion 2. Thus, .an information recording |ayer 15 forned
of .the m nute uneven portion 2 and the reflective film13 is arranged. A
thin transparent film 14 as a protective filmhaving a thickness of 0.1 nm
is deposited on the information recordibng | ayer 15. The recorded
information is read out fromthe m nute uneven portion 2 of the information
recording layer 15 by irradiating rays of light, i.e., rays of

sem conductor laser light L on the transparent film 14 side of the optical
recor di ng wreiditurhhe peotecitaveptidml 1di $K quositnniuxﬁgﬂbim&naﬂagtuntng t he
optical disk 10 will be described, by way exa with reference to

FI GS. 5A ti® SEamhitde %falcggpénﬁhghsﬁﬂ@cm%e g@%s@ that geysceée, as
shown in

W th the rHHile atﬁs;@e%#a?&a’éesnoe e ipfe %m%#‘%é‘ro%%#%iﬁ.%%%%oﬁ%i g, for
exanpl e. As shown ingFl ?g %éga A | 8651 ¥ "@‘13tﬂQV6§Q &, 1 hi ckness of
60 nm for exanple, |s or ned t e sur ace ‘of "thé m nuf® uneven portion 2
by ion bearesiriirRy int@iRMP10Y hBGiAY 8RedatPdfgémeret &ldrding to the

present invention has a surface with the above-described

optically excellent property although rays of light are

irradiated on the information recording layer 15 from the

protective film 14 side, a noise resulting from the reflective

film 13 is effectively prevented.

Since a distance between the information recording

layer 15 and a surface of the optical recording medium 10 on
~which rays of light, e.g., laser light are incident is set
smaller, it is possible to improve the above-mentioned coma
resulting from the skew, which leads to a higher recording
density and a lower noise.

While in this embodiment the minute uneven portion 2
and the substrate 1 are formed by injection molding, the
minute uneven portion 2 can be formed on the substrate 1 by
photopolymerization.

The present invention can also be applied to a
multilayer optical recording mediuﬁ having a plurality of
information recording layers laminated for a larger
information recording capacity. In this case, it is desirable
to employ a common optical head for the respective information
recording layers which allows the respective information

recording layers to be continuously recorded and/or

reproduced, by simplifying a drive apparatus for the



As shown in FIG 5C, the transparent film14 as the 8 protective film
for protecting the reflective film13 is deposited on the reflective film
13. It is possible to formthe transparent protective film 14 by coating,
for..exanple, light curing resin, e.g., ultraviolet curing resin
(hereinafter referred to as UV curing resin) by spin coating or the like to
cure the resin by exposure of the entité surface thereof, or to formthe
transparent protective film1l4 by form ng an optically transparent film of
an anor phous carbon or the like by sputtering or chem cal vapor deposition
(CvD). Alternatively, it is possible to formthe transparent protective
film 14 bymuwititaRgracp€ial re@dasing uksiingt.e or the |ike having a

t hickness of 0.1 nm The reflective film13 is forned particularly by ion
beam sputtering enpl GhiengprAiseas fiheenbigetcamtlee i appl feak texdimel e, as
descri bed abgve. FIG 6 is a schenatic diagramof an exanple of an
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6, the Iont%? g‘irradiated on the respective information recording

layers from the same side.

FIé. 8 is a schematic, cross-sectional view showing
a bilayer optical recording medium 10 to which the present
invention is applied. 1In this case, the bilayer optical
recording medium 10 has firét and second information recording
layers 151, .152 respectively having first and second minute
uneven portions 21, 22 such as data information pits, tracking
grooves or the like, the first and second information
recording layers 151, 152 being laminated.

A method of manufacturing the bilayer optical
recording medium 10 will be described by way of example. In
this case, as shown in FIG. 9, first and second substrate 1A,
1B respectively having the first and second minute uneven
portions 21, .22 formed on their one main surfaces are
manufactured by the injection.molding or photopolymerization
described above. In this case, at least the second substrate
1B is formed as a transparent substrate.

A reflective film 13 formed of an Al film, for
example, having a thickness of 60 nm, for example, is formed
by the above-mentioned ion beam sputtering on the main surface
of the substrate 1A having the first minute uneven portion 21.
Thus, the first information recording layer 151 is formed.

A semitransparent film 23 made of SiN having a

thickness of 60 nm or Si having a thickness ranging from 10 to



sputtering apparatus has a vacuum container 51 in which an Al target 52 is
di sposed and a substrate 50 is disposed so as to be opposed thereto. The
i on beam sputtering apparatus 51 has a plasma generating chamber 54 which
is separated by a nesh el ectrode 53 fromthe vacuum container 51 where the
Al target 52 and the substrate 50 are disposed and in which Ar plasma is
generated. Ar ions generated in the plégna_generatlng chanber 54 are
accel erated and inpinged on the Al target 52, thereby the Al particles
being ejected fromthe Al target 52 and then accunul ated on the substrate
50. In this _case, a_degree of vacuumin the vacuumcontainer 51 is _ 9 set
to 5 x 10[ &Pr M Bg] f8F““F€s’§¥ah‘EPAk?e"i_}j&sg?‘stﬁ%ﬁlrftg?lﬁge@r’/ﬂnﬂérn/hépgttaﬁmg
generating _ch gge 4 tg {s flgw ng amount of 8 cc/sec., an en
i oni zed, tﬁgrg y &?§Po%%r %%%goﬁréﬁ?ulef.n lﬁ¥9ﬁtﬁa5ﬁslsr8agbﬁﬁlE?%peﬁ by an
el ectric fisgbdnandihdPENgRIvER Lbe: ntfigeggg&;agz n;Lban source withn an
energy substantially ranging fr%n13 0 to 20 éy.h$he %P a%%g?r%@ Hﬂ% be
a target nadeocglipyr apbrorsani N rédahael nmxed with a
These substrates 1A, 1B are opposed to each other so

that their sides on which their respective information

recording layer 151 and 152 are formed should be opposed to

each othexr. The substrates 1A, 1B are pressed with a

transparent light curing resin 331, i.g., UV curing resin 331

being disposed therebetween. As shown in FIG. 10, an

ultraviolet ray lamp 30 for curing the light curing resin 331

irradiates ultraviolet rays on the light curing resin 331

disposed therebetween to cure the same. Thus, there is

obtained the bilayer optical recording medium 10 shown in FIG.

8 in which the first and second information recording layers

151, 152 are laminated through a transparent film 14. This

transparent film 14 is a transparent intermediate film which

has in this embodiment a thickness of, for example, 40 um of

the range from 30 to 60 pm.

It is from the side of the second transparent

substrate 1B that rays of information reading light, e.qg.,

semiconductor laser L are irradiated on the information

recording layers 151, 152 of the bilayer optical recording

medium 10. When the information is read out from the second

information recording layer 152, as shown by solid lines of

FIG. 8, the rays of the laser light L are focused on the

second information recording layer 152. When the information

is read out from the first information recording layer 151, as



smal | amount of sone el enents such as Ti, Si or the like. As shown in FIG
7 vhi ch schematically shows an accunul ated state of Al particles in the
reflective film13, the reflective film13 forned of the Al filmby the
abave ion beam sputtering is forned with a lattice plane (111) whose
orientation is in parallel to a surface, where Al is deposited, of the

m nut e uneven portion 2. Accordingly, e reflective film13 has a uniform
filmaquality and a uniformfilmthickness on each of an upper surface, a
bottom surface and side surfaces of the m nute concave and convex porion 2.
The reflective film 13 has a surface on the side of the protective film 14,
t he surfacehbenngyfbatkemdl neeldferitIG . n 8ui élveofrappt PEstiae lemodr Pdmgthitod of

t he m nute uneven portion 2. As showm in FIG 4, the information is read
out from tR&ES APERABEI DR FRR of iy ynfhpsmats opy reepadiAg | Wy $ays loff Nogser

navi ng such"PoPT Bt PocthF| RILF TGt L™ A ninit e uneven portion 2 and
o haee" T pLSAtB) L den0E LA N A toartital o o
t hi ckness, the€firktOMhEbEnsSt ton ofeddiRisly NagR O st herssf teetduserddd m 13 on
side of the reflection film 13 in this case, the reflective
film 13 has a surface with the optically excellent property as
described above, which can effectively prevent the noise
resulting from the reflective film 13.
While in the above embodiments the optical recording
-~ medium is mainly the ROM type optical disk, the present
invention is not limited to such optical disk. The present
invention can be applied an optical recording medium having a’
reflective film formed therein, such as a magnetooptical
recording medium, a phase change optical recording medium or
the like. The present invention is not limited to the optical
recording medium having the two information recording layvers,
and can be applied to the multilhyer optical recording medium
having three information recoxrding layers or greater.

Having described preferred embodiments of the
present invention with reference to the accompanying drawings,
it is to be understood that the present invention is not
limited to the above-menti&ned embodiments and that various
changes and modifications can be effected therein by one
skilled in the art without departing from the spirit or scope

of the present invention as defined in the appended claims.



10 which the protective film14 is deposited. Specifically, Tt i's fromthe

surface of the reflective film13 that rays of I|ight ] ' n the
i nformati on recording | ayer 15. Since the optical di Smﬂuﬂmﬂﬂ'ﬂf!@# L
opti cal recording nedium 10 havi ng the arrangenent accdtdingttost sent
invention has a surface with the above-gescribed optically excellent
property al though rays of light are irradiated on the information recording
| ayer 15 fromthe protective film 14 side, a noise resulting fromthe
reflective film13 is effectively prevented. Since a distance between the

i nformati on recording | ayer 15 ta isyclad@edt 1Bhe optical recording
medi um 10 on which rays of light, e.g., laser light are incident is set
smaller, it is possible to inprove the above-nentioned coma resulting from

the skew, which |eads tqmadyghen e8bding HEASkh Yoyt @ iinguer noi se.

Wiile in this enbodi ment theé mnute uneven portion 2 and the substrate 1
are formed by injectipyBdtHat@ hbREengl BUlentbeVeReps tpdit idnC @b rhedt ehned

on the substrate 1 by
its one surface;
a reflective film formed by ion beam sputtering on
said minute uneven portion of said substrate; and

a transparent film as a light transmission layer

deposited and formed on said reflective layex.

2. An optical recording medium according to claim 1,
wherein said reflective film contains Al as its main

component.

3. An optical recording medium according to claim 2,
wherein said reflective film made of Al is formed so that
orientation of an Al film should be in parallel to a surface

,on which it is deposited, of said minute uneven portion.

4. An optical recording medium according to claim 2,

wherein said reflective film made of Al contains Ti and Si.

5. An optical recording medium comprising:

first and second substrates having minute uneven
portions formed thereon;

a reflective f£ilm formed by ion beam sputtering on a
minute uneven portion of one of said two substrates; and

a transparent film as a light transmission layer



phot opol yneri zati on. The present invention can also be applied toa —

mul fil ayer optical recording nmediumhaving a plurality ﬂ [ }
recording layers lamnated for a |arger information recg mﬂwm;%mmml n
this case, it is desirable to enploy a conmon optical head fortt s x
respective information recording |ayers which allows the respective
information recording layers to be cont}huously recorded and/ or reproduced,
by sinplifying a drive apparatus for the mul tilayer optical recording
medi um The present invention can be applied to the multilayer optical
recordi ng } i r fy 1 gh be.irradiated gn t
respectiveH?g%ggﬁégigﬂd?%%gﬁglﬁgyﬁgﬁgﬁéklr%#%%ﬁggggﬁewg?fﬁﬁnFéhf 4¥ﬁ%faa
schemati ¢, sGb885aB6ECE S ONdrhi VA ¥ WG &rBinka¥ebnePki¢al recording nedium
10 to which the present invention is applied. In this case, the bilayer :
optical recording nmedium 10 has first and second information recording
| ayers 151, 152 respectively having first and second m nute

6. An optical recording medium according to claim 5,

wherein said reflective film contains Al as its main

component.

7. An optical recording medium according to claim 6,
wherein said reflective film made of Al is formed so that
orientation of an Al film should be in parallel to a surface,

on which it is deposited, of said minute uneven portion.



uneven portions 21, 22 such as data information pits, tracking grooves or
the'like, the first and second information recording |ayers 151, 152 being
| am nat ed. A nethod of manufacturing the bilayer optical recording nmedi um
10 will be described by way of exanple. In this case, as shown in FIG 9,
first and second substrate 1A, 1B respectively having the first and second
m nut e uneven portions 21, 22 forned ohétheir one main surfaces are

manuf actured by the injection nolding or photopol yneri zation descri bed
above. In this case, at |east the second substrate 1B is forned as a

transparent substrate. A t] film13 forned of an Al film for
exanpl e, having a thickn8§?3h$£68ﬁﬁﬂﬁnFHF Eﬁaﬁﬂﬁe, is formed by the

above-nentioned i on beam sputtering on the main surface of the substrate 1A
havi ng the first minute uneveBSRRAQTLOF2 THETRISCLOBYREI rst i nf ormati on
recording layer 151 is fornmed. A semitransparent film 23 nmade of Si N having
a thickness of 60 nmor Si having a thickness ranging from 10 to 12

When information is recorded on and/or reproduced
from an optical recording medium by irradiating rays of light
on its information recordigg layer having a reflective film
from the side where the reflective film is deposited, the
noise can be reduced. The optical recording medium includes a
substrate having a minute uneven portion formed on its
surface, a reflective film formed by.ion beam sputtering on
the minute uneven portion of the substrate, and a transparent

film as a light transmission layer deposited and formed on the

reflective layer.

Figure 4



15 nmis fornmed by ion beam sputtering or ordinary sputtering on the main
surface of the second substrate 1B having the second m nute uneven portion
22. Thus, the second information recording |layer 152 is formed. These
substrates 1A, 1B are opposed to each other so that their sides on which
tHeir respective information recording |ayer 151 and 152 are formed shoul d
be opposed to each other. The substrates 1A, 1B are pressed with a
transparent light curing resin 331, i.g/5 UV curing resin 331 being

di sposed t herebetween. As shown in FIG 10, an ultraviolet ray lanp 30 for
curing the uri g resin 331 irradiates ultraviolet rays on the |ight
curing resz:rgg di sppsed therebetween to cure the sane. Thus, there is
obtai ned t i l'ayer optical recording medium 10 shown in FIG 8 in which
the first and second information recording |ayers 151, 152 are | am nated
through a transparent film 14. Thisqgtransparent film 14 is 8 transgarent
internediate filmwhich has in thig enbodinent a thlcknes of , for/exanple

40 [err] m off the Tange fTom 30 1O 60 [errJm 1T 1S fTromt e ST de p
second trangparent substrate 1B that rays of information eadlng ght
e.g., sem cgnductQr Jasen\L are—rrradrared—on-rhe-nqfor

FIG. 2
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recording layers 151, 152 of the bilayer optical recording nmedium 10. Wen
the"information is read out fromthe second information recording | ayer

152, as shown by solid lines of FIG 8, the rays of the laser light L are
focused on the second information recording |ayer 152. Wen the information
is read out fromthe first information recording |ayer 151, as 13 shown
by broken lines of FIG 8, the rays of the laser |light L are focused on the
first informati on recording | ayer 151 Eé§p1the side of the transparent film
14. Although the rays of laser light L"dre irradiated on the first
infornatioqfrigzgging ayer 151 fromthe surface side of the reflection
film13 in &hi se,-¥he reflective film13 has a surface with the
optically excellent property as descri bed above, ich can effectively
prevent the noise resulting fromthe reflective f,fIm13. Wile in the above
enbodi nents the optical recording nediumis mainky the type optical

di sk, the present i not limted to sug i sk. The
pr esent [
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i nvention can be applied an optical
filmfornmed therein,

change optica

limted to the optica
recordi ng | ayers,

such as a nmagnetooptica
recordi ng medi umor the |ike.
recordi ng medi um having the two information
and can be applied to the nmultilayer optical rec

The present

medi um having three information recording |ayers or greater. Havin

descri bed preferred enbodi nents of thej

t he acconpanyi

|nvent|onF 5I|n5
various c dn and

as defined in,
recordi ng nedi
formed on its

Fl

Fl

gesent

ng drawings, it is to be understood that the present

recordi ng nmedi um having a reflective
recordi ng nmedium a phase
i nvention is not

ordi ng
g

invention with reference to

to the above-nenti oned enbodi ments and t hat
ications can be effected thereindy one skilled in

the art without departing fromthe spirit or scope of the present i nvention
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a reflective filmforned by ion beam sputtering on said m nute uneven
portion of said substrate; and a transparent filmas a light transm ssion

| ayer deposited and fornmed on said reflective |ayer. 2. An optical

recordi ng medi um according to claiml1l, wherein said reflective film
contains Al as its main conponent. 3. An optical recording nmedi um according
to claim?2, wherein said reflective filmnmade of Al is formed so that
orientation of an Al filmshould be ingpgrallel to a surface ,on which it
is depo&FC/ﬁ minute uneven portion. 4. An optical recording nmedium
accordi ngft aim wherein said reflective filmnmade of Al contains Ti
and Si. 5. An opti cal recordi ng medi um conprising: first and second
substrates having minute uneven portions formed thereon; aqgeflective film
formed by ion beam sputterl ng on a mnute uneven portiof of one of said two
Substrates; and a tr SRQ; Y
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15 deposited and forned on said one substrate, wherein the other substrate

I s amnated on said transparent film 6. An optical recording nedi um
according to claimb5, wherein said reflective filmcontains Al as its nmain
copgponent. 7. An optical recording nediumaccording to claim6, wherein
said reflective filmmade of Al is fornmed so that orientation of an Al film
should be in parallel to a surface, on which it is deposited, of said

m nut e uneven portion. 5/5

FIG. 9
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