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RECORDABLE/REPLAYABLE OPTICAL RECORDING MEDIUM 

AND OPTICAL RECORDING METHOD THEREFOR 

Background of the Invention 
The present invention relates to a recordable/replayable 

5 optical recording medium, and more particularly, to a 
recordable/replayable compact disc (CD) having a metal or non­
metal recording layer and an optical recording method 
therefor. 

Optical mediums are widely used as a high-density 
10 recording medium since the required recording area per unit 

recording amount is smaller than that of a conventional 
magnetic recording medium. The optical recording mediums are 
largely classified into three types according to their 
functions, i.e., ROM (read-only memory) available for only 

15 replaying recorded information, WORM (write-once read many) 
available for recording one time only, and RW (rewritable) 
available for erasing and re-recording after recording. The 
recorded information should be replayable in a player for a 
ROM-type recording medium. Thus, the "Red Book" standard for 

20 ROM-type recording medium should be observed, that is, the 
recording medium should have reflectivity over 70% and CNR 
(carrier to noise ratio) o,~ 47dB. 

Recordable optical recording mediums reproduce 
information using a change in reflectivity due to physical 

25 deformation, a phase change, or a change of magnetism of a 
recording layer before and after recording. To be used as 
recording mediums compatible with CDs (compact discs), the 
optical recording medium should have long stability and high 
recording sensitivity in addition to the high reflectivity and 

30 . the CNR features mentioned above. Various optical recording 
mediums have been proposed and partially implemented by using 
diverse materials to improve such features and facilitate the 
manufacturing of the medium. 
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According to Japanese Laid-open Patent Publication No. 

showa 63-268142, a$ shown in FIG. 1, a recording medium has a 

structure comprising a substrate 1, a sensitizing layer 2 made 

~f gelatin, casein or PVA overlaying substrate 1, a thin metal 

5 film 3 of Cr, Ni, or Au having a thickness in the range of 50-

sooA overlaying the sensitizing layer 2. In such a recording 

medium, the thin metal film absorbs during optical recording 

utilizing a laser beam and, thus, the sensitizing layer 2 and 

thin metal film 3 are deformed so that recording pits are 

10 formed. However, a recording medium of such a structure has 

difficulty in maintaining long-term stability since the 

recording pits are exposed. 

U.S. Patent No. 4,973,520 discloses technology 

purportedly for obtaining superior recording feature over SOdB 

15 by forming a thin metal film 2a of a three-layered structure 

of a first thin metal film 1, a metal oxide and a second thin 

metal film 2, the three-layered structure superimposed on a 

substrate la as shown in FIG. 2. However, since the pits are 

formed on the thin metal film 2a by laser radiation thereby 

20 exposing the recording pits, recording stability also becomes 

inferior. 

As shown in FIG. 3, U.S. Patent No. 4,983,440 purports to. 

compensate for such problems and discloses technology of 

forming two-layered thin metal film 2b and 2b' as a recording 

25 layer 2a on a substrate lb and forming a protecting layer 4 

for protecting the recording layer 2a thereon. However, the 

recording medium using this technology cannot be used as a 

medium compatible with conventional CD players since 

reflectivity is under 20% due to-the absence of a reflective 

30 layer. A high-power light source is required if this 

incompatible medium is to be used in an otherwise conventional 

CD player. 

Also, according to U.S. Patent No. 5,039, 558, as shown 

in FIG. 4, stability of recording pits is improved by 

35 symmetrically adhering with an adhesion layer s a pair of 



3 

substrates le and le' on which thin metal films 2c and 2c' and 

protecting layers 4c and 4c' are deposited. In this method, 

however, the thin metal films 2c and 2c' cannot act 

concurrently as a reflection film and a light absorptive layer 

5 so that reflectivity does not reach 70%, even in principle. 

According to U.S. Patent No. 5,328, 813, a thin metal 

film is provided as a recording layer on a substrate, and a 

solid metal oxide layer is formed thereon to enhance the long­

time stability of recorded signals and reflectivity up to 40% 

10 through 60%. However, it is a problem that CNR still remains 

low. 

15 

Further, U.S. Patent Nos. 4,990,388 and 5,155,723 

disclose technology of forming an organic dye layer 6 as a 

recording layer on a substrate ld and forming a reflection 

film 7 and a protecting layer 4d thereon, as shown in FIG. s. 
In recording information in this medium, a dye layer absorbs a 

recording laser beam and generates heat to deform the 

substrate. Thus, information can be recognized according to 

change of reflectivity before and after recording in a 

20 deformed area so that compatibility with conventional CD 

players under the condition of over 70% reflectivity and over 

47dB CNR after recording can be available. 

However, such a disc has problems including weak heat­

resisting and light-resisting capabilities as well as 

25 employing expensive organic dyes. Further, the dye in a liquid 

state {being dissolved by an organic solvent} should be 

deposited on the substrate by a spin coating method. Since 

reflectivity sharply varies according to the thickness 

deviation of a coating layer, high-priced equipment which can 

30 control the thickness of the coating layer within deviation 

between ±3% is required, and productivity is lowered due to 

the accuracy requirements for the dye thickness. 

Summary of the Invention 

To solve the above problems, it is an object of the 
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present invention to provide a recordable/replayable optical 

recording medium and an optical recording method which is 

compatible with conventional CD players and also allows for 

lower manufacturing cost and high productivity. 

5 It is another object of the present invention to provide 

a recordable/replayable optical re.cording medium and an 

optical recording method having a high reflectivity and 

recording signal, whose recording stability is improved. 

Accordingly, to achieve the above objects, there is 

10 provided a recordable/replayable optical recording medium 

comprising: a light transmitting substrate where a pregroove 

for guiding light during recording is formed; a thin metal 

"film formed on the substrate; a reflective layer disposed on 

recording the thin metal film; a deformable buffering layer 

15 interposed between the thin metal film and reflective layer. 

Also, there is provided a method of optically recording 

on an optical recording medium comprising the steps of: 

providing a thin film on a pregroove substrate, providing a 

buffering layer on the thin metal recording film, heating the 

20 thin metal recording film between the pregroove substrate and 

the buffering layer with a recording laser beam to cause 

deformation on at least one of the pregroove substrate, the 

thin metal recording and the buffering layer, and forming pits 

where the deformation occurs. 

25 Through the above-described steps, optically 

recordable/readable pits may be formed. Here, the pits 

represents portions deformed by the laser beam. The term 

"optically recordable/readable pits or pits" generally include 

optically readable or detectable marks of all kinds. Also, the 

30 deformed portions ot the substrate and thin metal layer and 

buffering layer having different optical properties from those 

of undeformed portions. 

The method of optically recording on an optical recording 

medium preferably further comprises the step of directly 

35 heating the buffering layer together with the metal layer 
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while radiating the laser beam, by adding an organic dye which 

can absorb the laser beam radiated to the buffering layer. 

In the optical recording medium according the present 

invention, it is preferable that a pregroove for guiding light 

5 is formed on the substrate during recording. 

Also, the material for forming the thin metal film has a 

value (k) of an imaginary part of a complex refractive index 

preferably greater than or equal to 0.01. It is also 

preferable that the thickness of the thin metal layer ranges 

10 from 30A to sooA. As the material for the thin metal film, at 

least one metal selected from the group consisting of Au, Al, 

Ag, Pt, Cu, Cr, Ni, Ti, Ta and Fe, or an alloy thereof is 

preferably adopted. 

15 

Also, it is preferable that the thickness of the 

buffering layer ranges from soA to io,oooA and the glass 

transition temperature ranges 60°C to 180°C. Further, in order 

enhance the recording stability, an organic dye may be added 

to the organic material of the buffering layer in the amount 

of 3.0% or less. 

20 Brief Description of the Drawings 

25 

The above objects and advantages of the present invention 

will become more apparent by the following detailed 

description of preferred examples thereof with reference to 

the attached drawings in which: 

FIGS. 1 through 5 are cross-sectional view illustrating 

the deposition structures of conventional optical recording 

mediums (discs); 

FIG. 6 is a cross-sectional view illustrating the 

deposition structure of an optical recording medium (disc) 

30 according to the present invention; 

FIG. 7 is a schematic cross-sectional view illustrating 

the structure of a pit being a recorded portion formed on the 

disc according to the present invention; 

FIG. 8 is a graph illustrating the reflection variation 
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depending on the thickness variation of a buffering layer 

during recording with respect to the thickness variation of a 

thin metal film of the disc according to the present 

invention; 

FIG. 9 is a graph illustrating the variation of 

reflection depending on the thickness variation of a buffering 

layer in the disc according to the present invention; 

FIG. 10 is a graph illustrating the variation of writing 

power and CNR according to a first example of the present 

10 invention; 

15 

FIG. 11 is an AFM image of a substrate/thin metal layer 

on a recorded portion; and 

FIG. 12 is an AFM image of a buffering layer on a 

recorded portion. 

Detailed Description of the Inyention 

The optical recording medium of the present invention has 

a layer structure as shown in FIG. 6. A substrate 10 having a 

pregroove for guiding light during the recording, a thin metal 

recording film 20 formed on the substrate, a buffering layer 

20 30 and a reflective layer sequentially deposited on the 

substrate 10. A protecting layer 50 is optionally disposed on 

the reflective layer 40 for protecting the recording medium. 

In the present invention, a concentrated recording laser 

beam heats the thin metal recording film 20 when optical 

25 recording is performed, and the heat is transferred to both 

the substrate 10 and the buffering layer 30. A portion of the 

substrate 10 adjacent to a portion of the heated thin metal 

film is deformed by an thermal expansion, and the heated 

portion of thin metal recording film 20 swells up into the 

30 buffering layer 30 to form a pit. When the recorded 

information is reproduced, a recorded portion (i.e., pit) of 

the substrate 10 and a deformed portion of the thin film 20 

bear lower reflectivity, relative to an unrecorded portion, 

due to the following principles. 
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First, the reflectivity is lowered due to destructive 
interference caused by light reflected from a boundary surface 
between the substrate 10 and the thin metal recording film 20, 

and light reflected from a boundary surf ace between the 
5 buffering layer 30 and the reflective layer 40. That is, as 

shown in FIG. 7, the thickness of the buffering layer 30 in an 

unrecorded portion is first determined as 11d1
11 to make light 

11b1
11 reflected from the reflective layer 40 and light 11 c 11 

reflected from the thin metal film 20 in a pregroove of the 

10 substrate 10 constructively interfere with one another. In a 
recorded portion, the substrate 10 and the thin metal film 20 

swell up into the buffering layer 30 by thermal expansion and 

cause buffering layer 30 to deform. Thus, the thickness of the 
"buffering layer 30 becomes thinner, i.e., to a thickness "dz" 

15 at which destructive interference takes place. Moreover, the 

swelling up in the buffering layer 30 also causes the 

reflective layer 40 to deform. Accordingly, the reflectivity 

is lowered due to the destructive interference caused by light 
11 a 11 reflected from a boundary surface between the substrate 10 

20 and the thin metal film 20 and light "b2" reflected from a 
boundary surface between the buffering layer 30 and the 
reflective layer 40. 

The above phenomenon results from Fabry-Perot effect, and 

as shown in FIG. 8, the reflectivity of the recording medium 

25 varies according to the thickness of the buffering layer. 
Thus, the buffering layer should be manufactured using 

materials which can be deformed as much as the thickness 11 d2, 11 

which is suitable for destructive interference resulted from 

deformation of the thin metal film 20. 

30 Second, the reflectivity drops due to scattering of 
incipient light by the slanted and rounded walls formed in the 

recorded portion. That is, the substrate 10, the thin metal 

recording film 20 and buffering layer 30 are deformed as shown 

in FIG. 7. Since there are slanted and rounded surfaces on 
35 both sides of the recorded portion, a recording beam becomes 
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scattered at the side walls of the deformed portion of the 
thin metal film 20, so that reflectivity drops relative to the 
unrecorded portion where scattering of incident light does not 
occur. Accordingly, the recorded portion features lower 

5 reflectivity than an unrecorded portion, so that reproduction 

of recorded information can be available due to the difference 

of reflectivity between the recorded and unrecorded portions 
during playback. 

Third, when the thin metal film 20 absorbs the incident 

10 recording beam and the absorption portion is locally heated so 

that the temperature rises sharply, the materials of the thin 
metal film 20, the adjacent substrate 10 and the buffering 

layer 30 are locally thermal-decomposed so that the total 

reflectivity is lowered causing the reflection light "a" and 
15 11b2

11 shown in FIG. 7 to decrease. An AFM image of the 

deformation on substrate 10 and thin metal film 20 after 

removing uppper layers shown in FIG. 11. And FIG. 12 shows an 

AFM image of the deformation on the buffering layer 30 after 

removing the reflective layer 40. 

20 As described above,. the disc according to the present 

invention allows a reflectivity of 70% or higher in a 

unrecorded portion by installing a reflective layer 40 on a 

buffering layer 30 and adjusting the thickness of the 

buffering layer 30 so as to make light 11 b 11 reflected from the 

25 reflective layer 40 and light 11 c 11 reflected from the thin 

metal film 20 constructively interfere with one another. 

Particularly, the Fabry-Perot effect can be maximized by 
adjusting the reflectivity of the buffering layer 30 by adding 
or not by adding dye to the buffering layer 30. 

30 In the aforementioned disc according to the present 

invention, substrate 10 is transparent with respect to a laser 
beam and can be manufactured of polycarbonate, polymethyl­

metacrylate, epoxy, polyester or amorphous polyolefin, which 
has excellent impact intensity and is expansible by heat. The 

35 glass transition temperature for the thermal deformation of 
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substrate 10 ranges from B0°C to 200°c and is preferably 100°c 
to 200°C. For guiding the laser beam during recording of 
information, it is necessary to form on substrate 10 a 
pregroove having a depth of 30 to 450nm and a width of 0.1 to 

5 1.2µm. 

Since the thin metal film 20 functions as a heat­
generating layer for absorbing a recording laser beam and 
generating heat and a partial mirror for exhibiting contrast 
before and after recording, the absorption rate and the 

10 reflection should be constant. A suitable material has a 
thickness of JOA to sooA, a transmission s to 95% and an 
absorption of 5-95%. Moreover, non-metal film such as silicon 
and its compounds like silicon nitride, silicon germanium, 
silica and SiO can be used. 

15 Accordingly, as one of the optical properties of a 
material for forming such a thin metal or non-metal film, a 
complex refractive index preferably has a value (k) of an 
imaginary part being greater than or equal to 0.01. If k is 
less than 0.01, the absorption during recording is lower and a 

20 recorded portion is deformed to a lesser degree, which leads 
to a lower recording sensitivity. From a computer simulation, 
it has been determined that materials for the thin metal film 
or non-metal film with k values that fall within a pentagon 
defined by the vertices 7.15+3.93i, 7.15+5.BSi, B.96+6.28i, 

25 9.56+5.90i, and B.14+3.77i in the n, k plane does not provide 
the effective recording sensitivity for a desirable compact 
disc-recordable. 

If the thickness of the thin metal film 20 is greater 
than sooA, recording signals become smaller for th~ followi~g 

30 reasons. First, the deformation of a recorded portion becomes 
less due to the hindered expansion of substrate 10 by the thin 
metal film 20 during recording. Second, as shown in FIG. 9, 
the thicker the thin metal film 20 is, the smaller the 
reduction of the reflectivity depending on the thickness 

35 variation of the protecting layer during recording, which 



-~-·:· .·~:·:. ~· . 

10 

lowers the contrast between the recorded and the unrecorded 

portions. 

If the thickness of the thin metal film 20 is less than 

JOA, the heat generation due to the absorption during 

5 recording becomes smaller, which makes it difficult to.deform 

substrate 10. 

Also, if the thermal conductivity of the thin metal film 

20 is greater than or equal to 4W/cm°C, heat cannot 

concentrate on the thin film 20 when heated during recording 

10 and heating using the laser beam but instead is rapidly 

transferred around the thin metal film 20 so that heating 

exceeding a predetermined temperature becomes difficult. Even 

if the heating is possible, the size of the recorded portions 

may be increased to reach an adjacent track. Thus, the thermal 

15 conductivity of the thin metal film should be set to 4W/cm°C 

or below. 

A linear expansion coefficient of the thin metal film 20 

is preferably 3xlo-6/°C. If less than this, cracks may be 

generated in the thin metal film 20 by the expansion of the 

20 deformed substrate 10 during recording, thereby reducing the 

possibility of obtaining a uniform recording signal value. 

As materials for the thin metal film 20 sufficient to 

fulfill the above conditions, at least one metal selected from 

the group consisting of Au, Al, Cr, Cu, Ni, Pt, Ag, Fe, Ti, Ta 

25 and an alloy thereof can be adopted. The thin metal film 20 

formed of such a material is deposited on the sub$trate 10 by 

a vacuum deposition method, an electron beam method or a 

sputtering method. 

Th~ Buffering layer 30 for absorb~ng the deformation of 

30 the substrate 10 and the thin metal film 20, is easily 

deformed and is preferably formed of an organic material 

having appropriate mobility. The glass transition temperature 

of the buffering layer 30 preferably ranges from 60°C to 1B0°C 

and should be lower than that of the substrate 10. Here, if 

35 the glass transition temperature of the buffering layer 30 is 
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lower than 60°C, the recording stability may be reduced. The 

Buffering layer 30 formed of an organic material is dissolved 

in an organic solvent to then be coated by a spin coating 

method. At this time, a material which dissolves the organic 

5 material well but does not damage substrate should be adopted 

as the solvent. The thickness of the buffering layer 30 is set 

to have a reflectivity of 70% or.higher, as shown in FIG. 9. 

At this time, the range of 50 to 10,000A is suitable. 

The organic material which can be used as the buffering 

10 layer 30 includes a vinyl-alcohol resin, a vinylacetate resin, 

an acrylate resin, a polyester resin, a polyether resin, a 

polystyrene resin, an urethane resin, a cellulose resin, a 

fatty acid and low molecular weight organic compound. Also, 

copolymers of the above materials may be used as the buffering 

15 layer 30. 

In order to facilitate the thermal deformation of 

substrate during recording, an organic dye may be added to the 

buffering layer 30. If the dye is added, the buffering layer 

30 is also heated during recording, which makes the 

20 deformation of substrate easy. The amount of added dye should 

be less than 30wt% of the buffering layer material. More than 

this amount of dye makes it difficult obtain a higher 

reflectivity. A dye that absorbs the incident light during 

recording is chosen depend on a short (i.e., high density 

25 optical discs)or long (i.e., low density optical discs) 

wavelength of the recording laser beam. Preferably near­

infrared dyes which absorbs in the wavelength range of 780 to 

BSOnm, or dyes which absorbs in the wavelength are of 610 to 

700nm are used. For example, cyanine, croconium, squarrylium, 

30 phthalocyanine, or naphthalocyanine can be used. 

The reflective layer 40 may be formed by a vacuum 

deposition method, an electron beam method or a sputtering 

method. Metals such as Au, Al, Cu, Cr, Ni, Pt, Ag, Fe, Ti, Ta 

and alloys thereof may be adopted as the material of the 

35 reflective layer 40, and the thickness thereof may range from 
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sooA to isooA. 
A protecting layer so for protecting a recording medium 

can be a transparent material which has a strong impact 

strength and is cured by a ultraviolet (UV) rays. Epoxy or 

5 acrylate-series curing resin may be coated by a spin coating 

method and then is cured by the UV rays thus forming the 

protecting layer 50. 

Although the present invention has been described as the 

deformation each layer (i.e., substrate, thin metal film and 

10 buffering layer and reflective layer), it should be noted that 

deformation can occur in only one or two layers, depending on 

the laser beam power and/or the physical properties (e.g., 

Young's modulus, thermal conductivity, thermal expansion 

coefficient, glass transition temperature, etc.) of each 

15 layer. It should be noted that thermal deformation of the 

metal thin film itself is uncommon due to its very high 

melting temperature. However, the thermal deformation of the 

thin metal film can be occured depending on the laser beam 

power. For example, when the recording laser beam power is 

20 high, the thin metal recording film 20 can be melted to form a 

rim around the center of focused light by heating over metal 

melting point. 

Moreover, deformation can be only in the substrate 10 if 

the material used for a buffering layer has stable physical 

25 properties (e.g., lower thermal expansion· coefficient, higher 

glass transition temperature, and/or higher Young's modulus) 

than the material used for the substrate 10. It should be 

noted that deformation may occur in a thin metal film 20 and 

the buffering layer 30 by the heat transfer in the thin metal 

30 film 20 during laser recording. However, the deformation in 

the thin metal film 20 and the buffering layer 30 are so slim 

that it is very difficult to observe. Also such deformation 

has little effect during the recording. 

Furthermore, if the material used for the substrate has 

35 the stable physical properties compared to the material used 
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for the buffering layer 30, then deformation mainly occurs in 

both the buffering layer 30. It is also possible that 

deformations are mainly occured in both the substrate 10 and 

the buffering 30, when the material for substrate 10 and 
5 'buffering layer 30 has similar physical properties. 

10 

15 

The present invention will now be described in further 

detail with reference to examples. However, it should be 

understood that the present invention is by no means 

restricted to such specific examples. 

Example 1 

An Al thin film of 10nm was vacuum-deposited on a 1.2 mm 

thick polycarbonate substrate having a pregroove with a depth 

of 170nm and a width of O.Sµm and track pitch of 1.6µm. A 

coating solution formed by dissolving 0.9g of cyano-

biphenylepoxyamine in 10ml of diacetone alcohol was spin­

coated at a rate of 2000rpm to form a buffering layer thereon. 

At this time, the thickness of the buffering layer of the 

pregroove portion was measured by scanning electron microscopy 

(SEM) and the result was about 2sooA. After drying in a vacuum 

20 oven maintaining 40°C for four hours, Al of 1000A was vacuum-

deposited to form a reflective layer. Epoxyacrylate UV curing 

resin was spin-coated thereon to then be cured, thereby 
fabricating a disc. 

The disc was evaluated using an evaluation equipment 
25 adopting a laser beam of 780nm. CNR of 5ldB and 72~ 

reflectivity were obtained by l.3m/sec, 720kHz and SmW 

recording cond~tions with 0.7mW writing power. In case of 

recording speed of 4.Bm/sec with a writing power of lOmW and 
then a CNR of 42dB was obtained. If the writing power of the 

30 above recording conditions is changed, as shown in FIG. 10, 

the recorded signal having the CNR of 47dB or higher could be 

reproduced at 4mW or more. If audio recording is performed in 

an RP-lOOOCD manufactured by Pioneer Corp., this disc was 
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replayable in a compact disc player. Evaluation result of 

recording characteristics using a CD-CATS was proved to 

satisfy all items of CD specification. 

Examples 2-3 

5 In contrast with the first example, the thickness of Al 

thin film was changed into 7nm (second example) and 12nm 

{third example}, respectively. However, the following 

processes were the same with those of the Example 1, in 

fabricating the disc. Also, the recording evaluation was 

10 performed with the same evaluation conditions with those in 

the first example. The result showed that the disc made of 7nm 

thin metal film had the reflectivity of 73% and CNR of 48dB, 

and the disc made of 12nm thin metal film had the reflectivity 

of 69% and CNR of 53dB. 

15 Examples 4-8 

In contrast with the above examples, the metal was 

replaced with Au, Cu, Ag, Ni or Pt as indicated in the 

following table, and the disc was fabricated in the same 

method with that of the first example to be evaluated. 

20 Table 1 

25 

Example Thin metal film Reflectivity (%) CNR(dB) 

4 Au 72 50 

5 Cu 70 47 

6 Ag 69 50 

7 Pt 73 52 

8 Ni 73 52 

Examples 9-13 

In contrast with the above examples, the material of 

buffering layer was changed into a PMMA having Mw of 25,000, a 

30 PVA having Mw of 35,000 or a polyethyleneoxide having Mw of 

32,000, all manufactured by Polyscience, or a fatty acid 
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manufactured by Tokyo Kasei (standard kit FE M-1) . The 

thickness of a buffering layer in a pregroove was adjusted to 

be 25ooA and then the recording evaluation was performed in 

the same manner with that of the second example. 

Table 2 

Example Material of Reflectivity (%} CNR (dB} 

buffering layer 

9 PMMA 71 48 

10 PVAC 72 50 

11 PVA 71 49 

12 Polyethyleneoxide 70 50 

13 Fatty acid 72 52 

Example 14 

In forming a buffering layer, NK125 (Nippon Kankoh 

Shikishe Kenkyusho Co.) was added to the buffering layer as 

much as O.Swt% of the buffering layer material. The following 

processes were the same with those of the example 1, in 

fabricating the disc. When recording was performed with the 

disc of 1.3m/sec and 8mW, CNR of 52dB was obtained. When 

recording was performed 4.Bm/sec, CNR was 48dB. Also, the 

20 reflectivity was about 70%. The disc could be used for a CD-R. 

As described above, in the present invention, recording 

is allowed by adopting a buffering layer and a compatibility 

with a CD is possible. Particularly, since expensive organic 

dye is not used, the manufacturing cost can be reduced and the 

25 productivity can be greatly improved. 

It will be appreciated by those skilled in the art that 

the present invention has been described by way of exemplary 

embodiments which are illustrative and not restrictive of the 

scope of the present invention. The scope of the invention is 

30 to be determined by the following append claims. 
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What is claimed is: 

1. An optical recording medium comprising: 

a substrate having a pregroove; 

a thin metal recording film formed on said substrate; 

a reflective layer disposed above thin metal recording 

film; and 

a deformable buffering layer interposed between said thin 

metal recording film and said reflective layer. 

2. An optical recording medium according to claim 1, 

10 further comprising a protective layer disposed on said 

reflective layer. 

3. An optical recording medium according to claim l, 

wherein at least one of said pregroove substrate, said thin 

metal recording film and said buffering layer have a 

15 deformation portion. 

20 

25 

4. An optical recording medium according to claim 1, 

wherein said buffering layer is made of organic material . 

5. An optical recording medium according to claim 1, 

wherein said pregroove substrate and said thin metal recording 

film have deformation portions and said buffering layer has a 

reduced thickness at said deformation portions. 

6. An optical recording medium according to claim 1, 

wherein said pregroove substrate, said thin metal recording 

film and said buffering layer have a deformation portions. 

7. An optical recording medium according to claim 6, 

wherein said reflective layer has a deformation portion. 

8. An optical recording medium according to claim 1, 

wherein said thin metal recording film has an imaginary part 

of the complex refractive index that is greater than or equal 

30 to O. 01. 

9. An optical recording medium according to claim 1, 

wherein said thin metal recording film has a thickness in a 

range of 30A to sooA. 
10. An optical recording medium according to claim 1, 

35 wherein said thin metal recording film is made of a material 



I lllllll ltll\111\l llltl \11111 
* C L K S * 

17 
selected from a group consisting of Au, Al, Ag, Pt, Cu, Cr, 

Ni, Ti, Ta, Fe and alloys thereof. 

11. An optical recording medium according to claim 9, 

wherein said thin metal recording film is made of a material 

5 selected from a group consisting of Au, Al, Ag, Pt, CU, Cr, 

Ni, Ti, Ta, Fe and alloys thereof. 

12. An optical recording medium according to claim 1, 

wherein said buffering layer has a thickness in a range of soA 

to iooooA. 
10 13. An optical recording medium according to claim 4, 

15 

wherein said buffering layer has a glass transition 

temperature within a range of 60°C to 180°C. 

14. An optical recording medium according to claim 1, 

wherein said buffering layer having a deformation portion. 

15. An optical recording medium according to claim 1, 

wherein said buffering layer contains less than 30% organic 

dye. 

16. An optical recording medium according to claim 4, 

wherein said buffering layer contains less than 30% organic 

20 dye. 

17. An optical recording medium according to claim 1, 

wherein said reflective layer is made of a material selected 

from the group consisting of Au, Al, Ag, Pt, Cu, Cr, Ni, Ti, 

Ta, Fe and alloys thereof. 

25 18. An optical recording medium according to claim 1, 

wherein said thin metal recording film has a thermal 

conductivity of no more than 4W/cm°C. 

19. An optical recording medium according to claim 1, 

wherein said substrate has a deformation portion. 

30 20. A -method of optically recording on an optical 

recording medium comprising the steps of: 

providing a thin metal recording film on a pregroove 

substrate; 

providing a buffering layer on said thin metal recording 

35 film; and 
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18 
heating said thin metal recording film between said 

pregroove substrate and said buffering layer with a laser beam 

to cause deformation in at least one of said pregroove 

substrate, said thin metal recording film and said buffering 

5 +ayer, whereby 

forming pits where the deformation occurs. 

21. A method of optically recording on an optical 

recording medium as claimed in claim 20, wherein said step of 

heating said thin metal recording film further comprises a 

10 step of: 

detorming said buffering layer, said thin metal recording 

film and said pregroove substrate. 

22. A method of optically recording on an optical 

recording medium as claimed in claim 20, further comprises the 

15 step of: 

20 

providing a reflective layer on said buffering layer. 

23. A method of optically recording on an optical 

recording medium as claimed in claim 22, further comprises the 

step of: 

providing a protecting layer on said reflective layer. 

24. A method of optically recording on an optical 

recording medium as claimed in claim 20, wherein said 

buffering layer is made of organic material. 

25. A method of optically recording on an optical 

25 recording medium as claimed in claim 20, wherein said thin 

metal recording film is made of a material selected from a 

group consisting of Au, Al, Ag, Pt, Cu, Cr, Ni, Ti, Ta, Fe and 

alloys thereof. 

26. A method of optically recording on an optical 

30 recording medium as claimed in claim 20, wherein said 

buffering layer has a glass transition temperature ranging 

from 60°C to 180°C. 

27. A method of optically recording on an optica~ 

recording medium as claimed in claim 20, further comprises the 

35 step of: 
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19 
adding an organic dye to said buffering layer. 
28. A method of optically recording on an optical 

recording medium as claimed in claim 20, wherein said 
buffering layer contains less than 30% organic dye. 

29. A method of optically recording on an optical 
recording medium as claimed in ·claim 20, wherein said thin 
metal recording film has a thermal conductivity of no more 
than 4W/cm°C. 

30. A method of optically recording on an optical 
10 recording medium as claimed in claim 20, wherein said step of 

heating a thin metal recording film further comprises the step 

of: 

deforming said buffering layer. 

31. A method of optically recording on an optical recording 
15 medium as claimed in claim 21, further comprising the step of: 

deforming a reflective layer on said buffering layer. 


