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OPTICAL RECORDING MEDIUM AND METHOD OF PRODUCING SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

This invention relates to an optical recording 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 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 pi ts 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 layer 52 and a protective film layer 

53 for protecting 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 
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press while heating and then subjected to a compression molding· 

process to transfer a pit pattern of the stamper 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 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~\ecting 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 disc. 

A thickness of the transparent layer 51 serving as a 

substrate has a·close relation with def-ormation 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 optical 

disc can be achieved 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 
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appears the afore-menti9ned tendency, namely increase in 

aberration amount of the spot when the skew is maintained 

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 is 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 unavailable 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 invent ion 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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It is a further object of the present invention to provide· 

an optical retording medium of a magneto-optical type capable of 

achieving reduction in size of a recording 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 an information by using a laser beam, comprising a 

support layer having an information signal-reqqrding 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 is 

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 to a 

compression molding process to form the substrate having 

transferred info~mation pits thereon, f~rming 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 is 

provided a method of producing an optical recording medium, 

comprising the steps of pouring a transparent resin into a ~ress 

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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than that of the transpare?t layer through said reflecting layer. 

In a fourth aspect of the present invention, there is 

.Provided a method of producing an optical recording medium 

capable of recording and/or reproducing an information by using 

a laser beam, comprising the steps of forming a magnetic 

recbrding film on one side surface of a substrate on which the 

laser beam is incident; and f~rming a transparent layer having 

a thickness smaller than that of the sub'strate 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 compared with that of 

the support layer. As a result, even though a numerical 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 low level, 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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optical recording device according to a first embodiment o~ the· 

present invention. 

Figs. 4A to 4G •are views continuously showing master 

disc-forming steps in manufacturing process of the optical disc 

according to the first ·embodiment of the p'resent invention. 

Figs. 5A and 5B are views showing injection-molding steps 

in manufacturing process of the optical disc according to the 

first embodiment of the present invention. ~~ 

Figs. 6A to 6C are views showing reflecting film- and 

transparent layer-forming steps in manufacturing process of the 

optical disc· according to the first embodiment of the present 

invention. 

Figs. 7A 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 manner 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 adheretl 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. lOA to lOC are views showing reflecting layer-forming 

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. llA and llB are views showing a manner for carrying out 

centering of a center bore of the optical disc according to the 

second embod~~ent of the present invention, when the transparent 
---····--·--·----·-·-· 
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layer is ~dhered to ·the disc substrate. 

Fig. 12 is a view showing a structure of an magneto-optical 

disc according to a third embodiment of the present invention. 

Fig. 13 is a sch~matic view showing an optical pick-up 

device applicable to reproduction of the optical 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 is 

d,escribed 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 be low, there is 

illustrated an optical disc of such a type capable o.f 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 transparent layer 

having a thickness of about 100 µm is used while, in the second 

embodiment, the transparent layer having a thickness of 5 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 
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promoted as 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 provision of the thin 

central port ion advantageously results in e 1 iminat ing a 

birefringence of the optical di~c and improving a transfer 

capability. The narrow central portion where the center bore of 

the optical disc. is provided, is called "g~}e" and finally 

removed from the remaining base portion by stamping. 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, whefl the gate is widened, 

undesired birefringence and deterioration in the transfer 

capability are likely to occur though an optical disc having a 

small thickness is producible. 

In the fore going, 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 birefringence and deterioration in transfer 

capability. Under these circumstances; a spacing of the gate is 
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narrowed to 0.25 mm to 0.3 mm whereby the optical disc having 

reduced birefringence and improved transfer capability can. be 

obtained in case it has a thickness of O. 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 condition is 

make it impossible to produce the optical disc practically. That 

is, under such a condition, a injecti~n 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 having 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 µm (0.1 mm). 

Incidentally, it is possible to increase 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. 



10 

THIS SHc,.. 
i..;.c.T BAS BEEN 

REPLACED 

First, the optical r~cording medium according to the first 

preferred embodiment 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 support lay&r, and 

a transparent layer 4 having a thickness of about 100 µm 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 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-coat~ng 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 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 subjected to an e 1 ect ro 1 ess 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 
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subjected to an electro-plating treatment to deposit a nickel 

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 subsequent injection-molding step. 

In the injection-molding step, as shown in Fig. SA, the Ni 

master disc 10 which serves as a stamper is placed in a press 

into which a polycarbonate resin melted at an elevated 

temper'ature 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 aluminum layer having a thickness of about 500 A 

as shown in Fig. 6A whereby the reflecting layer 3 is formed on 

the di~c substrate 2. 

Upon formation of the reflecting layer 3, as shown in Fig. 

7A, 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 

prevents formation of the pit Pl' whose shape is inconsistent 

with that of the shaped pit PO. Alternativ~ly, as shown in Fig. 

?C, a relatively large groove is preliminarily provided on the 
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Ni master disc 10 to form a ·correspondingly large shaped pit PO 

on the disc support layer 2 whereby a possible deformation of the 

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 having 

a thickness of about 100 µm is formed on the reflecting layer 3 

by spin-coating method. Specifically, an ultra-violet • :< curing 

resin (UV resin) is coated 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 performed 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 carbon"' may be subjected to a 

physical deposition method such as sputtering, or a chemical 

deposition method. Further, a s~parately 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. In this case, as shown in Fig. 8, upon subjected 

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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In the afore-mentioned first embodiment, the 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 permeabi 1 i ty 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 including the transparent layer can 

be achieved and further the deformation of the optical disc is 

limited to a low level. 

Meanwhile, a rel at ion between a numerical aperture NA of the 

obje~tive 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 ~ 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 using such an objective lens having a 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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optical disc is in proportion to l/lt· (NA) 31 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 is represented by the 

foll~wing equation: 

W = 1/2·t·{(N2-1)N2 s.in9cos9}/(N2-sin29)-5/2·NA3 

wherein t represents a thickness of the transg~rent layer, N is 

a refractive index and 9 represents an inclination angle. 

For example, the numerical 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. z .. mm. 

In consequence, increase of the numerical aperture NA is 

restricted so that a high density reproduction and a high quality 

of the reproduction output cannot be adi.ieved. 

On the other hand, in the optical disc according to the 

first emb~diment of the present invention, the tranparent layer 

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

applying an ultra-violet curing resin by using a spin-coating 

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 

iif ilHHl!i irr1r 
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·The optical disc according to the second preferred 

embodiment has a transparent layer 16 which is formed of an 

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 spu~tering 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 in_vention, needs similar 

steps to those including 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. 7A 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 layer 18 by using 

the ultra-violet curing resin 19, as shown in Figs. lOA to lOC. 

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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embodiment, the Ni master disc 10 is first placed in the 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 format ion of .the 

transparent layer 16, as shown in Fig. llA~-~ centering of a 

chucking center hole 27 of the disc support la~er 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. center 

hole 27 . 

Next, the reflecting layer 17 is 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 thf:l ref lec·ting layer 17 in 

the following manner. First, as shown in Fig. !OB, sputtering of 

aluminum is carried out to deposit the reflecting layer 11 having 

a thickness of about 500 A over the transparent layer 16. Next, 

as shown in Fig. lOC, 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 minfmum value 

required to obtain a necessary reflection coefficient. In 
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addition, a hot-melt adhesive can be used instead of the ultra-

violet curing resin. 

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 resu.l t, 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 support layer 18 having a 

predetermined thickness is prepared in a separate step and 

adhered onto the tr.ansparent layer 16 through the reflecting 

layer 17· and the ultra-violet curing resin layer 19 so that the 

manufacturing of the optical disc is further simplified and 

facilitated. 

In the fol lowing, 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 magneto-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 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 
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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 reproducing 

app~ratus used for re~ording and reproducing the magneto-optical 

disc 21. 

As described above, in the product ion methods for the 

optical discs or the magneto-optical disc :a._ccording 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 optical 

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 tie present invention is 

explained below by referring to Fig. 13 ... The optical pick-up 

device 30 includes a laser diode 31 as a 1 ight 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 beam 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 ref 1 ect ed from the signal-recording 

surface of the optical disc 26 and pa~ses back through a 

condensing lens 40 to be introduced into a photo-detector. as a 
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light-detecting element from which an output of a reproduction 

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 

diffract ion grating 32. The. laser beam proceeds through the 

polarizing beam splitter 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 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 36. 

The objective lens sys~em 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 lens 39 has a spherical surface 39a whose 

curvature center is approximately located at the point F, and a 

flat surface 39b. 

The detailed structure of the objective lens 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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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 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 optical disci~6. 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 ~lider 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 parallel with 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 

semi-spherical lens 39. The sliding surface 42a of the slider 42 

is disposed approximately in parallel ~ith the flat surface of 

the semi-spherical lens 39. The sliding surface 42a and the flat 

surface 39b may be located at the same plane unless the semi-

spherical 1 ens 39 is in contact with the optical disc 2.6. 

Actually, the flat surface 39b of the semi-spherical lens 39 is 

offset by several microns from the s 1 iding surface 42a of· the 

slider 42. 

An operation of the objective lens 36 is described below. 

The laser beam incident on the objective lens 37 is 

converged by the objective lens 37 and reaches th~ correcting 

plate 38. The correcting plate 38 has a predetermined thickness 

and a predetermined refractive index such that the laser beam 

ii1i1Ui111JJ1fillf 
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coming out therefrom and condensed thereby forms a spherical wave 

having a center located at the point F. As described above, the 

spherical surface ~f t~e semi-spherical 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 lens 39 and converged to form a spherical wave 

having a center located at the point F. 

The objective lens 37 has a numerical aperture NA 

represented by the equation: NA = sine where e is an angle made 

by the objective lens 37 when viewed from a minimum spot Smin' 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 = Nsin9. 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 lens system 36 is 

explained concerning the case where the optical disc 26 is 

inclined relative to an optical axis L0 of the objective lens 37. 

Even though the optical disc 26 is inclined relative to the 

optical axis L0 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-

1iiiii~~nrar · 
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spherical lens 39 is still located approximat~ly on the optical 

axis L0of the objective lens 37. For this reason, the laser beam 

coming out from the correcting plate 38 is vertically incident 

on the spherical surface 39a of the semi-spherical lens 39 so 

that no optical path difference occurs. As a result, there occurs 

no coma aberration irrespective of the numerical aperture of 

Nsin0 of the objective lens system. 

Accordingly, the use of the optical ~~ecording 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 achieved, 

whereby reduction in cost for manufacturing the optical disc 

drive mechanism can be accomplished. 

Meanwhile, as wi 11 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 al so to 

optical discs of such a type in which transparent 1 ayers and 
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signal-recording layers are provided on opposite sides thereof· 

and the production method therefor. 

As described above in detail, according to the present 

irivention, 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 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 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 havir:ig a large numerical aperture NA, a high density 

reproduction is furthermore promoted. 

THIS SHEET HAS BEEN 
REPLACED 
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What is claimed is: 

1. An optical recording medium eapa.ble of recording and/or 

reproducing an information by using a la.ser bea.m, compr·1s ing: 

a support la.yer having a.n information e ignai-recording 

portion on one side surface thereof on which said la.ser beam is 

incident; and 

a transparent layer disposed over sa.id support layer and 

having a thickness smaller than that of said s~pport layer. 

2. The optical recording medJum according to claim 1, further 

comprising a reflecting layer interposed between said support 

layer and said tra.nsparent layer. 

3. The optical recording medium according to claim.l, wherein 

said information signal-recording portion ·is composed of a 

magnetic recording film. 

4. The optical recording medium according to claim l, wherein 

said transparent layer has a. thickness not more than 0.5 mm. 

s·. The optical recording medium a.ccord?in.g to claim 1, wherein 

said transparent layer ha.s a thickness of about 0.1 mm. 

6. The optical recording medium according to claim 1, wherein 

said transparent layer is composed of an ul tra.-vio let-curing 

resin layer. 

1. The optical recording medium according to claim l, wherein 

said transparent layer is a transparent fla.t plate a.nd is 

disposed through a. transparent adhesive layer on said reflecting 

layer. 

8. A method of producing an opt~cal recording medium, comprising 

the steps of: 

pouring a. material for a substrate into a press ·while 
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heating and subjecting the material to a compression molding to 
' 

form the substrate having transferred information pits thereon; 

forming a reflecting layer over said substrate; and 

forming a trans~arent 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-violet curing resin 

and then curing said spin-coat~d 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 reflecting 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 pi ts in the 

direction perpendicular to a surface of said optical disc~ 

14. The method 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 
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transparent layer having transferred information pits thereon; 
• 

forming a reflecting layer over said information pits formed 

on s~id transparent layer; and 

adhering said transparent layer onto a substrate having a 

thickness larger than that of said light-permeating layer through 

said refiecting layer. 

16. The method according to claim 15, wherein centering of a 

center axis of said optical disc is performed µpon formation of 

said transparent 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 recording film. 

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

layer has a thickness of about 0.1 mm. 
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