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TITLE OF THE INVENTION

OPTICAL RECORDING MEDIUM AND METHOD OF PRODUCING SAME

BACKGROUND OF THE INVENTION

Field of the Invention:

This invention relates to an optical recoraing medium and
a method of producing the optical recording medium, and more
particularly to an optical recording medium capable recording
and/or reproducing an information signal on a signal recording
medium by radiation of a laser'beam and including-a tranéparent
layer through which the laser beam is radiated on the signal

recording layer, and a method of producing such an optical

recording medium.

Prior Art:

As shown in Fig; 1, a2 conventional recording medium such as an
optical disc, includes a transparent layer 51 having a thickness
of, for example, about 1.2 mm. The transparent layer 51 has on
one side sﬁrface thereof information pits or guide grooves
constituting a signal recording region or portion. On an ocutside
of the signal recording region or portion, there is in turn
provided a reflecting film layer 52 and a protective film layer
53 for protecting the reflecting 1§yer 52. The information pits
br guide grooves are radiated with a laser beam condensed by an
objective lens 54 of an optical pick-up device. I n - a
duplication step of the manufacture process for the optical disc
such as a compact disc, a stamper prepared in a preceding
mastering step is mounted to a press. Successively, a resin

material for a substrate such as polycarbonate is poured into the
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medi um by radiation of a |aser beam and including a transparent |ayer
through which the | aser beamis radiated on the sl §fjglgy T Adi Re-hayer,
and a nethod of producing such an optical recording u ESWF N Art:
As shown in Fig. 1, a conventional recording nedi i cal
disc, includes a transparent |ayer 51 4aving a thickness of, for exanple,
about :1.2 nm The transparent |ayer 51 has on one side surface thereof

i nf or mat j [ r [ gr,oqv C Al ' s'gnﬂ?). ' r.egi on
or port i%ﬁ&%v;h;nl%o&%%tggg Sﬁaf[ ﬁgegi EQEP E%g%gr [ ﬁ% éregl o%gﬁf%gﬁ({}?ipln@t her e
is in tyfbcddPvigded @ddrechi N | bakka¥ar o2 8RE atUnfact bieofidne | ayer
53 for protecting the reflecting |layer 52. The information pits or guide
grooves @jiest Pl erthid tduldstl @ty dlaam conaansad the dransparent layer

51. Since a 1light permeates through the substrate as the
transparent layer 51 , it is necessary to provide a reflecting
layer 52 made of aluminum by using a vacuum deposition method.
The reflecting layer 52 is further over—coated with the
protective film 53 to prevent damage to the re%&fcting layer 52.

Accordingly, as viewed from the side of the objective lens
54 of the optical pick-up device, the laser beam for reproduction
is first radiated on the information pit through the transparent
layer 51 having a thickness of, for example, 1.2 mm. The light
reflecting on the information pits then moves back through the
transparent layer 51 so that the necessary information can be
read out from the optical disec.

A thickness of the transparent layer 51 serQing as a
substrate has a close relation with deformation due to stress,
heat and moisture, especially inclination which is called "skew,"
and characteristic of the laser beam condensed on the information
pit, especially a coma aberration. Assuming that the skew of the
optical-disc is maintained constant, the transparent layer having
a smaller thickness contributes to formation of a spot with a
smaller aberration.

Meanwhile, recently, there is an increasing demand for a
high-density optical disc. The high densification of the 6ptica1
disc can be achieved by increasing a numerical aperture NA of thé
objective lens of the optical pick-up device and lessening a

track pitch of the optical disc. In this case, there remarkably
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objective lens 54 of an optical pick-up device. | n
step of the manufacture process for the optical disc
di sc, a stanper prepared in a preceding nastering stle
press. Successively, a resin natergal for a substrate sU .
pol ycarbonate is poured into the 2

press.while heating and then subjected to a conpression nolding process to

transf erappdids PaHee! M rd-hRentliMRS MU Huddts,, Subsidiat €. inlddeasdibsifat e
al so serves as the transparent |ayer

aberration amount of the spot when the skew is maintained

a duplication

constant, and deterioration of reproduced signal due to the
increased aberration. However, in the case of the transparent
layer having a thickness of 1.2 mm, -the problem cannot be
overcome unless the transparent layer is made of an extremely
flat and non-deformable material such as a glass plate.

In addition, taking into consideration a magneto—optical
disc in which the afore-mentioned reflecting layer ié replaced
with a recording layer made of a recording material, as shown in
Fig. 2, since a transparent layer 61 has a thickness of 1.2 mm,
an external magnetic field from a magnetic field modulation coil
55 is upavailable to record and/or reproduce information signal
on the recording layer 62. In consequence, the magnetic field
modulation coil 55 must be disposed on a side of a protective
layer 63 opposite to a side where the tranéparent layer 681 and
the objective lens 56 of the optical pick—up device are provided.
As a. result, such an arrangement limits reduction in size of a

recording and reproducing apparatus in which the magneto-optical

disc is used.

SUMMARY OF THE INVENTION

"It is therefore an object of the present invention to
provide an optical recording medium capable of high density

reproduction of information stored thereon.

It is another object of the present invention to provide a
method of producing such an optical recording medium, in which

productivity thereof is highly improved.
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51. Since a |light perneates through the substrpate t he

transparent layer 51 , it is necessary to provide a re'V@dﬂﬂﬁg
made of al um num by using a vacuum deposition nethod.
| ayer 52 is further over-coated wth the _protectlve i

prevent damage to the reflecting |ayer 4. Accordi ngly, as viewed
fromthe side of the objective lens 54 of the optical pick-up device,
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ving a thickness o

the transparent |ayer 51 so that the necessary infornmation can be
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serving as a substrate has a close relation with deformation due to

stress, apparatus therefor.

In a first 'aspeci of the present invention,

there is

provided an optical recording medium capable of recording and/or

reproducing an information by using a laser beam, comprising a

support layer having an information signa1~reggrding portion on

one side surface thereof on which the laser beam is incident, and

a transparent layer disposed over the support layer and having

a thickness smaller than that of the support layer.

In a second aspect of the present invention,

there 1is

provided a method of producing an optical recording medium,

comprising the steps of pouring a material for-a substrate into

a press while heating and subjecting the material

compression molding process to form the substrate

to a

having

transferred information pits thereon, ferming a reflecting layer

over the substrate, and forming a transparent layer capable of

permeating a laser beam and having a thickness smaller than that

of the substrate, over the reflecting layer.

In a third aspect of the present invention,

there 1is

provided a method of producing an optical recording medium,

comprising the steps of pouring a transparent resin into a press

while heating, and subjecting the resin to a compression molding

process to form a transparent layer having transferred

information pits thereon, forming a reflecting layer over the

information pits formed on the transparent layer, and adhering

the transparent layer over a substrate having a thickness larger
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heat and noisture, especially inclination which is called "skew," and

characteristic of the | aser beam condensed on the infor %utinn pit
especially a coma aberration. Assumi ng that the skew|o fﬁEEEBHﬁBGHENd sc
i's maintained constant, the transparent |ayer having rﬁﬁﬂﬁéEEDhlckn SS

contributes to formation of a spot with a snaller aberration. _
Meanwhi |l e, recently, there is an increasing demand for a high-density

optical ghgq td¥e J¥ gHedersidpLalion .9 frt bﬁgeeggcﬂld %%qewing %ﬁgbkeved

by increasing a nunerical aperture NA'o jective lens o e opti cal
pi ck-up devi cenand FesseRi R@pact! rGLK thiet GhrHferd e iaReh&abndi Sthedd §Bi S

case, there remarkably
provided a method of producing an optical recording medium
capable of recording and/or reproducing an information by using
a laser - bean, éomprising the stéps of forming a magnetic
recording film on one side éprface of a substrate on which the
laser beam is incident; and forming a transparent layer having
a thicknes§ smaller.than that of the substrate over the magnetic
recording film.

The optical recording medium according to the present
invention, is provided with a transparent layer having a smaller
thickness, for example, 0.5 mm or less, as comﬁared with that of
the support layer. As a resﬁlt, even though a numeric&l aperture
of an objective lens used in the optical pick—up device is large,
deterioration of a reproduction signal due to a coma aberration
can be limited to a 1low 1level, whereby a high density
reproduction can be accomplished.

These and other objects, features and advantages of the
present invention will become more apparent from the following
detailed description when read in conjunction with the

accompanying drawings and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view schematically showing a structure of a

conventional optical recording medium.

Fig. 2 is a view schematically showing a structure of a

conventional magneto-optical disc.

Fig, 3 is a view schematically showing a structure of an
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3 appears the afore-nmentioned tendency, nanely |ncrease in aberration

anount of the spot when the skew is maintained cong 3 --terloratlon
of reproduced signal due to the increased aberratig x case
of the transparent |ayer having a thickness of 1.2 Yl 1% annot
be overcone unless the transparent |lafer is nmade of an ‘extrenely at and
non-def ormabl e material such as a gl ass pl ate. In addltlon, t aki ng
into consideration a nef o-optical disc.in L ch a ore i pned
reflectifif f%@i TeeeR & ﬁfﬁfﬁqé@§r&|néw?é§§F ﬁ@ﬁ% bPe %o?ﬁﬁng

g?tir;ahﬁ{é§e§90¥HVégti 19. 2, since a transparent |ayer 61 has a thickness

Figs. 4A to 4G °*are views continuously showing master
disc—forming steps in manufacturing process of the optical disc
according to ﬁhe first ‘embodiment of the present_inveqtion.

Figs. B5A and 5B are views showing injection—-molding stéps
in manufacturing process of the optical disc according to the
first embodiment of the present invention. * |

Figs. 6A to 6C are views showing reflécting film— and
transparent layer—forming steps in manufacturing process of the
optical disc according to the first embodiment of the present

. invention. |

Figs. 7TA to 7C are views showing reflecting layer—forming
steps in manufacturing process of the optical disc according to
the first embodiment of the present invention.

Fig. 8 is a view showing a manher for carrying out'centering
of a center bore of the optical disc®according to the first
embodiment of the present invention, when the transparent layer
is adhered to the disc substrate.

Fig. 9 is a view showing a structure of an optical disc
according to a second embodiment of the present invention.

Fig. 10A Fo 10C are vigws showing reflecting layer—forming
and disc substrate-forming steps in a manufacturing process for
the opticdl disc as shown in Fig. 9, according to the second
embodiment of the present invention.

Fig. 11A and 11B are views showing a manner for carrying out
centering of a center bore of the opticél disc according to the

second embodiment of the present invention, when the transparent
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an external magnetic field froma nagnetic field nDduIatlon coil 55

unavail able to record and/or reproduce information

| ayer 62. I n consequence, the magnetic field nDduIat|or§:aa po t

di sposed on a side of a protective |ayer 63 opposi -
transparent layer 61 and the objective lens 56 of the opti

S

on the recordi ng

device are provided. As a result, such an arrangement limts reductlon I n
size of a recordi an reprodu0|ng a paratus |n whi ch t he magnet o- opti cal
i Sc | ey (e Ry T o

di sc
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disc according to a third embodiment of the present invention.
Fig. 13 is a schematic view showing an optical pick—-up
device'applicable to reproduction of the opt%cal recording medium
according to the present invention.
Fig. 14 is a sectional view showing an objective lens system
of the optical pick-up device as shown in Fig. 13.

Fig. 15 is a plan view showing the objective lens system as

shown in Fig. 14.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS '

The preferred embodiments of the present invention 1is
described below by referring to the accompanying drawings in
which an optical recording medium produced according to a
production method of the present invention is illustrated.

In the preferred embodiments described below, there is
illustrated an optical disc of such a type capable of reproducing
information signals depending upon a quantity of a reflecting
beam resulting from radiation of a laser beam onto the optical
recording medium. In the first embodiment, a trénsparent layer
having a thickqess of about 100 um is used while, in the second
embodiment, the transparent layer having a thickness of 5§ mm or
less is used.

Generally, when fhe optical disc is injection-molded, a
central portion thereof where a center bore is to be formed has
a smaller thickness than the remaining base portion of +the

optical disc. By this, a cooling rate of the central portion is
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reproduction of information stored thereon. It is another object of
the present invention to provide a nethod of prodycnipg S '
recording medium in which productivity thereof ig high.,pr
REPLACEMENT SHEET It is a further objec .
I nvention to provide an optical recordﬁng medi um of a nmagnet o-optical type
capable of achieving reduction in size of a recording and reproduci ng

apparatu%r%&@&@ﬁoﬁs compared with that of the remaining base portion to’

thereby prevent occurrence of after—tack or sink mark of the
molded resin. That is, the thin central portion functions as a
stopper based on the rapid curing. The proyision of the thin
central portion advantageously results in eliminating a
birefringence of the optical disc and improving a transfer
capability. The narrow central portion where the center bore of
the optical disc. is provided, is called "gate" and finally
removed from the remaining base portion by stamﬁing. As a result,
the thin central portion gives no influence on a final shape of
the optical disc. When the thickness of the gate is further
narrowed, the afore—mentioned function as a stopper can be
expected more certainly. However, in this case, there occurs
another problem such as a deteriorated flowability of a resin to
be molded. In addition, the.same problem is promoted when it is
intended to make a thickness of the base portion of the optical
disc thinner. On the other hand, whef the gate is widened,
undesired birefringence and d;terioration in the transfer
capability are likely to occur though an optical disc having a
small thickness is producible.

In the foregoing, a general concept is described with
respect to a role played by the gate in an injection-molding of
the optical disc.

Actually, when the gate is widened, the optical disc having
a diameter up to 120 mm and a thickness up to 0.35 mm can be
obtained with_a good outer appearance. However, in this case,
there occurs Dbirefringence and deterioration in transfer

capability. Under these circumstances, a spacing of the gate is
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In a first aspect of the present invention, there is provided an opti cal
recordi ng nmedi um capabl e of recording and/or reproducing information by

using a | aser beam conprising, at one side, a and, at
the other side, a transparent |ayer, gwhich in use s QETb’éA 8RBV rjated by a
| aser beam with information signal-recording {0 sed

t herebetween, characterised in that the nedi um conprises no more than four

layers of QLW @b dNY5 Mud NY d N rarﬁa&'ﬁ@@éﬁytth@ysfnfﬂe&ladigbi fk0eRE
smal | er than that of the substrate layer. n one type of recording

medi um irk qacear GANGE rWinignicle ardd\Vvadidfed herdnd 4 1aE & pAL 51 go@l cagcokdi ng
means conprises information pits fornmed in a surface of either the
subst r aobtaiapger inrcdse itr ilaspar ehi ckayes 0 Hot. weemm f a2 augr s lat,ewheh sai d

it is intended to obtain the optical disc having a thickness of
0.5 mm or less and a good signal characteristic, the spacing of
the gate is required to be 0.1-0.2 mm or less. This condition is

"make it impossible to produce the optical disc practically. Tha£
is, under such a condition, a injection speed of the resin is
considerably limited by the gate so that the resin cannot reach
an outer peripheral portion of the optical disc. As a result, the
optical disc having a desired diameter cannot be obtained. This
is the reason why the optical disc having a thickness of 0.5 mm
or less cannot be produced conventionally.

Possible measures for obtaining the optical disc having a
thickness of 0.5 mm or less are suggested below.

One of the measures includes a method in which reproduction
is carried out a back side of a shaped substrate and an ultra-
violet curing resin is coated by using a spin-coating method or
the like and then cured. In this case, to the contrary, the
optical disc havfng as large a thickness as 1 mm is difficult to
produce; Even if a high viscous resin is used, the thickness of
the optical disc is limited at most to 100 um (0.1 mm).
Incidéntally, it is possible to'increase the thickness of the
optical disc by providing overcoat layers. However, non-
uniformity is inevitably created upén coating of each layer and
thereby promoted. This also fails obtaining the optical disc

having a thickness of 0.5 mm or less. Another measure includes

the use of other sheet or film.
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| ayers, as well as a reflecting | ayer interposed be substrate
| ayer and the transparent |ayer, overlying the inf '

One nmet hod of producing an optical recordi ng nmedi um of t gp a?%ﬁésaﬁ- type

conprises the steps of pouring a material for a subsTT Yy ) a
press while heating and subjecting the  material to a conpre55|on
process so as to formthe substrate layer with transferred information

pits thereon, rirst, the optical recording medium acc8rding to the first’
preferred embddiment of the present invention is explained by
referring to Fig. 3.

The optical disc 1 according to the first embodiment of the
present invention includes a support layer 2 which is made of,
for example, polycarbonate and has a thickness of 1.2 mm and on
which pits are '‘transferred by a injection-molding method, a
reflecting film 3 composed of an aluminum? layer having a
thickness of about 500 A and formed over the sﬁpport layer, and
a transparent layer-4 having a thickness of about 100 um and
formed byla spin—coating method.

Upon manufacture of the optical disc according to the first
embodiment of the present invention, there are required ‘a
plurality of steps including a master disc—forming step as shown
in Figs. 4A to 4G, an injection-molding step as shown in Figs.
SA and 5B, and a further layer—forming step as shown in.Fig. 6A
to 6C, in which the reflecting layer 3*is formed by sputtering
of aluminum Al and the transparent layer 4 is formed by a
spin—coating method.

In the master disc—forming step, a glass substrate 6 as
shown in Fig. 4A is coated with a resist 7 as.shown in Fig. 4B.
The resist—coated'glass substrate 6 is exposed to a radiation of
a laser beam as shown in Fig. 4C ahd then subjected to a
developing treatment as shown in Fig. 4D whereby pits or grooves
8 is formed on a surface of the resist-coated substrate 6. The
substrate is successively subjécted to an electroless plating
treatment as shown in Fig. 4E to form a conductive film 9 on the

substrate 6. Theréafter, as shown in Fig. 4F, the substrate 6 is
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forming a reflecting layer over the information pits forned In
substrate layer, and form ng.a transparent |ayer c
permeated by a | aser beam and having a thickness sng
substrate | ayer, over the reflecting | gyer. Howe
met hod of producing an opti cal recor dit g nmedium of the afore
conpri.ses the steps of pouring a transparent resininto a pre

neal 1 19, aRdeSUBheet! 1Y LR Leskioten

formng quvk
transparenY | ayer, and adhering the transparent |ayer over a

the

Ss mhrle
S31:0 pr o 0
forma transparent Ia er “Ravi Rg~t fF-ans erre(?'t or%ﬁn(néggfk thﬁ?ggei

efLertinyg alsaxer.agvet L0gci 16 orprRd 't@l@tsp-'ptr%dfugreqeﬁlagee}'halsc

substrate

| ayer of 10r ealer dhi gkerss tBamdrosRld fomayhef gllbes substrate 6 and

utilized in a éubsequent injection-molding step.

In the injection-molding step, as shown in Fig. 5A,

master disc 10 which serves as a stamper is placed in

into which a polycarbonate resin melted at an

the Ni
a press

elevated

temperature is poured and then subjected to a compression molding

method to mold the disc Support layer 2 as shown in Fig. 5B. As

described\above, the disc support layer 2 of the optical disc

according to the first embodiment has a thickness of 1

.2 mm.

Next, referring to Figs. 6A to 6C, there is explained a

further layer-forming step in which a reflecting layer 3 |is

deposited over the disc support layer 2 by sputtering of aluminum
and then a transparent layer 4 is formed over the reflecting
layer 3. First, the disc substrate 2 is subjected to sputtering
to deposit an alﬁminum layer havtng a thickness of about 500 A
as shown in Fig. 6A whereby the reflecting layer 3 is formed on
the disc substrate 2.

Upon formation of the reflecting layer 3, as shown in Fig.
TA, the aluminum deposit layer is grown in the direction
perpendicular to a surface of the disc substrate where a shaped
pit PO is formed, so that a read-out pit Pl formed on the
reflecting layer 3 has a shape identical to that of the shaped
pit PO. This perpendicular growth of the reflecting layer 3
prevénts formation of the pit P1’ whose shape is inconsistent
with that of the shaped pit PO. Alternatively, as shown in Fig.

7C, a relatively large groove is preliminarily provided on the
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reflecting |ayer. In a second type of record
accordance with the present invention the informatipmygs §f

nmeans is conposed of a nagnetic recording film A ,-thodég" an
optical recording mediumof this type,fgnprises t he st éps—e m ng fa
magnetic recording filmon one side of substrate on which the Br

beami-s incident; and formng a transparent |ayer having a thickness

smal | er yhapathat @fsiheoStdsts Al e Vi reddtndBFIH 16 rkRCARALEE bikMpo-

The optical recording nmedium according to the present invention, is
provi dedow the ad idAsRPott 1ba¥er2 Ravd iubya aSpBLEeb 1 e tdY fditSiorf @F €xanpl e,

0.5mm or less, as conpared wth that of
reflecting layer 3 can be corrected properly. However, in this
case, the reflecting layer 3 must be uniformly formed over an
entire surface of the disc support layer 2.

Next, as shown in Fig. 6C, the transparent layer 4 ha?ing
a thickness of about 100 pum is formed on the reflecting layer 3
by spin—-coating meéhod. Specificallf, an ul@;a—violet curing
resin {(UV resin) is coated over the reflectingilayer to form the
transparent layer 4. Upon formation of the transparent layer 4,
a thickness thereof is controlled by varying a revolution number
of a spinner used for this purpose. The coating of the ultra-
violet curing resin can be pe}formed several times to obtain a
desired thickness of the transparent layer 4.

Alternatively, the transparent layer 4 can be produced in
the following manner. For example, an optically transparent hard
substance such as an amorphous carboﬁ may be subjected to a
physical deposition method such as sputtering, or a chemical
deposition method. Further, a separately prepared transparent
layer 4’ such as a polycarbonate film or a glass plate can be
bonded onto the reflecting layer 3 by using an ultra-violet
curing resin. ?n this case, as shown in Fig. 8, upon subjected
to the injection—-molding, centering of a chucking center hole 27
of tﬁe disc support layer 2 is carried out simultaneously to
facilitate subsequent adhering step and eliminate complicated
positioning of the center hole 27 when the transparent layer 4’

is adhered onto the reflecting layer 3 formed on the disc support

layer 2.
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6 of an objective lens used in the optical pick-up [deyjs
deterioration of a reproduction signal due to a core

limted to a low | evel, whereby a high nsity reprotu )
acconpl i shed. These and ot her ects, features and advant ages of

t he

present invention will becone nore apparent fromthe follow ng

detail ed desc@d“ﬁ&§1é¥3¥£lﬁgﬂiﬂJﬁé%9@i (giéﬁﬁ&ﬂﬂdﬁﬁ&hethe disc support’

layer 2 is produced in the form of an injection-molded substrate.
This is because such a substrate can be easily produced by using
a conventional process, equipment, materials or the like. Thus,
since the disc support layer 2 has no requirements for. optical
characteristics such as permeability and birefringence, any
substrate is usable for this purpose as far.as it is made of a
material capable of forming the pits or guide grooves thereon by
transferring upon molding and having a sufficient mechanical
strength. Accordingly, the disc support layer 2 can be formed of
such a material as metal or glass whereby reduction in entire
thickness of the optical disc includ;ng the transparent layer can

be achieved and further the deformation of the optical disc is

limited to a low level.

Meanwhile, a relation between a numerical aperture NA of the
objective lens used for reproduction, a wave length A of a laser
beam which is radiated to form a reproduction spot on the optical
disc, and a spot dize ¢_is represented by the following equation:

® = 1.22 x A/NA

As apparently understood from the above equation, as the
numerical aperture NA is increased, the spot size ¢ becomes
smaller. Accordingly, when an objective lens having a large
numerical aperture is employed, a_high density reproduction can
be achieved, namely a high density optical disc can be reproduced
by usiqg such an objective 1lens having é large numerical
aperture. However, the numerical aperture NA gives an influence
on a tolerance for inclination of the optical disc in addition

to the spot size. That is, the tolerance for inclination of the
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acconpanyi ng draw ngs and appended cl ai ns. BRI EF DESCRI PTI ON OF THE
DRAW NGS Fig. 1 is a view schematically showng a structure of a
conventional optical recording nmedi um Fig. 2is a view schematically
showi ng a structure of a conventi onal gnet o- opt |l TAIS SVerg g hig. 3
Is a view schematically showi ng a strl}c‘{Tﬁre of an REPLACEAS BEEN—] o

7 _

optical disc is in proportion to A/lt-(NA)3| where t represents
a thickness of the transparent layer.

Generally, when the optical disc is inclined relative to the
"optical system, a coma aberration is generated. In this case, a
wave front aberration coefficient W 1is represented by the
following equation:

W= 1/2-t-{(N~1)N? sinbcos6}/(N—sine) ¥/?Na]
wherein t represents a thickness of the transggrent layer, N is
a refractive index and © represents an inclination angle.

For example, fhe nuﬁerical aperture NA is changed from 0.45
to 0.60, a skew margin is reduced from 0.60+- to 0.25-. In order
to restore the reduced skew margin, the thickness‘ of the
transparent layer must be reduced. However, conventionally, as
described above, the transparent layer has a thickness of 1.2-mm.
In consequence, increase of the numerical aperture NA is
restricted so that a high density reproduction and a high quality
of the reproduction outpﬁt cannot be achieved.

On the other hand, in the optical disc according to the
first embediment of the preseht inveﬁtion, the tranparent layer
has as small a thickness as about 100 jum, for example,. by

. applying an ultra;violet curing resin by using a spin-coating
method. As a result, even though the numeric&l aperture of the
objective 1lens of the optical pick-up device 1is large,
deterioration of the reproduction signal due to a coma aberration
is prevented from occurring whereby a high density reproduction
of the iﬁformation signal can be achieved.

Next, an optical disc according to the second preferred

embodiment of the present invention is described by referring to
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optical recording device according to a first enbodi nent of the present
I nventi on. Figs. 4A to 4G are views continuously show ng master
di sc-form ng steps in manufacturing process of thewQptical disc according
to the first enbodinent of the present__inventionTHIs SHEETH, PS4 and 5B
are views show ng injection-nolding stdPs in f acrRep Beds of the
optical disc according to the first enbodi nent of the Lnyention.
Figs. 6fto0 $C are views showing reflecting film and transparent
| ayer-formng steps in manufacturing process of the optical disc according
to the first. DO gEIYa10f di e PrasS@UdiddVEid | Othe secord USprdfetpedC are
views show ng reflecting |ayer-formng '

embodiment has a transparent layer 16 which is formed of an

H
Ay

injection-molded polycarbonate resin and has a thickness not more
than 0.5 mm, and on which information pits’ is formed by
transferring from a master disc. Formed over the transparent
layer 16 is.a reflecting layer 17 which is an aluminum layer
deposited by sputtering method and having a thickness of about
500 A. The transparent layer 16 is adhered onto a disc support
layer 18 having an adequate mechanical strength through the
reflecting layer 17 and further an ultra-violet curing resin 19.
The ultra-violet curing resin 19 serves as an adhesive layer. It
is desirable that a total thickness of the adhesive layer 19 and
the disc support layer 18 is not less than 0.7 mm.

The manufacture of the optical disc according to the second
preferred embodiment of the present invention, needs similar
steps to those including the master disc-forming step as shown
in Figs. 4A to 4G, the injection—ﬁolding step as shown in Figs.
5A and 5B and the further layer-forming step as shown Figs. 6A
to 6C and Figs. T7A to 7C. Thus, the reflecting layer 17 |is
produced on the transparent layer 16 by sputtering of aluminum
and further is adhered onto the disc support layef 18 by using
the ultra-violet curing resin 19, as shown in Figs. 10A to 10C.

The master disc-forming step of the optical disc according
to this embodiment can be performed in the same manner as that
used in the first embodiment and therefor a detailed explanation

therefor is omitted here.

In the injection molding' step according to the second
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steps in manufacturing process of the optical disc according to the first

enbodi nent of .the present invention. Fig. 8 is a view showi ng a
manner for carrying out centering of a center bof enf¥ shffs wptteat—di sc
according to the first enbodi nent of the present REEN tthe

transparent layer is adhered to the dil®c substrale: fs a view
showi ng a structure of an optical disc according to a second enbodi nent of

the preseplo & W& | Ofhe ni ma A& 04 1o 10C rrestV';?i’&sc O ", d n;IJ &1 ng
| ayer - forn1n and d 1'$C SUbStT A e ornln ﬁep I n manufact uri process

for  they pptipaal Whsenas sBeWchprbhate 9 ,régqqpr.qweeao attheaaecgpéivated
enbodi nent of the present invention. Fig. 11A and 11B are views

showi ng BelBOPLtuFOri €AFSYHdH, OUh thd UMY indhi¥r AL esidin bin & fs 1 hea
optical disc according to the
and 5B. However, in this case, not the disc support layer 18 but
the transparent layer 18 is subjected to the compression molding
process. The thus—compression molded transparent layer 16 hds a
thickness of 0.5 mm. Incidentally, upon the formation of .the
transparent layer 16, as shown in Fig. 11A3; centering of a
chucking center hole 27 of the disc support laber 18 is carried
out simultaneously when the transparent layer 16 is adhered onto
the disc support layer 18, to thereby facilitate the subsequent
adhering step and eliminate complicated positioning of the.qenter
hole 27
Next, the reflecting layér 17 1is deposited over the
transparent layer 16 by sputtering of aluminum. The transparent
layer 16 is adhered onto the disc support layer 18 having an
adequate mechanical strength through th®% reflecting layer 17 in
the following manﬁer. First, as shown in Fig. 10B, sputtering of
aluminum is carried out to deposit the reflecting layer 17 having
a thickness of about 500 A over the transparent layer 16. Next,
as shown in Fig. 10C, the transparent layer 16 is adhered onto
the disc support layer 18 through the reflecting layer 17 and a
layer made of an ultra-violet curing resin. In this case, since
a light permeability through the aluminum reflecting layer having
a thickness of 500 A is 1 % or less, a curing time thereof
becomes too long. In consequence, a thickness of the reflecting
layer 17 is restricted to about 200 A which is a minimum value

required to obtain a necessary reflection coefficient. In
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second enbodi ment of the present invention, when the_transparent

8 | ayer is adhered to the disc substrate. Fi d. rdg L_Vi ew showi
a structure of an magneto-optical disc according t¢ Ypietel t
the present invention. Fig. 13 |s7a schemati c vVIew ' ¥Nopt i
pi ck-up device applicable to reproduét lon of the optical H-1Q
according to the present invention. Fig. 14 is a sectional view

showi ng A4 AP AL laVRoteRe18Yal8Bsive can be used instead of the ultra—

violet curing resin.

Thus, in the optical disc according té the second embodiment
of the present invention there can be obtained the transparent
layer having a thickness of about 0.5 mm. As a result, even
though a numerical aperture of an objective lens 20 used in the
optical pick-up device is large, deterioration of a reproduction
signal due to a coma aberration can be prevented to some extent,
whereby a high density reproduction can be achieved. Further, in
the second embodiment, the disc suﬁport layer 18 having a
predetefmined thickness is prepared in a separate step and
adhered onto the transparent layer 16 through the reflecting
layer 17 and the ultra—violep curing resin layer 19 so that the
manufacturing of the optical disc is further simplified and
facilitated.

In the following, there is explained an optical disc
according to the third embodiment of the present invention, which
is provided with a recording layer instead of the reflecting
layer of the optical discs according to the first and second
embodiments. That is, the optical disc according this embodiment
is of a magneto-optical type.

The magneyo—optical disc described here can be manufactured
in the same manner as those of the first and second embodiments.
Therefore, an explanation therefor is omitted here.

As shown in Fig. 12, the magneto-optical diéc 21 according
to the third embodiment of the present invention has a
transparent layer 22 having a smali thickness, for example, 0.1

mm. For this reason, an obJect1ve lens 24 of the optical pick-up
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of the optical pick-up device as shown in Fig. 13. Fig. 15 is a plan
vi ew showi ng the objective |lens systemas shown in{F] DETAI LED
DESCRI PTI ON OF PREFERRED EMBODI MENTS The pref
present invention is described be|OM/8¥ referring
drawi ngs in which an optical recording nedi um produced aCCOFOI'
production nethod of the present invention is illustrated. In the
preferreq enpbodi nents des r|b d here is .jillustrated. an optical
fii sc of SBEACE PYhE Bagasis Eﬁrlaa%% RELSR 1 ] Bhe SPUmLS S REbeST ng
ubon 2 GRP! daheCls fhe reé%e%anqna& Lot fdom [ 2dhahib ) Qh ashaser

beam ont

transparent layer side opposite to the recording layer 23. This
enables reduction in size of a recording and reproducing
apparatus used for recording and reproducing the magneto—-optical
disc 21.

As described above, in the production methods for the
obtical discs or the magneto-optical disc @according to the
preferred embodiments of the present invention, a total thickness
thereof can be reduced as compared with the conventional ones.
For this reason, the optical or magnet—optical discs according
to the present invention can be used_in a reproduction opticai
pick—-up device equipped with a condensing system having a larger
condensing rate than conventional ones whose condensing system
is composed of only an objectivg lens.

An optical pick—up device usable for reproducing the optical
or magneto—optical disc according to the present invention is
explained below by referring to Fig. 13, The optical pick-up
device 30 includes a laser diode 31 as a light source for
emitting a laser beam. The laser beam emitted from the laser
diode 31 passes through in turn a diffraction grating 32, a
polarizing bea@ splitter 33, a 1/4 (quarter) wave plate 34 and
a collimator lens 35 and is incident on an objective lens system

"36. The incident laser beam is converged through the objective
lens system a signal-recording surface of the optical disc 26.
The laser beam is then reflected from the signal-recording
surface of the optical disc 26 and passes back through a

condensing lens 40 to be introduced into a photq—detector.as a
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recording nmedium In the first enbodi ment, a trans
t hi ckness of about 100 [err]mis used while, in th
transparent |ayer having a thickness of 0.5 mm or Tudegl

General |y, when the optical disc is injgction-nol deth—a—l pertion
t hereof where a center bore is to be fornmed has a smaller t kT
tthe remai ni ng base portion of the optical disc. By this, a cooling rate

of the Cf%gﬂéﬂdé%ggé*ﬁkiéiement from which an output of a_reproducéﬁon'
pronoted as conpared with that of the remmining base portion to

signal corresponding to the information signal is generated.

parent | ayer having a
P Iinge bodi ment, the

The laser beam emitted from the laser diode 31 is a linearly
polarized laser beam which is then diffracted through the
diffraction grating 32. The. laser beam proceeds through the
polarizing beam spiitter 33 and the 1/4 (quarter) wave plate 34.
At the 1/4 (quarter) wave plate 34, the diffracted laser beam is
changed to a circulérly polarized beam and then passes through
the collimator lens 35. When passing through the collimator lens,
the laser beam is converged into a parallel ray and incident on
the objective lens system 38.

The objective lens system 36 is cehposed of an objective
lens 37, a correcting plate 38 and a semi-spherical lens 39 as
a convex lens. The objective lens system 36 can converge the
incident laser beam on a point F, which is located on the signal-
recording surface of the optical disc 26, without occurrence of
an optical path difference. The correcting plate 38 corrects the
incident laser beam such that the laser beam passing through the
correcting plate 38 toward the optical disc forms a spherical
wave having a center approximately located at the ﬁoint F. The
semi—-spherical 1lens 39 has a spherical surface 3%a whose
curvature centgr is approximately located at the point F, and a
flat surface 39b.

| The detailed structure of the objective 1lens 36 is
illustrated in Figs. 14 and 15. Fig. 14 is a sectional view of
the objective lens system 36 and Fig. 15 is a schematic plan view

of the objective lens system 36 when viewed from a side of the

optical disc 26.
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thereby prevent occurrence of after-tack or si nk mark—e e nol ded resin.
That is, the thin central portion functions as a s JM&SHFE:SQ

. . L . S

rapid curing. The provision of the thin central po Eﬁly
results in elimnating a birefringencgjyof the optical di i gvi ng a
transfer capability. The narrow centraP portlon where the center bore of

the optical disc is provided, is called "gate" and finally renoved from

the remaini n@‘k@?@b?@éﬁi@é‘ h%nSt 2P Bga Ahe £68HEELing e 1ldtd g@Ntaral
portion gives no influence on a final shape of the optical disc. Wen the

t hi cknesseairddietqgaselieastuatrhel 4raramivashevdrdted af osme- menihgned famycti on
as a stopper can be expected nore certainly. However, in this case, there
occurs diadtarorpmiliihomts e lemyre® deft efriemdmimad 'Ifheomﬂﬂsm}leo‘flcalr dsins t o
39 is fixedly mounted on a slider 42. The slider 42 and the lens-~
barrel 44 are connected with each other through a plate spring
43 and have a translatory freedom in the direction of the
thickness of the optical disc 26 and a freedom capable of
following the inclination of the opticﬁl'disc;%G. The slider 42
is forced against the optical disc 26 by a biasing force of the
plate spring such that a sliding surface 42a of the slider 42 is
slidably moved over a light-incident surface 26b of the optical
disc 26. At this time, the plate spring 43 does not have a
translatory freedom in the direction ﬁarallel with the 1light-
incident surface 26b of the optical disc 26 so as not to cause
a relative displacement between the objective lens 37 and the
Qemi—spherical lens 39. The slidiﬁg surface 42a of the slider 42
is disposéd approximately in parallel with the flat surface of'
the sémi—spherical lens 39. The sliding surface 42a and the flat
surface 38b may be located at the same plane unless the semi-
spherical lens 39 is in contact with the optical disc .26.
Actually, the flat surface 39b of the semi-spherical lens 39 is
offsef by seveyal microns from the sliding surface 42a of' the
"slider 42.
An operation of the objective lens 36 is described below.
The laser beam incident on the objective 1lens 37 is
converged by the objgctive lens 37 and reaches the corrécting
plate 38. The correcting plate 38 has a predetermined thickness

and a predetermined refractive index such that the laser beam
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be nolded. In addition, the same problemis pronmoted when it is intended

to make a thickness of the base portion of the opti, c thinner. On
t he other hand, when the gate is w dened, undesir ' and
deterioration in the transfer capabiljgty are |ikel hEgh | an

optical disc having a snall thickness 1s -producible.
foregoing, a general concept is described with respect to a role plrayed by

the gat ecdui @ oult] ERELOPr ORI Hd G oRdenlsRe PREFESY fUr$fe a spher AedUaldwe” When
the gate is wdened, the optical disc having a dianmeter up to 120 nm and

a thicknessing d cehtdr Mecaardbat tabt abaad M t hs ad goorli wed edbappeartance.

However, in this case, there occurs birefringence and deterioration in

t ransf ersphenil |surfacenddr theesemirsphestiandedena 8painge ofentrr gafte is
.curvature approximately aligned with the point F. The refractive
ihdices of the optical disc 26 and the semi-spherical lens 39 is
set to predetermined values which are approximately identical to
each other. For this reason, the laser beam from the correcting
plate 38 is vertically incident on the spherical surface 39a of
the semi-spherical lens 39 and converged to form a spherical wave
having a center located at the point F.

The objective 1lens 37 has a numerical aperture NA
represented by the equation: NA = sin® where 8 is an angle made
by the objective lens 37 when viewed from a minimum spot SMn' If
the semi—spherical lens 39 and the opticél disc have a refractive
index N, the numerical aperture NA of the objective lens system
368 is represented by NA = Nsin®. Accordingly, when such an
objective lens system 36 is used, a spot size 6btained from the
objective lens system 36 as a whole is 1/N times the spot size
obtained from the objective lens 37 only, whereby a reproduction
density of the optical disc 26 is increased.

Next, an operation of the objective lens system 36 is
explained concerning the case where the optical disc 26 is
inclined relative to an optical axis Lyof the objective lens 37.

Even though the optical disc 26 is inclined relative to the
optical axis Loof the objective lens 37, since the sliding
surface 42a of the slider 42 is in sliding contact with.the
light-incident surface 26b of the optical disc 26 by the biasing

force of the plate spring 43, the curvature center of the semi-

This Sheet Has Been Replaced

AR




REPLACEMENT SHEET HER
mmto 0.3 mm whereby the optical disc having reducég cirm@&k
i nproved transfer capability can be obtained in case it Nas—s
0. 6 mMm Accordingly, when it is intenpged to obtain the optical
having a thickness of 0.5 mmor |ess and a good signal characteristic, the
spacing of the gate is required to be 0.1-0.2 nmor l|less. This condition

i s makesphied IROSSidHse 390 iR @dyqa e atphi £pbrek shatd BEtdC Ay .opthidtal i S,

under such a condition, a injection speed of the resin is considerably

limted &yis¢He qfatthesobljleatt iveelersi 37 cafvwtithrisackason, the laser beam

| coming out from the éorrecting plate 38 is vertically incident
on the spherical surface 39a of the semi-spherical lens 38 so
that no optical path difference occurs. As a result, there occurs
no coma aberration irrespective of the numerical.aperture of
Nsin® of the objective lens system.

Accordingly, the use of the optical ;gecording medium
according to the present invention enables an optical pick—-up
device of such a type as shown in Fig. 13 to be apﬁlicable, by
which a high density reproduction can be achieved. In addition,
when the optical device 30 is employed, there can be obtained a
large tolerance with respect to warpage of the optical recording
medium upon its manufacture and due to absorbed moisture; and a
vield of manufacture of the optical disc and a selective freedom
of a material for the optical disc can be increased. Moreover,
in a drive mechanism of an optical ﬁiisc; large tolerances
concerning the relétive perpendicular arrangement between an
optical axis of the optical system'forhthe optical pick—up device
and a mounting surface of the optical disc, and concerning an
feed accuracy of the optical pick—ﬁp device can be achieved,
whereby reduct;on in cost for manufacturing the optical disc
drive mechanism can be accomplished.

Meanwhile, as will be appreciated, the optical recording
medium and the production method therefor according to the
present invention are applicable not only to those described in
the afore-mentioned first to third embodiments but also to

optical discs of such a type in which transparent layers and
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an outer peripheral portion of the optical disc. As a result, the optical
di sc having a desired dianeter cannot be obtained. This is the reason why
the optical disc having a thickness of 0.5 nm or |ess cannot be produced
conventional ly. Possi bl e measures,{or obtaining the optical disc
having a thickness of 0.5 mmor |ess are suggested bel ow. One of the
measures includes a nethod in which reproduction is carried out a back

si de of sdgshdpedcoudingat ayand ameubrpaidedi oheoppasiig séden itheceated by
using a spin-coating nmethod or the |ike and then cured. In this case, to
t he conefgr fhe pradugpipraletined RRSTAfCBs | arge a thickness as 1 mMmis

LT Ul O g B Sies “Pb ™ Y et PECS 36 BB Tpho " Sy HrllBrness
invention, since the transparent layer has as small a thickness
as, for example, 0.5 mm or less, a high density reproduction can
be achieved. In additién, in the magneto—optical recording medium
according to the present invention, since the magnetic field
modulation coil and the optical pick—-up device can be disposed
on the same side on which the transparent layer is provided,
reduction in size of the recording and reproducing apparatus can
be achieved.

‘Moreover, the use of the optical recording medium and the
production method therefor enables the use of the objective lens
system having a large numerical aperture NA, a high density

reproduction is furthermore promoted.
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I nci dental ly, iLM” -MT”Té”to-anrease the thickness of the optical disc
by providing ove® ”W 1 wever, non- uniformty is inevitably
S

creat ed upon coating af er and thereby proneted. This also fails
obtai ning the optical disc "having a thickness of 0]5”ﬁﬁm®&5+é§§ﬁgﬁq0 her
measure includes the use of other sheéf or film | HmﬂACED'LFrr;

LS )

the optical recording mediumaccording to the first preterred-esbedinent
of the present invention is explained by
What ia claimed is:
1. An optical recording medium capable of recording and/or
reproducing an information by using a laser beam, comprising:

s support layer having an information signal-recording
portion on one side gurface thereof on which said laser beam is
incident; and |

a transparent layer disposed over salid support layer and
haviné a thickness smaller than that of said support layer.

2. The optical recording medium according to c¢laim 1, further
comprising a reflecting layer inteiposgd between said support
layer and said transparent layer.

3. The optical recording medium according to claim 1, wherein
said information signal-recording portion -is composed of =a
magnetle recording film. |

4, The optical recording medium according to c¢laim 1, wherein
sald transparent layer has a thickness not more than 0.5 mm.

5. The optical recording medium according to claim 1, wherein
said transparent layer has a thickness of about 0.1 mm.

6. The optical recording medium according to claim 1, wherein
said transpareﬁt liyer is composed of an ultra-violet-curing
resin layer.

7. The optical recording medium according to claim 1, wherein
said transparent layer is a transparent flat plate and is
disposed through a transparent adhesive layer on said reflecting

layer,

8. A method of producing an optical recording medium, comprising

the steps of:

pouring a material for & substrate into a press while
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LT -



referring to Fig.--3:- -~ - The optical disc 1 according to the first
enbodlnent of vention includes a suppo; er 2 mhlch S
made of, ‘“ﬁﬂrml[fm ﬂmmmr bonate and has a thick eé’élSOS‘HEl;T '

whi ch pItS are trcansfefred By a injection-nolding netthod, REpr
film3 conposed of an alum num | ayer hgving a thickness o
formed over the support layer, and a transparent |ayer 4 having a
t hi cknesggef irgbeiild kU8 jeetih® aRd mhoered1byoda SPhilp €088 i) meEldiatl to

Upon manufacture of the optical disc according to.the first enbodi nent of
the prestmtmitheersubstratieeheving tequsfedrad phfoshationfpstepshermdnidi ng a
master disc-formng step as shown in Figs. 4Ato 4G an injection-nolding
step as shownferrimgs redAentd BB layed @viedr shdd supstrasem agdstep as

shown in Fig._ 6A
forming a transparent layer capable of permeating a laser

beam and having a thickness smaller than that of said substrate
over said reflecting layer
9. The method according to claim 8, wherein said transparent
layer is produced by spin-coating an ultra-violét curing resin
and then éuring said spin-coated ultra-violet curing resin.
10. The method according to claim 8, wherein said transparent
layer is produced by subjecting an optically transparent hard
substance to a vapor deposition or sputtering.
11. The method according to claim 8, wherein said transparent
layer is produced by adhering a polycarbonate film‘or a glass
plate onto said.reflectiné layer through an ultra-violet curing
resin.
12. The method according to claim 8, wherein said transparent
layer has a thickness of about 0.1 mm.
13. The method according to claim 8, wherein said reflecting
layer is grown and deposited on said information pits in the
direction perpendicular to a surface of said optical disc.
14. The methoq according to claim 8, wherein said information
pits each have a size enough to correct a deformation thereof
occurring upon formation of said reflecting layer.
15. A method of producing an optical recording medium, comprising
the steps of:

pouring a transparent resin into a press while heating, and

subjecting the resin to a compression molding process to form a

This Sheet Has Been Replaced

AR




to 6C, in whj g layer 3 is formed by sputtering of alum num
Al and the t |iﬂ.& ilu@ ! 4 is fornmed by a spin-coating nethod.

In the naste ep, a glass substrate 6 as shown in Fig. 4A

is coated with a reS|st 7 as shown in Fig. 4B. The resist-coated gl ass
substrate 6 is exposed to a radiationygf a laser beamas shown in Fig. 4C
and then subjected to a developing treatnent as shown in Fig. 4D whereby
pits or tgaaepesend laybor mediag arsusfececaf ihbermnesish- poakedhsubsht ate 6.
The substrate is successively subjected to an elettroless plating
treatment asfol@ingia réifd.ecsingol dpemevensdidt ivtofndhion gritishdorpabistrate

6. Thereafter, as shown in Fig. 4F, the substrate 6 is
on sa1d transparent layer; and

adhering said transparent layer onto a substrate having a
thiékness larger than that of said light-permeating layer through
said reflecting layer.

16. The methad according to claim 15, wherein centering of é
center axis of said optical disc is performed ypon formation of
said transp;rent layer.

17. A method of producing an optical recording medium capable of
writing an information thereon and reading the information
therefrom by using a laser beam, comprising the steps of:

forming a magnetic recording film on one side surface of a
substrate on which said laser beam is incident; and

forming a transparent layer having a thickness smaller than
that of said substrate over said magnetic recordiﬁg film.

18. The method according to claim 17, wherein said transparent

layer has a thickness of about 0.1 mm.
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12 subjected to an electro-plating treatnment to deposit a nickel |ayer
serving as a nmaster disc 10. The thus-produced master disc 10 nmade of

ni ckel is renoved fromthe glass substrate 6 and utilized in a subsequent
i nj ection-nol ding step. In the injection-nolding step, as shown in
Fig. 5A, the N master disc 10 whichagerves as a stanper is placed in a
press. IORTICAL (RECORDING MEIITM ANR: MNETHOD (@F RRORUCENG\SAMNEl tenperature

i S pour egbgahdTher Sy eatsed.osgra conpression nmolding nethod to nold the

di sc support layer 2 as shown in Fig. 5B. As described above, the disc

support | ayerar? optibel opecealifligSGnedium capable of recording and/or
reproducing an information by using a laser beam, comprising: a
support layer having an information signal—fecording portion on
one side surface thereof on which said laser beam is incident,
and é. transparent layer disposed over the support layer and
having a thickness smallef than that of the support layer. In
accordance with the present invention, there are further provided

production method for optical or magneto~optical discs whereby

a high density reproduction can be-achieved.

Figure 3
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according to the first enbodi ment has a thickness of 1.2 mm Next ,
referring to Figs. 6A to 6C, there is explained a further |ayer-formng
step in which a reflecting layer 3 is deposited over the disc support

| ayer 2 by sputtering of alum num and then a transparent |ayer 4 is forned
over the reflecting layer 3. First, the disc substrate 2 is subjected to
sputtering to deposit an alum num |l ayerystmving a thickness of about 500 A
as shown in Fig. 6A whereby the reflecting layer 3 is formed on the disc
substrate 2. Upon formation of the reflecting layer 3, as shown in
Fig. 7A the alum numdeposit layer is grown in the direction

perpendi cular to a surface of the disc substrate where a shaped pit PO is
formed, so that a read-out pit Pl forned on the

L —51
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reflecting layer 3 has a shape identical to that of the shaped pit PO.
Thi s perpendicular gromh of the reflecting |ayer 3 prevents fornmation of
the pit P1l' whose shape is inconsistent wth that of the shaped pit PO.
Alternatively, as shown in Fig. 7C, a relatively |large groove is
prelimnarily provided on the 13

Ni master disc 10 to forma correspond2pgky | arge shaped pit PO on the

di sc support |ayer 2 whereby a possible deformation of the reflecting

| ayer 3 can be corrected properly. However, in this
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case, the reflecting layer 3 nust be uniformy fornmed over an entire
surface of the disc support |ayer 2. Next, as shown in Fig. 6C, the
transparent |ayer 4 having a thickness of about 100 [err]mis formed on
the reflecting |layer 3 by spin-coating nmethod. Specifically, an
ultra-violet curing resin (UVresin) is coated over the reflecting |ayer
to formthe transparent |ayer 4. Upon3fyaermation of the transparent |ayer
4, a thickness thereof is controlled by varying a revol ution nunber of a
spi nner used for this purpose. The coating of the ultra- violet curing
resin can be performed several tines to obtain a desired thickness of the
transparent |ayer 4. Alternatively, the transparent |ayer 4 can be
produced in the foll owi ng manner. For exanple, an optically transparent
har d substance such as an anorphous carbon nay be subjected to a
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physi cal deposition nmethod such as sputtering, or a chem cal deposition
nmet hod. Further, a separately prepared transparent | ayer 4' such as a
pol ycarbonate filmor a glass plate can be bonded onto the reflecting

| ayer 3 by using an ultra-violet curing resin. In this case, as shown in
Fig. 8, upon subjected to the injection-nolding, centering of a chucking
center hole 27 of the disc support |a4#£k22 is carried out sinultaneously
to facilitate subsequent adhering step and elinm nate conplicated

positioning of the center hole 27 when the transparent |ayer 4 S
adhered onto the reflecting |layer 3 forned on the disc support | ayer 2.
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14 In the afore-nentioned first enbodi nent, the disc support |ayer
2 is produced in the formof an injection-nolded substrate. This is
because such a substrate can be easily produced by using a conventional
process, equipnent, materials or the like. Thus, since the disc support
| ayer 2 has no requirements for optical characteristics such as
perneability and birefringence, any sgpsprate is usable for this purpose
as far as it is nade of a nmterial capable of formng the pits or guide

- grooves thereon by transferring upon nolding and having a sufficient
mechani cal strength. Accordingly, the disc support |ayer 2 can be forned
of
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such a material as netal or glass whereby reduction in entire thickness of
the optical disc including the transparent |ayer can be achieved and
further the deformation of the optical disc is l|limted to a |ow level.
Meanwhil e, a relation between a nunerical aperture NA of the objective

| ens used for reproduction, a wave length [err] of a |laser beamwhich is
radiated to forma reproduction spot og/4be optical disc, and a spot size
[err] is represented by the foll ow ng equatlon [err] = 1.22
x Al NA As apparently understood fromthe above equation, as the
nunerical aperture NA is increased, the spot size [err] becones smal | er.
Accordi ngly, when an objective I ens having a | arge nunerical aperture is
enpl oyed, a high density reproduction can be achi eved, nanely a high
density optical disc can be reproduced
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by using such an objective | ens having a | arge nuneri cal aperture.
However, the nunerical aperture NA gives an influence on a tolerance for
inclination of the optical disc in addition to the spot size. That is,
the tolerance for inclination of the

15 optical disc is in proportion to [err] where t represents a thickness
of the transparent | ayer. GEneraIk* oWhen the optical disc is

inclined relative to the optical syste a coma aberration is generated.
In this case, a
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wave front aberration coefficient Wis represented by the follow ng

equati on: W= 1/2-t-{(Nerr]-1)Nerr]
sin[err]cos[err]}/ (N err]-sin[err])[err]NA[err] whereint represents a

t hi ckness of the transparent layer, Nis a refractive index and [err]
represents an inclination angle. For exanple, the numerical aperture
NA is.changed fromO0.45 to 0.60, a skewizargin is reduced fromO.60[err]
to 0.25[err]. In order to restore the reduced skew nmargin, the thickness
of the transparent |ayer nust be reduced. However, conventionally, as
descri bed above, the transparent |ayer has a thickness of 1.2 mm |In
consequence, increase of the nunerical aperture NAis restricted so that a

hi gh density reproduction and a high quality of the reproduction out put
cannot be achi eved.
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On the other hand, in the optical disc according to the first enbodi nent
of the present invention, the tranparent |layer has as small a thickness as
about 100 [err]m for exanple, by applying an ultra-violet curing resin by
using a spin-coating nethod. As a result, even though the nuneri cal
aperture of the objective Iens of the optical pick-up device is |arge,
deteri-oration of the reproduction signal9/d® to a coma aberration is
prevented from occurring whereby a high density reproduction of the

i nformati on signal can be achieved. Next, an optical disc according
to the second preferred enbodi ment of the present invention is described
by referring to
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16 Fig. 9. The optical disc according to the second preferred

enbodi nent has a transparent |ayer 16 which is forned of an

i nj ection-nol ded pol ycarbonate resin and has a thickness not nore than 0.5
mm and on which information pits is forned by transferring froma naster

di sc. Fornmed over the transparent layer 16 is a reflecting layer 17 which

is analuminum | ayer deposited by sputi@flag nethod and having a thickness
of about 500 A The transparent |layer 16 is adhered onto a disc support

| ayer 18 havi ng an adequate mechanical strength through the reflecting

| ayer 17 and further an ultra-violet curing resin 19.
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The ultra-violet curing resin 19 serves as an adhesive layer. It is
desirable that a total thickness of the adhesive |ayer 19 and the disc
support layer 18 is not less than 0.7 nmm - The manufacture of the
optical disc according to the second preferred enbodi nent of the present
invention, needs simlar steps to those including the master disc-formng
step as shown in Figs. 4A to 4G the Lhy&8tion-nol ding step as shown in
Figs. B5A and 5B and the further |ayer-formng step as shown Figs. 6A to
6C and Figs. 7A to 7C. Thus, the reflecting layer 17 is produced on the
transparent |ayer 16 by sputtering of alum num and further is adhered onto
the disc support |ayer 18 by using the ultra-violet curing resin 19, as
shown in Figs. 10A to 10C. The master disc-form ng step of the
optical disc according to this enbodi ment can be perforned in the sanme
manner as that
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used in the first enbodi nent and therefor a detailed explanation therefor
is omtted here. In the injection nolding step according to the
second 17 enbodi nent, the N

master disc 10 is first placed in the press 11 into which a polycarbonate
resin nelted at an elevated tenperature_is_poured, in the same manner as
shown-in Figs. 5A and 5B. However, in 13/L2case, not the disc support

| ayer 18 but the transparent layer 18 is subjected to the conpression
nmol di ng
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precess. The thus-conpression nol ded transpar
of 0.5 mm Incidentally, upon the formation o
-as shown in Fig. 11A, centering of a chucking ¢e r,ﬂ { of theidi
support layer 18 is carried out sinultaneouslylwh eﬁ g ?? ngpqr ent Iayer
16 i s adhered- onto . the disc support |laydr 18] to—tirereby—facli|itate the
subsequent adhering step and elimnate conpl §cated p03|t|on|ng of the

center hoker2g or THEE?NVENT&BR reflecting rs—deposited
over the ransparen ayer 16 by sputtering of alum num The transparent
layer 16 i gppadbar.cdrenko1iGeMdds oMs URPOMETHOY €OF IBROBYC NG adAMBdequat e

mechani cal strength through the reflecting layer 17 in the follow ng
manner. First, as shown in Fig. 10B, sputtering of

"RERLACEMENG SHEETa| 1 h(cRhésso

trie: Lranspar“1t Iayen|L6T

BACKGROUND OF THE INVENTION
Field of the Invention:

This invention relates to an optical recording medium and
a method of producing the 6p£ica1 recording medium, and more’
particularly to an optical recording medium capable recofding
and/or reproducing an information signal on a signal recording
medium by radiation of a laser beam and including-a transparent'
layer through which the laser beam is radiated on the signal
recording layer, and a method of producing such an optical
recording medium.
Prior Art:
As shown in Fig. 1, a conventional recording medium such as an
optical disc, includes a transparent layer -51 having a thickness
of, for example, about 1.2 mm. The transparent layer 51 has on
one side surface thereof information pits or guide grooves
constituting a signal recording region or portion. On an outside
of the signal recording region or portion, there is in turn
provided a reflecting film lqyer 52 and a protective fil@ layef
53 for profecting the reflecting layer 52. The information pits.
or guide grooves are radiated with a laser beam condensed by an
objective lens 54 of an optical pick-up device. I n a
duplication'step of the manufacture process for the optical disc
such as a compact disc, a stamper prepared in a preceding
mastering step is mounted to a press. Successively, a resin

material for a substrate such as polycarbonate is poured into the



alumnumis carried out to deposit the reflecting | &EP&‘)'C%WL(?HEET
t hi ckness of about 500 A over the transparent |ayer {16} Next, as sjown I n

"Fig. 10C, the transparent |ayer 16 is adhered onto he Bi%e/AN | pyer
18 through the reflecting layer 17 and a |ayer nadef ol _an ultra-vid ef
curing resin. In this case, since a i gt perneabiljty through the

alumnumreflecting | ayer having a th| ckness of 500LA.LS.Ll o9%or™iess

curing tinmg %erﬁfzg]]ebﬁ&m tg,?d % f@gggg%%ﬂ%e,co%&@s%&%%%&fdﬁdke

refl_ectlng ayer IS res |cte A which I's a m ni num value
required tQ.gREALN & Necgasacy ref b‘i%t'ﬂﬁt%’@rﬁfb@' eHfe Istamper onto the

substrate. This substrate also serves as the transparent layer
51. Since a light permeates through the substrate as the
transparent .layer 51 , it is necessary to providé a reflecting
layer 52 made of aluminum by using a vacuum deposition method.
The reflecting layer 52 is further  over—coated with the
protective film 53 to 'prevent damage to.the feflecting layer 52.

Accordingly, as viewed from the side of the objectiveslens
54-of the optical pick-up device, the laser beam for reproductioﬁ
is first radiated on the information pit'through the transparent
layer 51 having a thickness of, for example, 1.2 mm. The light
reflecting on the information pits then moves_back through the
transparent layer 51 so that the necessary information can be
read out from the optical disc.

A thickness of the transparent layer 51 serving as a
substrate has a close relation with deformation due to stress,
heat and moisture, especially inclination which is called "skew,"
and characteristic of the laser beam condensed on the information
pit, especially a coma aberration. Assuming that the skew of the
optical d;sc is maintained constant, the transparent layéblhaving
a smaller thickness contributes to formation of a.spot‘With a
smaller aberration.

Meanwhile, recently, there is an inéreasing demand for a
high—density oﬁtical disc. The high densification of the éptical
disc can be achievéd by increasing a numerical aperture NA of the
objective lens of the optical pick-up device and lessening a

track pitch of the optical disc. In this case, there remarkably



18- addition, a hot-melt adhesive can be used instead df REPREAGEMENT SHEEDI jet

curing resin. Thus, in the opti'cal disc according {to

“enbodi rent of the present invention, there can be obt g n dD@h%Aﬁf ér nt
| ayer having a thickness of about 0.5 mm_ As a result, jev though a
nunerical. aperture of an objective |ens 2 used in the | o

device is.-large, deterioration of a reproduction signd due to a cona

Aol SR, PIANE N B 2RO L N endMIELFDY AT ORIEI e ™ i

reproduction can i eve I n e Secon adi ne

support | ayfde A 814 NAmBunr et @l Nggdot hivaldiesenks H&parigd thﬁ‘ta1ned
separate step and adhered onto the transparent |ayer 16 through t

reflecting constant, and deterioration of reproduced signal due to the

increased aberration. However, in the case of the transparent
layer having a thickﬁess of 1.2 mm, the problem cannot be
overcome unless the transparent layer is made of an extremely
fla% and non-deformable material'such as a glass plate.

In éddition, taking into consideration a magneto—optical
disé in which the afore-mentioned reflecfing layer ié replaced
with a recording layer made of a recording material, as shown in
Fig. 2, since a transparent layer 61 has a thickness of 1.2 mm,
an external magnetic field from a magnetic field modulation coil
b5 is upavailable to record and/or reproduce information signal
on the recording layer 62. In consequence, the magnetic field
modulation coil 55 must be disposed on a side of a protective
layer 63 opposite to a side where the transparent layer 61 and
the objective lens 56 of the optical pick—up device are provided.
As a result, such an.arrangement limits reduction in size of a

recording and reproducing apparatus in which the magneto-optical

disc is used.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide an optical recordipg medium capable of high density
reproduction of information stored.thereoni

It is another object of the present invention to provide a
method of producing such an optical recording medium,'in which

productivity thereof is highly improved.



RCFLALEMENT oHEE |

Iayer' 17 and the ultra-violet curing resin layer 19 so tHatfthe

manuf acturing of the optical disc is further sinplified gnd 0 Scinaim 48934,
‘In the following, there is explained an optical disc acgording to the
third embodi ment of the present invention, which is proJided with a
recording |ayer instead of the reflecting |ayer of the dptjical discs

according to the first and second enbodinments. That is, the optical disc
according this ebddi fedfurtheropblentyest shepprespntypavention theprovide
magnet o-opti cal, di sc descrjbed here can be manufactured in the sane

manner as 3hERFIFaL Reqanddng eddmy o BnBagnRERroPticelot¥psr earakle of

' ' in Fig.., 12, the
ﬁgglng? gE g%ﬁri:g?&ﬁig rlf%u%?'tte?ﬂgerseize of aAS rser}:Oc\.Axl'ndir{]g and reproducing

apparatus therefor.

In a first aspect of the present invention, there is
provided an optical recording medium capable of recording and/or
reproducing information by using a laser beam, comprising, at one
side, a substrate layer, and, at the other side, a transparent'
layer, which in use is to be penetrated by a laser beam, with
information signal-recording means disposed therebetween,
characterised in that the medium comprises no more than four
layers of material and in that the transparent layer has a

thickness smaller than that of the substrate layer.

In one type of recording medium in accordance with-the
invention the information signal-recording means comprises
information pits formed in a surface of either the substrate
layer or the transparent layer, between facing surfaces of said
layers, as well as a reflecting layer interposed between the
substrate layer and the transparent layer, overlYing the

information pits.

One method of producing an optical recording medium of the
aforesaid type comprises the steps of pouring a material for a
substrate layer into a press while heating andsubjecting the
material to a compression moulding process so as to form the

substrate layer with transferred information pits thereon,



to the third enbodi nrent of the present invention has a t

22 having a small thickness, for exanple, 0.1 mm For tFis'r'gs
" objective lens 24 of the optical pick-up fu ﬂgﬁ'ﬁﬁg

19 device and a magnetic field nodul ation coil 25 are pog

REPLACEMI:N T SRE
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i tY-emed—an_.the

same side of the magneto-optical disc 22, namely on the
side opposite to the recording |ayer 23. This enables re

ransparent | ayer
OCtof—h—size. 0f

a recor di igrahugr aprefleictdngagpyien evercthe oinfernation

R sr orawdciin

t he magneto-optical disc 21.

the substrate layer, and forming a transparent layer capable of
being permeated by a laser beam and having a thickness smaller

than that of the substrate layer, over the reflecting layer.

However, an alternative method of producing an optical recording
medium of the aforesaid type comprises the steps of pouring a
transparent resin into a press while heating, and subjecting the
resin to a compression moulding process to form a transparent
layer having transferred information pits thereon, forming a
reflecting layer over the information pits formed on the
transparent layer, and adhering the transparent layer over a
substrate layer of greater thickness than itself by way of the

reflecting layer.

In a second type of recording medium in accordance with the
present invention the information signal-recording means is
composed of a magnetic recording film. A method of producing an
optical recording medium of this type comprises the steps of
forming a magnetic recording film on one side of a substrate on
which the laster béam is incident; and forming a tréﬁsparent
layer having a thickness smaller than that of the substra£e over

the magnetic recording film.

The optical recording medium according to the present
invention, is provided with a transparent layer having a smaller
thickness, for example, 0.5mm or less, as compared with that of

the support layer. As a result, even though a numerical aperture



As described above, in the production nethods for the| RpPLAGHMENTs SHEGF the
magnet o-opti cal dist according to the preferred enbodi
i nvention, a total thickness thereof can be reduced
conventional ones. For this reason, the optical or

according to the present invention cag be used in a rg

conden5| nof ra eoljeat v \danis aiseld dnethehgsel cah deick . S TaETge)s ed
of only an objective |ens. An optical pick-up deV|ce usable for

repr oduci dgtensovptiocnl ofon regneducbponcaliguadcduectedangone abermaddent
invention is explained below by referring to Fig. 13, The optical_ pick-up
devi ce 30caRc|beeslimikedr §Poda 31oWs ieveyit Wherebyfoma high density

reproduction can be accomplished.

These and other objects, features and advantages of the
present invention will become more apparent from the following
detailed description when read in conjunction with the-

accompanying drawings and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view schematically showing a structure of a
conventional optical recording medium.

Fig. 2 is a view schematically showing a structure of a
conventional magneto-optical disc.

Fig. 3 is a view schematically showing a structure of an



emtting a |l aser beam The |aser beamemtted fromthe |a§§r’;“%§“6%f§ ﬁ‘EET

passes through in turn a diffraction grating 32, a poljar zb%g beam

" splitter 33, a 1/4 (quarter) wave plate 34 and a collinatjorbPeddM34838ng |
i ncident on an objective lens system 36. The incident lfa beamis

converged through the objective I|ens systema. signal-rgcording surface of

the optical disc 26. The |aser beamis fhen reflected flvemthe

signal -recording surface of the optical disc 26 and passes back through a

condensi R@tieAd recesdbesi Aevéaacaacraddng phot of tetecamhodiment of the

20

present invention.

'Figs. 4A to 4G are views continuousl& showing master
disc—forming steps in manufacturing process of the optical disc
according to £he first embodiment of the present invention.

Figs. 5A and 5B are views showing injection-molding step;
ih manufacturing pfocess of the opticdl disc according to the
first embodiment of the'present invention.

Figs. 6A to 6C are, views sﬁowing reflecting film— and
transparent layer—forming steps in manufacturing process of the
optical disc according to the first embodiment of the present
invention.

Figs. TA to 7C are views showing reflecting layer—forming
steps in manufacturing process of the optical disc according to
the first embodiment of the present invention.

Fig. 8 is a view showing a manher for carrying out'centering
of a center bore of the optical disc according to the first
embodiment of the present invention, when the transparent layer
is adhered to the disc substrate.

Fig. 9 is a view showing a structure of an optical disc
according to a second embodiment of the present inventiaﬁ.

Fig. 10A Fo 10C are vigws showing reflecting 1ayer—f6rming
and disc substrate—forming steps in a manufacturing process for
the optical disc as shown in Fig. 9, according to the second
embodiment of the present invention.

Fig. 11A and 11B are views showing a manner for carrying out
centering of a center bore of the optical disc according to the.

second embodiment of the present invention, when the transparent
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| ight-detecting el ement from which an output of a reprpqgREp|]| S+ '
~corresponding to the information signal is generated. . !}EQM ,T% am

emitted fromthe laser diode 31 is a linearly polarizgd Igaer beam whj c
is then diffracted through the diffraction grating 32 [h akey &']Ea
h

proceeds through the polarizing beamsplitter 33 andd: 1.4 (quarter
e

=)

wave plate 34. At the 1/4 (quarter) wavé plate 34, t diffracted | aser
beamis changed to a circularly polarized beam and t hrer—passes—thraugh,
t he col | ilnyteor ilsemgsiheredWientpesdisg shbstghtehe colli mator | ens, the

| aser beamis converged into a parallel ray and incident on the objective
| ens system 361ig. 12 iFhe Wifedhoring s s§yacsérescof sag orpdRetoopPhhceal

objective lens 37, a correcting plate 38 and a sem -spherical |ens 39 as
. disc according to a third embodiment of the present invention.

Fig. 13 1is a schematic view shbwing an optical pick-up
device applicable to reproduction of the opt%cal recording medium
according to the gresent invention.

Fig. 14 is a sectional view showing an objective lens system
of the opticai pick—up device as shown in Fig. 13.

Fig. 15 is a plan view showing the objective lens system as

shown in Fig. 14.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS '

Thé preferred embodiments of the present invention is
described below by referring to the accompanying drawings in
which an optical recording medium produced according to a
production method of the present invention is illustrated.

In the preferred embodiments described below, there is
illustrated an optical disc of such a type capable of febroducing
information signals depending upon a quantity of a reflecting
beam resﬁlting from radiation of a laser beam onto the optical
recording medium. In the first embodiment, a transpareﬁz layer
having a thickqess of about 100 um is used while, in the second
embodiment, the transparent layer having a thickness of05 mm or
less is used.

Generally, when the optical disc is injection—-molded, a
central portion thereof where a center bore is to be formed has
a smaller thickness than the remaining base portion of the

optical disc. By this, a cooling rate of the central portion is



a convex lens. The objective | ens system 36 canjc ! SHEQL: dent.

| aser beamon a point F, which is located on th I pg surface
~of the optical disc 26, without occurrence of ference.
The correcting plate 38 corrects the incident t the

| aser beam passing through the correcting platje 38 toward the ogtical disc
forms a spherical mave havi ng a center %pproxi na t he point
F. The sem -spherical lens, 39.has.a SR rlcal surfa m@ u ature
Centor 1 OISO A AP 3t ol o e o THE EoRdia aE PRae"BEFE1eE 580

The det aw&deé}rapwéﬁtOhcwﬁrgnwctafvea%ﬁe 05— 3fck Sori ikt 3lAd &P Ehgs. 14

and 15. Fig. 14 is a sectional view of obj ective I ens system 36 and

Fig. 15 hSl1de$CReyRl | CTIRARNI Y| E¥he Of;hmecehtssllysrteaﬁ SUAELETLRS wbea
viewed froma side of the

stopper based on the rapid curing. The provision of the thin

central portion advantageously' results in eiiminating a
birefringence of the optical disd and improving a..transfer-
capability. The narrow central portion where the center bore of
the optical disc is provided, is called "gate" and finally
removed from.the remaining base portion by stamping. As a result,
the thin central porfion gives no influence on a final éhape of
the optical disc. When the thickness of the gatg is further
narrowed, the afore-mentioned function as a sfopper can be
expected more certainly. However, in this case, there occurs
another problem such as a deteriorated flowability of a resin to
be molded. In addition, the same problem is promoted when it is
intended to make a thickness of the base portion of the optical
disc thinner. On the other hand, when the gate is widened,
undesired birefringence and- deteriorﬁtion in the tfansfer
capability are likely to occur though an optical disc having a
small thickness is producible.

In the foregoing, a general concept is describéd: with
respect to a role played by the gate in ah injection—molding of
the optical disc.

Actually, when the gate is widened, the optical disc having
a diameter up to 120 mm and a thickness up to 0.35 mm can be
obtained with a good outer appearance. However, in this case,
there occurs birefringence and deterioration in transfer

‘capability. Under these circumstances, a spacing of the gate is



optical disc 26. The objective | ens 37 §$€L§R§ME%I;%gFan
plate 38 are secured to a lens-barrel 44 and prevente rgg&nnvin I nf ahy
direction without a degree of freedom The sem -spherika sJAM438%
fixedly nounted on a slider 42. The slider 42 and the Jebhs-..barre|l 44 afe
connected with each other through a platﬁospring 43 d have a transl atpry
freedomin the direction of the thickness of the opti disc. 26 and a

freedom capabl e _of . . L.
narrowed to 0.25 mm to 0.3 mm whereby the optical disc having

reduced birefringence and improved transfer capability can. be
obtaiﬁed in case it has a thickness of 0. 6 mm. Accordingly, when
it is intended to obtain the optical disc having a thickness of
0.5 mm or less and a good signal characteristic, the spacing of
the gate is required to be 0.1-0.2 mm or less. This'conditioh is
make it impossible to produce the optical disc practically. Thaé
is, under such a condition,_a injection speed of the resin is
considerably limited by the gate so that the résin canndt reach
an outgr peripheral portion of the optical disc. As a result, the
optical disc having a desired diameter cannot be obtained. This
is the reason why the optical disc having a thickness of 0.5 mm
or less cannot be produced conventionally.

Possible measures for obtaining the optical disc having a
thickness of 0.5 mm or less are suggested below.

One of the measures includes a method in which reproduction
is carried out a back si@e of a shaped substrate and an ultra-
violet curing resin is coated by using a spin-coating method or
the like and then cured. In this case, to the contrary, the
optical disc having as large a thickness as 1 mm is difficult to
produce. Even if a high viscous resin is used, the thickﬁéss of
the optical @isc is limited at most to 100 um (0.1- mm) .
Incidéntally, it is possible to ?ncrease the thickness of the
optical disc by providing overcoat layers. However, non-—
uniformity is inevitably created upon coating of each layer and
thereby promoted. This also fails obtaining the optical disc

having a thickness of 0.5 mm or less. Another measure includes

the use of other sheet or film.



following the inclination of the optical disc 26. Thg REPLAGEMENT guggfol ced
agai nst the optical disc 26 by a biasing force of th ptate—sp-Rg-surh
~that a sliding surface 42a of the slider 42 is slidab yum\ﬁWr a
|l ight-incident surface 26b of the optical disc 26. [Atjthis tihe\™tHe Jpl ate
spring 43 does not have a translatory freedomin the diTectTomrpardl |el
with the light- incident surface 26b of lhe opticall_disc 26 so as notf to
cause a reélative displacenent between the objective | ens 37 arm—the~—t .
seni - spheri calf 1%Hs 4d0e PRt ielginpgosGringe MefB amopcERRALPEgEp Ybe first
di sposed approxinmately in parallel wth the flat syrface of _the.
sem -sphe‘?’lpéééefrﬁ‘% se'ﬁ%‘.’ ’ﬂﬂgnél? i f1°s ReEER ta 2 VAT e 9 a?xPisj%’f 22eP%op

may be | olcﬁgﬁ]%g%tme stlaérp $l ane unless the sem - spherical lens 39 is in

contact w ptical” di sc 26.

The optical disc 1 according to the first embodiment of the

present invention includes a support layer 2 which_is made of,
for example, polycarbonate and has a thickness of 1.2 mm and on
which pits are ‘transferréed by a injection—-molding method, a
reflecting film 3 .composed of an aluminum layer héving a
thickness of about'%OO A and'formed over the support layef, and
a transparent layer.4 having a thickness of about 106 tm and
formed by'a spin—-coating method.

Upon manufacture of the optical disc according to the first
embodiment of the present invention, there are required a
plurality of steps including a master disc—forming step as shown
in Figs. 4A to 4G, an injection—-molding step as shown in Figs.
5A and 5B, and a further layer—forming step as shown iﬂ Fig. 6A
to 6C, in which the reflecting layer 3 is formed by sputtering
of aluminum Al and t.he transparent layer 4 is formed by a
spin—-coating method.

In the master disc—-forming step, a glass substrate 6 as
shown in Fig. 4A is-coated with a resist 7 as shown in ﬁig. 4B.
The resist—coated'glass substrate 6 is exposed to a radiatkon of
a laser beam as shown in Fig. 4C and then subjected to a
developing treatment as shown in Fig. 4D whereby pits or grooves
8 is formed on a surface of the resist—coated substrate 6. The
substrate is successively subjécted to an electroless plating
treatment as shown in Fig. 4E to form a conductive film 9 on the

substrate 6. Thereafter, as shown in Fig. 4F, the substrate 6 is



several mcrons fromthe slldlng surface 42a of the
operation of the objective |lens 36 is described bel ow.
i ncident on the objective lens 37 is converged by th
and reaches the correcting plate 38. Tgﬁ%correcting

predeterm ned thickness and a predeter ed refractiye index such that
| aser beam

SHEET subjected to an electro-plating tpgatmenhi tig dgrostidr &f rohslsal

condensed thereby fornms a spherical_ wave
layer serving as a master disc 10. The thus-produced master disc

10 made of nickel is removed from the glass substrate 6 and
utilized in a éubsequent injection—mo}ding step.

In tﬁe injection-molding step, as shown in Fig. H5A, the Ni
master disc 10 which sérves as a stamper is placed in a press
into which a polycarbonate resin melted at an elevated
temperature ié poured and then subjected to a gompression molding
method to mold the disc supporf layer 2 as shown in Fig. 5B. As
described above, the disc support layer 2 of the optiéal disc
according to the first embodiment has a thickness of 1.2 mm.

Next, referring to Figs. 6A to 6C, there is explained a
further layer—forming step in which a reflecting layer 3 is
deposited over the disc support layer 2 by sputtering of aluminum
and then a transparent layer 4 is formed over the reflecting
layer 3. First, the disc substrate 2 is subjected to sputtering
to deposit an aluminum layer having a thickness of about 500 A
as shown in Fig. 6A whereby the reflecting layer 3 is formed on
the disc substrate 2.

Upon formation of the reflecting layer 3, as shown in Fig.
7A, the aluminum deposit layer is grown in the d;;ection
perpendicular to a surface of the disc substrate where a ghaped
pit PO is formed, so that a read-out pit Pl formed on- the
reflecting layer 3 has a shape identical to that_of the shaped
pit PO. This perpendicular growth of the reflecting layer 3
prevents formation of the pit P1l’ whose shape is inconsistent

with that of the shaped pit PO. Alternatively, as shown in Fig.

7C, a relatively large groove is preliminarily provided on the-

eam

t he




having a center |located at the point F. As described a O\ﬂg?L@wE&EMEE

approxi mately aligned with the point F. The refractive
optical disc 26 and the sem -spherical lens 39 is set |t

val ues which are approximately identical;4o0 each otheq. For thrs Teason
the | aser

surface of the sem -spherical lens 39 has a center of cjvature
[

spheri cal
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beam from the correcting plate 38 is vertically incident on t1e
surface 39a of the sem -spherical lens 39 and conver
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case, the reflecting layer 3 must be uniformly formed over an
entire surface of thé disc support layer 2.

Next,‘as shown in Fig. 6C, the transpérent layer 4 having
a thickness of about 100 um is formed on the reflecting layer 3
by spin—coating meéhod. Specifically, an ultra-violet curing
resin (UV resin) is coéted over the reflecting layer to form the
transparent layer 4. Upon formation of the transparent layer 4,
a thickness thereof is controlled by varying a revolution number
of a spinner used for this purpose. The coating of the ultra-
violet curing resin can be pe}fofmed several times to obtain a
desired thickness of the transparent layer 4.

Alternatively, the transparent layer 4 can be produced in
the following manner. For example, an optiéally-transparent hard
substance such as an amorphous carbon may be subjected to a
physical depositiqn method such as sputtering, or a chemical
deposition method. Further, a separately prepared transparent
layer 4’ such as a polycarbonate film or a glass plate can be
bonded onto the reflecting layer 3 by using an ultrgéviolet
curing resin. ;n this case, as shown in Fig. 8, upon sub&ected
to the injection—molding, centering of a chucking center hole 27
of the disc support layer 2 is carried out simultaneously to
facilitate subsequent adhering step and eliminate complicated
positioning of the center hole 27 when the transparent layer 4’

is adhered onto the reflecting layer 3 formed on the disc support

layer 2.
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I ndex N, the nunerical aperture NA of the objective lgﬁgLACH?ENT S E
represent.ed by NA = Nsin[err]. Accordingly, when suc ob Iens
system 36 is used, a spot size obtained fromthe ob e,tﬂ\gejfg'ﬁts‘éi@ t en 36
as a whole is 1/Ntinmes the spot size obtained fron]the.ohiective lens 37
only, whereby a reproduction density of4the optical{disc 26 is increaped.
Next, an operation of the objective |ens system 36 i '

the case where the optical disc 26 is. inclined relatlve tqQ.an optical .axis
Llerr] of thel®pjRetriRr¢ennsioned f“SEv%ﬁb?ﬂb%‘a’h th&hSngEﬁl SHPBETSE | s
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ate spring € curvature center of
a conventional process, equipment, materials or the 11ke. Thus,

.since the disc support layer 2 has no requirements for. optical
characteristics such as permeability and birefringence, any
substrate is usable for this purpose as far as it is made of a
material capable of forming the pits or guide grooves thereon by
transferring upon molding and having é sufficient mechanical
strength. Accordingly, the disc support layer 2 can be férmed of
such a material as metal or glass whereby reduction in entire
thickness of the optical disc including the transparent layer can
be achieved and further the deformation of the optical disc is
limited to a low level.

Meanwhile, a relation between a numerical aperture NA of the
objective lens used for reproduction, a wave length A of a laser
beam which is radiated to form a reproduction spot on the optical
disc, and a spot size ¢ is represented by the following equation:

® = 1.22 x A/NA

As.apparently understood from the above equation, as the
numerical aperture NA is increased, the spot size ¢ Eécomes
smaller. Accordingly, when an objective lens having a -large
numerical aperture is employed, a high density reproduction can
be achieved, namely a high density optical disc can be reproduced
by using such an objective 1lens having a large numerical
aperture. However, the numerical aperture NA gives an influence
on a tolerance for inclinatioﬁ of the optical disc in addition

to the spot size. That is, the tolerance for inclination of the



23 spherical lens 39 is still |ocated approximately oh REPLAGEMENEI SHEEXi
of the objective lens 37. For this reason, the | T beanT—eor-H;

out fromthe correcting plate 38 is vertically i nci dent

L[ err]

pnptge
surface 39a of the sem -spherical lens 39 so that no opt]cal ;%Fﬁhﬁm

di fference occurs. As a result, there occurs. no comm

errattomn

I rrespective of the nunerical aperture 35 ‘Nsin[err] of] the objective le

system
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Accordingly, the use of the optical jyecord ng mearum

optical disc is in proportion to A/|t-(NA) [ where t represents’

a thickness of the transparent layer.

Generally) when the optical disc is inclined relative to the
optical system, a coma aberration is generated. In this case, a
wave front aberration coefficient W 1is represented By the
following equationt _

W= 1/2-t- {(N-1)N* sin6cos6}/(N*-sinte) H/2'Na’
whereih t represents a thickness of the transparent layer, N is
a refractivé index and 6 represents én inclinatioﬁ angle.

For exémple, the nuﬁerical aperture NA is changed ffom 0.45
to 0.60, a skew margin is reduced from 0.60- to 0.25-. In order
to restore the reduced skew margin, the thickness of the
transparent layer must be reduced. However, conventionally, as
described above, the transparent layer has a thickness of 1.2 mm.
In consequence, increase of the numerical aperture NA is
restricted so that a high density reproduction and a high quaiity
of the reproduction output cannot be achieved. |

On the other hand, in the optical disc according to the
first embodiment of the present invention, the tranparent layer

has as small a thickness as about 100 um, for example, by

applying an ultra-violet curing resin by using a spiniﬁoating

method. As a result, even though the numerical aperture of the
objective lens of the optical pick-up device is large,

deterioration of the reproduction signal due to a coma aberration

is prevented from occurring whereby a high density reproduction

of the information signal can be achieved.

Next, an optical disc according to the second preferred

embodiment of the present invention is described by referring to



according to the present invention enables an optical pjck-up device of

such a type as shown in"Fig. 13 to be applicable, by NiREp i
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reproduction can be achieved. In addition, when the optiga
enpl oyed, there can be obtained a large tolerance wit GFSﬁgct to warf
of the optical recording nedium upon itz manuf act ure gndf due

noi sture, and a yield of manufacture of%t he optical dilso—and. a_selecti
freedom of a material for the optical disc can be inchieased. Moreover,.
a drive Fd8haflism of an optical disc, |arge tol erances—eereerning the
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opti cal q%ﬁ%ction-mdlded.polycarbohate resin and has a thickness not more
than 0.5 mm, énd on which information pits is formed by
transferring from a master disc. Formed over the transparent
layer 16 is.a reflecting layér 17 which is an aluminum layer
deposited by sputtering method and having a thickness of about
500 A. The transparentulayer 16 is adhered onto a disc support
layer 18 having an adequate mechanical strength through the
reflecting layer 17 and further an ultra-violet curing resin 19.
The ultra—violet curing resin 19 serves as an adhesive layer. It
is desirable that a total thickness of the adhesive layer 19 and
the disc suﬁport layer 18 is not less than 0.7 mm.

The manufacture of the optical disc according to the second
preferred embodiment of the present invention, needs similar
steps to those inclﬁding the master disc—forming step as shown
in Figs. 4A to 4G, the injection-molding step as shown in Figs.
5A and 5B and the further layer—-forming step as shown Figs. 6A
to 6C and Figs. T7A to 7C..Thus, the.reflecting layef 17 is
produced on the transparent layer 16 by sputtering of éiuminum
and further is adhered onto the disc support layer 18 by.using
the ultra-violet curing resin 19, as shown in Figs. 10A to 10C.

The master disc—forming step of the optical disc according
to this embodiment can be performed in the same mannér as that
used in the first embodiment and therefor a detailed explanation

therefor is omitted here.

In the injection molding step according to the second

in

i cal axis, of the optjcal
et[e% 2d
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appreci ated, the optical recording nediumand the.prdd
“therefor according to the present invention are applijfc
t hose described in the afore-nmentioned first to third e

to optical discs of such a type in whigh transparent |l ayers and

0
| so

24 signal -recording |layers are provided on opposite sides thereof and the

production nmet hod therefor. As descri bed above in detail,

to the presepdiment, the Ni master disc 10 is first placed in th

accordi ng
e press

11 into which a polycarbonate resin melted at an elevated
temperature is poured, in the same manner as shown in Figs. 5A
and 5B. However, in this case, not the disc support layer 18 but

the transparent layer 18 is subjected'to the compression molding

process. The thus—compression molded transparent layer 16 has a

thickness of 0.5 mm. Incidentally, upon the formation of_fhe
tfahsparent layer 16, as shown in Fig. 11A; centering of a
dhuckihg center hole 27 of the disc support layer 18 is éarried
out simultaneously when the transparent layer 16 is adhefed onto
the disc support layer 18, to thereby facilitate the subsequent
adhering step and eliminate complicated positioning of the.qenter
hole 27

Next, the reflecting ~layer 17 1is deposited err the
transparent layer 16 by sputtering of aluminum. The transparent
layer 16 is adhered onto the disc support layer 18 having an
adequate mechanical strength through the reflecting layer 17 in
the following manner. First, as shown in Fig. 10B, sputtering of
aluminum is carried out to deposit the reflecting layer 17 having
a thickness of about 500 A_over the transparent layer 16. Next,
as shown in Fig. 10C, the transparent layer 16 is adheféﬁ onto
the disc support layer 18 through the reflecting layer 17‘and a
layer made of an ultra-violet curing resin. In this case, since
a light permeability through the aluminum reflecting layer having
a thickness of 500 A is 1 % or less, a curing time thereof
becomes too long. In consequence, a thickness of the reflecting
layer 17 is restricted to about 200 A which is a minimum value

required to obtain a necessary reflection coefficient. In
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I nvention, since the transparent |ayer has as small afthg or

exanple, 0.5 mmor less, a high density reproduction dan ¢ gg@iﬁ*ﬁd. lin

~addition, in the magneto-optical recording nmedium acqoriding fo e priegent
i nvention, since the magnetic field nodulation coil gnd~tTheoptircat
pi ck-up device can be disposed on the sane side on Wi ch the transparent
| ayer is provided, ‘reduction in size of1§ he recordi ng_and T eproauctT g
apparatus ,can, be achi eved Moreover, the use of the optical .
recordin@dﬁégFﬁﬂwaﬁdh??ﬁpe¥ﬁcﬁﬂkﬁ§kﬁﬁrﬁﬂ*uRFtqﬁﬁiﬁ%ﬂsqﬁﬁgbpéétwﬁé“d§€aﬁf t he
obj ective,len system hayving a large nunerical aperture NA, a high density
reproducYﬁgge?sc¥§%?§eFﬁﬁP%'pronnted.

Thus, in the optical disc according to the second embodiment

of the present_invention, there can be obtained the transparent
layer having a thickness of about 0.5 mm. As a result, even
though a numerical apertpre of an objective lens 20 used in the
optical pick-up device is large, deterioration of a reproduction
signal due fo a coma aberration can be prevented to some extent,
whereby a high density reproddction can be achieved. Furthef, in
the second embodiment, the disc support layer 18 héving a
predetefmined thickness is prepared in a separate step and
adhered onto the transparent layer 16 through the reflecting
layer 17 and the ultra—violep curing resin layer 19 so that the
manufacturing of the optical disc is further simplified and
facilitated.

In the following, there is explained an optical disc
according to the third embodiment of the present invention, which
is provided with.a recording layer instead of the reflecting
layer of the optical discs according to the first and second
embodiments. That is, the optical disc according this embodiment
is of a magneto—-optical type.

The magne;o—optical disc described here can be manufaétured
in the same manner as those of the first and second embodiments.
Therefore, an explanation therefor is omitted here.

As shown in Fig. 12, the magneto-optical disc 21 according
to the third embodiment of the present invention has a
transparent layer 22 having a small thickness, for example, 0.1

mm. For this reason, an objective lens 24 of the optical pick-up



25 CLAI M5 1. An optical recording nediun1capab|e
reproduci ng i nformati on by using a | aser EPER@QQE&E#ﬁ@%@

_ beam conprisgn
side, a substrate layer, and, at the other side, a t aps ar ent ,
which in use is to be penetrated by a | aser bea 6 Nﬂ&ﬂhlo
si gnal -recordi ng neans di sposed t herebetween, chiarlacterjised in tjh
the nmedi um conprises no nore thanl9our |ayers off material and in that

the transparent |ayer has a thickness snaller than th Qf

device and a magnetic field modulation coil 25 are positioned on.

the same side of the magneto—optical disc 21, namely on the
transparent layer side opposite to the recording layer 23. This
enables reduction in size 'of a recording and reproduciné
apparatus used for recording and reproducing the magneto—optical
disc 21.

As described above, in the production methods for the
optical discs or the magneto-optical disc according to the
préferred embodiments of the present invenfion, a total thickness
thereof can be reduced as compared with the conventional ones.
For this reason, the optical or magnet-optical discs according
to the present invention can be used in a reproduction opticai
pick—~up device equipped with a condensing system having a larger
condensing rate than conventional ones whose condensing system
is composed of only an objective lens.

An optical pick—up device usable for reproducing'the optical
or magneto-optical disc according to the present invention is
explained below by referring to Fig. 13, The optical pick-up
device 30 includes a laser diode 31 as a 1light source for
emitting s laser beam. The laser beam emitted from the laser
diode 31 passes through in turn a diffraction gratiné;32, a
polarizing bea@ splitter 33, a 1/4 (quarter) wave plate 54 and
a collimator lens 35 and is incident on an objective lens system
36. The incident laser beam is converged through the objective
lens system a signal-recording surface of the optical disc 26.
The laser beam is then reflected from the signal-recording
surface of the optical disc 26 and passes back through a

condensing lens 40 to be introduced into a photo-detector as a



t he substrate | ayer. 2. An optical recording ne @WP&&@BMENTusHEﬁTC

1 wherein t he I nformati on signal -recordin ans cCoOPf-HSe
information pits forned in a surface of either the 8 Subrty l{ay
or the transparent |ayer, between facing surfgces of said layqrs
well as a reflecting |ayer I nt er posed between |t he STUDSTTate—tayq
and the transparent | ayer, overly?(ﬁg the inforfmation pits. 3.
An optical recording nmediumaccording to claim1, whereln tire

i nf or mat ild8hsrgrarcting dilrgemsarisoms vdnpogsed ostpat of a reegrdyetion
recording film . . . ) .
signal corresponding to the information signal is generated.

The laser beam emitted from the laser diode 31 is a linearly
polarized laser beam which is then diffracted through the
diffraction grating 32. The laser beam proceeds through the
polarizing beam spiitter 33 and the 1/4 (quarter)!wave plate 34.
At the 1/4 (quarter) wave plate 34, the diffracted laser beam is
changed to a circularly polarized beam and then passes through
the collimqtor-lens 35. When passing through the collimator lens,
the laser beam is converged into a parallel ray and incident on
the objective lens system 36.

The objective lens system 36 is composed of an objective
lens 37, a correcting plate 38 and a semi—spherical lens 39 as
a convex lens. The objective lens system 36 can converge the
incident laser beam on a point F, which is located on the signal-
recording surface of the optical disc 26, without occurrence of
an optical path difference. The correcting plate 38 corrects the
incident laser beam such that the laser beam passing through the
correcting plate 38 toward the optical disc forms a spherical
wave having a center approximately located at the point F. The
semi—-spherical 1lens 39 has a spherical surface 3953 whose
curvature centgr is approximately located at the point F,-and a
flat surface 39b.

The detailed structure of the objective 1lens 36 is
illustrated in Figs. 14 and 15. Fig. 14 is a sectional view of
the objective lens system 36 and Fig. 15 is a schematic plan'view

of the objective lens system 36 when viewed from a side of the

optical disc 26.



4. An optical recording medi um accordi ng to claimi, ZRH’U%EMENT SI-AE
wherein said transparent |ayer has a thickness not nor¢ ~—10an
126 5. An optical recording nediumaccording to any pr c%dgn?

claim wherein said transparent |ayer has a thickness ¢f ANo

6. An optical recording nmedi um accordi ngto any precgdi

wherein said transparent |ayer is conposed of an

E@go lpm

claiin

The objective lens 37 and the correcting plate 38 are
secured to a lens-barrel 44 and prevented from moving in any
direction without a degree of freedom. The semi—spherical lens
39 is fixedly mounted on a slider 42. The slider 42 and the lens~-
barrel 44 are connected with each otﬁer through a plate spring
43 and have a translatory freedom in the direction of the
thickness éf the optical disc 26 and a freedom capable of
following the inclination of the optical ‘disc 26. The slider 42
is forced against the optical disc 26 by a biasiné force of the
plate spring such that a sliding surface 42a of the slider 42 is
slidably moved over a light—-incident surface 26b of the optical
disc 26. At this time, the plate spring 43 does not have a
translatory freedom in the direction garallel wifh the light-
incident surface 26b of the optical disc 26 so as not to cause
a relative displacement between the objective lens 37 and the
gemi—spherical lens 39. The sliding surface 42a of the slider 42
is disposed approximately in parallel with the flat surface of
the sémi—spherical lens 39. The sliding surface 42a and the flat
surface 39b may be located at the same plane unless the semi-
spherical lens 39 is in contact with the optical disc 26.
Actually, the flat surface 39b of the semi—spherical legé 39 is
offset by sevepal microns from the sliding surface 42a ;f the
slider 42.

An operation of the objective lens 36 is described below.

The laser beam incident on the objective 1lens 37 is
converged by the objective lens 37 and reaches the correcting
plate 38. The correcting plate 38 has a predetermined thickness

and a predetermined refractive index such that the laser beam



ul-tra-violet-curing resin |ayer. 7. An optical r

according to any of clains 1 to 5 wherein said

transparent fl at pl ate connected by way of a tr

| ayer to the information signal-recordi ng neans.

produci ng an optical recording nmediumasgygy cl ai mred 1

conprising the steps of: pouring a nmateri for a substrate
| ayer into a press whi | e heati ng and subj ' '

conpr essPORIABLP WY ddraks fron andorandRBSedLdisRARY forms a spheflgal Yiive

transfer%ggihgfgrgggkgp éégtégegsogﬁe point F. As described above, the
spherical surface of the semifspher;cal lens 39 has a center of
.curvature approximately aligned with the point F. The refractive
indices of the optical disc 26 and the semi-spherical lens 39 is
set to predetermined values which are approximately identical to
each other. For this reason, the. laser beam from the correcting
plate 38 is vertically incident on the spherical surface 39a of
the semi—-spherical 1ens'39 and coﬁverged to form a spherical wavé
having a center located at the point F.

The objective 1lens 37 has a numericai aperture NA
represented by the equation: NA = sin6 where @ is an angle made
by the objective lens 37 when viewed from 5 minimum spot Smh‘ If
the semi-spherical lens 39 and the optical disc have a refractive
index N, the numerical aperture NA of the objective lens system
36 is represented by NA = NsinB. Accordingly, when such an
objective lens system 36 is used, a spot size obtained from the
objective lens system 36 as a whole is 1/N times the spot size
obtained from the objective lens 37 only, whereby a reproduction
density of the optical disc 26 is increased.

Next, an operation of the objective 1lens systeﬁf36 is
explained concerning the case where the optical disc 26 is
inclined relative to an optical axis Lyof the objective lens 37.

Even though the optical disc 26 is inclined relative to the
optical axis Ly of the objective lens 37, since the sliding
surface 42a of the slider 42 is in sliding contact with the
light-incident surface 26b of the optical disc 26 by the biasing

force of the plate spring 43, the curvature center of the semi-
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the substrate | ayer; and formng a transpafjent Tayer T b
bei ng perneated by a | aser beam and havi hg| a®thi tAdess
smal | er than that of the substrate |ayer over said refl ect
| ayer. 9. A nmet hod according to cla2sn 7, whereijn the transparent

| ayer is produced by spin-coating an ultra-violet cucing

on
e of

ng

spherical lens 39 is still located approximately on the optical’

axis Loof the objective lens 37. For this reason, the laser beam
coming out from the correcting plate 38 is vertically incident
on the spherical surface éga of the semi-spherical lens 39 so
that no optical path difference occurs. A; a result, there occurs
no coma aberration irrespective of the numerical'aperture of
Nsin® of the objéctive lens system.

Accordingly, the use of the optical recording medium
according to the present invention enables an optical pick~up
device of such a type as shown in Fig. 13 to be applicable, by
which a high density reproduction can be achieved. In addition,
when the optical device 30 is employed, there can be obtained a
large tolerance with respect to warpage of the optical recording
medium upon its manufacture and due to absorbed moisture, and a
yield of manufacture of the optical disc and a selective freedom
of a material for.the optical disc can be increased. Moreover,
in a drive mechanism of an optical disc, large tolerances
concerning the relative perpendicular arrangement between an
optical axis of the optical system for the optical pick—-up device
and a mounting surface of the optical disc, and concerning an
feed accuracy of the optical pick-up device can be aéﬁieved,
whereby reduct}on in cost for manufacturing the opticai disc
drive mechanism can be accomplished.

Meanwhile, as will be appreciated, the optical recording
medium and the production method therefor according to the
present invention are applicable not only to those described in
the afore-mentioned first to third embodiments but also to

optical discs of such a type in which transparent layers and



resin and then curing said resin. " 10. A nethod accordﬁﬁGL%QFwﬁﬂg HﬁEET
wherein the said transparent | ayer is produced by sjb jecting an

“optically transparent hard substance to vapour degosh t®8n JaN 1999
sputtering. 1t. A nethod according to claim38, where the _transparént
| ayer is produced by adhering a polycarbonate filmor a glass plate
onto the reflecting |ayer by way of an ug4gra- viollet-curing resin.

12. A ”EEQEQaQQ?QEgkagngolgbéfg1gre“@?&@kaeah%nt%%@%%%r%ns1des tﬂéa o -has

a thickness of about
and the production method therefor.

As described above in detail, according ?o the present
invention, since the transparent layer has as small a thickness
as, for example, 0.5 mm or less, a high densify reproduction can
be achieved. In addition, in the magneto-optical recording medium
according to the present invention, since the magnetic field
modulation coil and the optical pick-up device can be disposed
on the same side on which the transparent layer is provided,
reduction in size of the recording and reproducing apparﬁtus cén
be achieved.

Moreover, the use of the optical recording medium and the
production method therefor enables the use of the objective lens

system having a large numerical aperture NA, a high density

reproduction is furthermore promoted.



13. ‘A nethod accordi ng to claimg8,. wherein the reflecg

grown and deposited 6n the |nfor | on pits in a BEPEACEMENT SHEET
" perpendi cular to gl’mmu al opti cal recor dg ' 1
A met hod accordin eln the informatio

a size enough to correct a efornatlon thereof .

formation of the reflecting layer.  .15s A nethod of ‘
recordi ng ofcEMgn as claimed in claim?2, conpriging the steps of :

pouring atransparent resin into a press while

lalal

IIUClL I ||3,

subjecting the resin to a conpression

1.

An optical recording medium capable of recording and/or
reproducing information by using a laser beam, comprising,
at one side, a substrate layer, and, at the other side, a
transparent layer, which in use is to be penetrated by a
laser beam; with informatioh signal-recording means
disposed therebetween, characterised in that the medium
comprises no more than four layers of material and in that
the fransparent layer has a thickness smaller than that of

the substrate layer.

An optical recording medium according to claim 1 wherein
the information signal-recording means comprises
information pits formed in a surface of either the
substrate layer or the transparent layer, between facing
surfaces of said layers, as well as a reflecting layer
interposed between the substrate layer and the transparent

layer, overlying the information pits.

An optical recording medium according to claim 1, -wherein
the information signal-recording means is composed of a

magnetic recording film.

An optical recording medium according to claim 1, 2 or 3
wherein said transparent layer has a thickness not more

than 0.5mnm.
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An optical recording medium according to any precedt
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claim, wherein said transparent layer has a thickness of

about O0.lmm.

An optical recording medium according to any preceding

claim, wherein said transparent layer is composed of an

ultra-violet-curing resin layer.

An optical recording medium according to any of claims 1 to

5 wherein said transparent layer is a transparent flat

plate connected by way of a transparent adhesive layer to

the information signal~recording means.

A method of producing an optical recording wmedium as

claimed in claim 2 comprising the steps of:

pouring a material for a substrate layer into a press

while heating and subjecting the

material to

compression moulding so as to form the substrate

layer with transferred information pits thereon;

forming a reflecting layer over the information pits

formed on the substrate layer; and

forming a transparent layer capable of being

permeated by a laser beam and having a thickness

smaller than that of the substrate layer over said

reflecting layer.

A method according to claim 7,

wherein the transparent

layer is produced by spin-coating an ultra-violet curing



centre axis of. the optical “recordi ng nmediumis performed REPLAEBH@

formation of th yer. 17. A nethod of pj§ogucLng aHT.SHEET
opti cal recordmmﬂim{m ﬂ claimed in claim3 which is pabl e

havi ng i nf or ma , i b mo?nréﬁmdﬂs& epd
therefrom by using a Iaser beam conprighng the steps of:

n thereon and of having th

formng a rragnetlc recording filmon one side surface of a
substrate on whighy héq.r Qgﬁr.gﬁ éﬂfadp&;m_ ——aRE -
formng a transparen ayer aV| ng a thickness smal | er than
that of the substrate over the magnetic recording film

10. A method according to claim 7, wherein the said transparent
layer is produced by subjecting an optically transparent
hard substance to vapour deposition or sputtering.

11. A method according to claim 8, wherein the transparent
layer is produced by adhering a polycarbonate film or a
glass plate onto the reflecting layer by way of an ultra-
violet~curing resin.

12. A method according to claim 8, wherein the transparent
layer has a thickness of about 0.l1lmm.

13, A method according to claim 8, wherein the reflecting layer
is grown and deposited on the information pits in a
direction perpendicular to the surface of the optical
recording medium.

14. A method according to claim 8, wherein the information pits
each have a size enough to correct a deformation - thereof
occurring upon formation of the reflecting layer.

15. A method of producing an optical recording medium, as

claimed in claim 2, comprising the steps of:
pouring a transparent resin into a press while
heating, and subjecting the resin to a compression

moulding process to form a transparent layer with




18. “ A nethod-according to claim 17, wherein the transparse

has a thickness ‘ \““‘Tm“ﬂ“ﬂ\ml\
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17.

18.
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transferred information pits thereon;
forming a reflecting layer over the information pits
formed on said transparent layer; and

adhering the transparent layer onto a substrate layer
of greater thickness than itself by way of the

reflecting layer.

A method according to claim 15, wherein centring of a
centre axis of the optical recording medium is performed

upon formation of the transparent layer.

A method of producing an optical recording medium as
claimed in claim 3 which is capable of having information
written thereon and of having the information read

therefrom by using a laser beam, comprising the steps of:

forming a magnetic recording film on one side surface
of a substrate on which the laser beam is incident;
and

forming a transparent layer having a thickness.
smaller than that of the substrate over the magnetic

recording film.

A method according to claim 17, wherein the transparent

layer has a thickness of about 0.lmm.
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OPTICAL RECORDING MEDIUM AND METHOD OF PRODUCING SAME
ABSTRACT OF THE DISCLOSURE

An optical recording medium cﬁpable of recording and/or
reproducing an information by using a laser beam, comprising: a
suppdrt layer having an information signal-recording portion on
one side surface thereof on which said laser beam is incident,
and a transparent layer disposed over the support layer and
having a thickness smallef than that of the support layer. In
accordance with the present invention, there are further provided

production method for optical or magneto—optical discs whereby

a high density reproduction can be achieved.

Figure 3



