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OPTICAL INFORMATION RECORDING MEDIUM AND RECORDING METHOD 

The present invention relates to a~ optical 

in~ormation recording medium and a method for recording 

information on such an optical information recording 

5 medium. More particularly, it relates to an optical 

information recording medium· capable of being optically 

written in or read out, which comprises a light 

transmitting substrate having a pregroove formed on its 

surface, a light absorptive layer of a coloring matter 

10 formed on the substrate and a light reflective layer made 

of a metal film formed on the light absorptive layer, and 

a method for recording information on such an optical 

information recording medium. 

As optical information recording media of· this type, 

15 compact disks (hereinafter referred to simply as 11 CD 11
) 

have been practically developed and widely used as 

optical information recording media of ROM (read only 

memory) type wherein pits are already formed on a light 

transmitting substrate by means of e.g. a press and a 

20 reflective layer of a metal is formed on the su"rface 
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As a further progress from such a ROM type, optical 

information recording media have been proposed on which 

information can be recorded by irradiating a laser beam 

5 to the substrate as the user requires. 

For example, Japanese Unexamined Patent Publication 

No. 89605/1979 discloses an optical information recording 

medium which comprises at least a transpar-ent substrate, 

a light absorptive layer containing a coloring matter 

10 formed on the substrate and a light reflective ~ayer 

formed on the light absorptive layer, and ·on which 

information can optically be recorded and from which the 

recorded information can be optically reproduced. 

Further, Japanese Unexamined Patent Publication No. 

15 189851/1983 or No. 171689/1984 discloses a recording 

method to such an optical information !ecording medium by 

deforming a layer ~djacent to the light absorptive layer. 

Japanese Unexamined Patent Publication No. 

135640/1984 or No. 210546/1984 proposes to flatten 

l 20 
l 

(hereinafter referred to as "leveling") the light 

reflective layer side of a light absorptive layer formed 

on a substrate having a pregroove, to improve the 

contrast of read-out signals obtained from an optical 

information recording ~edium. 
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25 Still further, Japanese Unexamined Patent Publication 

-No. 257931/1988 discloses an optical information 

recording medium having prepits, wherein the depth of the 
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prepits is definkd. 

However, such conventional optical recording media of 

recordable or writable type using coloring matters in 

their light absorptive layers, have a problem that they 

5 require new CD players useful exclusively for the 

reproduction of the signals recorded on such optical 

information recording media, and the information recorded 

in such optical information recording media· can not be 

reproduced by commonly and widely commercially available 

10 CD players for compact disks of ROM type. 

To conduct the reproduction by c9mmercially available 

CD players, optical recording media must be able to 

produce read-out signals which satisfy the CD standards· 

which are accepted world widely. 

{15 .To satisfy the CD standards, it is required that the 

reflectance is at le~st"70%; with respect to the degree 

of ·modulation of th~ read-out signals, I 11/Itop is at 

least 0.6, and I 3/Itop is from 0.3 to 0.7; the block 

error rate is at most 3.0 x 10-2 ; and further.when a 
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push-pull method is employed for tracking pits, the push­

pull value is from 0.04 to 0.07. 

This push-pull value will be explaine~. A so-called 

writable CD is expected to be capable of not only 

reproducing but also recording information so that read­

out signals satisfying the above CD standards can be 

obtained. Accordingly, in order to record information so 

that signals satisfying the CD standards can be 
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reproduced, it ·i~ necessary to ensure accurate tracking 

even when the CD is still in a non-recorded state. 

A three beam method or a push-pull method is 

generally known as a so-called tracking method for 

5 accurately positioning the laser pick up foO that its 

irradiation position is in alignment with the pit line on 
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the CD, and the recording and reproducing laser beams can 

accurately follow the track of the CD. 

According to this push-pull method, a photodetector 

is designed to detect lights reflected from the right and 

left sections along ~he track, and the laser pick up is 

accurately guided on the track by comparing the 

quantities of the lights reflected from the two sections. 

Such· a tracking method can be employed not only for an 

optical information recording medium already recorded, 

but also for an optical·information recording medium in a 

non-recorded state. 

Similar to the CD standards (see IEC 908), such a 

push-pull value is represented by (I1 - I 2 )/I0 , wherein 

I 0 is the optical power intensity of the beam reflected 

from the track, and I 1 - I 2 denotes the optical power 

difference in the two halves of the reflected beam 

measured at far field. 

The current CD standards prescribe a push-pull value 

in an already recorded state. According to this CD 

standards, the push-pull value is required to be within a 

range of from 0.04 to 0.07 at 0.1 pm radial offset, as 
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However, in order to record information so that read-

out signals satisfying the CD standards can be obtained, 

a push-pull value for recording is also necessary. The 

5 push-pull values before and after the recording should 

preferably be as close as possible to each other. 

· However, none of the conventional optical information 

recording media comprising a substrate having a 

j 10 

pregroove, a light absorptive layer containing a coloring 

matter formed on the substrate and a light reflective 

layer formed on this light absorptive layer, has· a 

standard relating to such a push-pull value, or indicates · 

the optimum conditions for the substr~te and the light 

absorptive layer satisfying the various conditions . .. 
15 prescribed by the above-mentioned CD standards. 

The present inventidn has been made in view of the 

above problems. It is an obje9t of the present invention 

to provide an optical information recording medium 

whereby read-out signals prescribed in the CD standards 

20 can readily be obtained and a method for optically 

recording information to such an optical information 

recording medium. 

Specifically, it is a first object of the present 

invention to provide an 9ptical recording medium whereby 

25 st~ble tracking is possible during the recording as well 

as during the reproduction, and the push-pull value 

satisfies the CD standards. 
This Sheet Has B 

11111111111u1r 



.,. 

l 
f 

.. 
- 6 -

:THIS SHEET "HAS BEE~ 
. REPLACED 

I 
It is a second object of the present invention to 

provide an optical recording medium whereby the 

reflectance and the degree of modulation.during the 

reproduction satisfy the CD standards. 

5 A third object of the present invention is to provide 
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a method for optically recording information to such an 

optical information recording medium to satisfy the above 

objects. 

Accord~ng to the first aspect, the present invention 

provides an optical information recording medium .. 
comprising a light transmitting substrate having a spiral 

pregroove formed on its surface, a light absorptive layer 

of a coloring matter formed on the substrat~ directly or 

with other layer interposed therebetween, and a light 

reflective layer made of a metal film formed on the light 

absorptive layer directly or with other layer interposed 

therebetween, wherein AS < 0.3 wherein AS is the optical 
. -

phase difference represented by AS = 2dsub{nsub - n~bs(l -

dabs/dsub)}/l wherein dsub is the depth of the layer 

boundary on the substrate side of the light absorptive 

layer at the portion corresponding to the pregroove, dabs 

is the depth of the layer boundary on the light 

absorptive layer side of the light reflective layer at 

the portion corresponding to the pregroove, nsub is the 

25 real part of the complex refractive index of the 

substrate and any layer present on the substrate side of 

the light absorptive layer, nabs is the real part of the 
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complex refracti~e index of the light absorptive layer, 

and l is the wavelength of a laser beam. Preferably, 

dsub is dsub ~ 50 nm. Such an optical information 

recording medium may have a ROM area wherein pits for 

5 read-out signals are already formed, at the region where 

the light absorptive layer is absent. The recording on. 

such a medium is conducted by irradiating a recording 

laser beam from the light transmitting substrate side to 

deform a layer on the substrate side of the light 

110 absorptive layer. 

According to the second aspect, the present invention 

provides an optical information recording medium .. 

comprising a light transmitting substrate having a 

pregroove formed on it~ surface, a light absorptive layer 

15 of a coloring matter formed on the substrate, and a light 

reflective layer made of a metal film formed on the light 

absorptive layer, w~erein 0.03 ~As ~ 0.3 wherein As i~ 

the optical phase difference between the reading laser 

beam reflected from the light reflective layer at the 

20 portion corresponding to the pregroove and the reading 

laser beam reflected from the light reflective layer at 

the portion corresponding to the land located on each 

side of the pregroove, represented by 6S = 2dsub{nsub -

nabsCl - dabs/dsub)}/1 wherein dsub is the depth of the 

25 layer boundary on the substrate side of the light 

absorptive layer at the portion corresponding to the 

pregroove, dabs is the depth of ~he layer boundary on the 
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light absorptive' layer side of the light reflective layer 

at the portion corresponding to the pregroove, nsub is 

the real part of the complex refractive index of the 

substrate and any layer present on the substrate side of 

5 the light absorptive layer, nabs is the real part of the 

complex refractive index of the light absorptive layer, 

and l is the wavelength of a laser beam; and 90 nm < dg = r 

~-350 nm wherein dgr is the thickness o~ the light 

absorptive layer at· the portion corresp?nding to the 

!10 pregroove. Preferably, dsub is dsub ;:_ ~~ nm. It is also 

i preferred that the optical parameter p is o.os.~ p ~ 1.6, 

wherein p = nabs·davll wherein dav is the average 

thickness of the light absorptive layer. Further, it is 

preferred that the imaginary part kabs of the complex 

15 ref£active index of the light absorptive layer. is kabs ~ 

0.3. A method for recording ~nformation on such an 

optical· recording m~dium comprises forming pits in the 

~ 
I 

I 
1 

pregroove of the optical information recording.medium by 

irradiating a recording laser beam from the substrate 

side. By this irradiation, the light absorptive layer 

side of the substrate is deformed. 

According to the third aspect, the present invention 

provides an optical information recording medium 

comprising a light transmitt.ing substrate having a 

25 pregroove formed on its surface, a light absorptive layer 

of a coloring matter formed on the substrate, and a light 

reflective layer made of a metal film formed on the light 
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absorptive layer, wherein -0.4 ~ 8S ~ -0.04 wherein 8S 

is the optical phase difference between the reading laser 

beam reflected from the light reflective layer at the 

portion corresponding to the pregroove and the reading 

laser beam reflected from the light reflective layer at 

the portion corresponding to the land located on each 

side of the pregroove, represented by 8s = 2dsub{nsub -

nabs(l - dabs/dsub>}/A wherein dsub is the depth of the 

layer boundary on the subst~ate side of the light 

lO absorptive layer at the portion corresponding to the 

pregroove, dabs is the depth of the layer boundary on the 

light absorptive layer side of the.light reflective layer 

at the portion corresponding to the pregroove, nsub is 

the real part of the complex refractive index of the 

15 substrate and any layer present on the substrate side of 

the light absorptive layer, nabs is the real part of the 

complex refractive .index of the light absorptive layer, 

and l is the wavelength of a laser beam; and 90 nm ~ d1 n 

~ 350 nm wherein d1n is the thickness of the light 

20 absorptive layer at the portion corresponding to the 

land. Preferably, dsub is d5u~ ~ 40 nm. It is preferred 

that the optical parameter p is 0.05 ~ p ~ 1.6 wherein p 

= nabs·dav/A wherein dav is the average thickness of the 

light absorptive layer. It~is also preferred that the 

25 imaginary part kabs of the complex refractive index of 

the light absorptive layer is kabs ~ ·0.3. A method for 

recording information on such.an optical recording medium 

. , 
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' I • comprises forming pits on the land of the optical 

information recording medium by irradiating a recording 

laser beam from the substrate side. By such irradiation, 

the light absorptive layer side of the substrate will be . 

deformed. 

In the accompanying drawings: 

Figure 1 is a partially cross sectional perspective 

view of an optical information recording medium l of the 

present invention. 

lO Figure 2 is a vertical cross sectional view of the 

main part of the optical information recording medium 1 

for describing the medium and the method for optically 
. 

recording information on such optical information 

recording medium 1. 

5 ·Figure 3 is a vertical cross sectional view of the 

main part in such a state that a pit is formed in the 

pregroove 6. 

Figure 4 is a graph showing the relation between the 

optical phase difference ~S and the quantity of the 

•· o reflected light. 

Figure 5 is a graph showing the relation between ~Ld 

{the c~ange in the optical distance between before and 

after the recording) and ~P.P. (the change in the push­

pull value between before and after the recording). 

. s Figure 6 i~ a graph showing the change of the push-

pull over the period covering before and after the 

recording. 
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Figure 7 is k graph showing the change in the push­

pull over the period covering before and after the 

recording, in a case where the push.-pull is rever.sed from 

negative to positive. 

Figure 8 is a graph showing the relation between p 

(=nabs·dav/l) and the reflectance. 

Figure 9 is a graph showing the relation between the 

imaginary part kabs.of the complex refractive index of 

the light absorptiye layer 3 and the reflectance. 

Now, the present invention will be described in .. 
detail with reference to Figures 1 to 9. 

Figure 1 is a partially cross sectional perspective 

view of an optical information recording medium 1 of the 

present invention, Figure 2 is a vertical cross sectional 

15 view of the main part of the same optical information 

recording. medium 1 before recording, and Figure 3 is a 

vertical cross sect~onal view of the main part of the 

same optical information recording medium 1 after l recording. 

20 This optical information ·recording medium 1 comprises 

a transparent substrate 2, a light absorptive layer 3 

formed on this substrate 2, a light reflective layer 4 

formed on this light absorptive layer 3 and a protective 

.layer 5 formed on this .light.reflective layer 4. 

s Further, an intermediate layer (not shown) may be 

provided between the substrate 2 and the light absorptive 

layer 3 or between the light absorptive layer 3 and the 

' 
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light reflective'layer 4, as the case requires. 

on the substrate 2, a pregroove 6 is formed in a 

.spiral-shape. On each side of this pregroove 6, a land 7 

i.e. a portion other than the pregroove 6, is present. 

The substrate 2 and the light absorptive layer 3 are 

in conta~t with each other along the first layer boundaty 

a. Likewise, the light absorptive layer 3 and the light 

reflective layer 4 are in contact with each other along 

As shown in Figure 3, when a r~cording beam (a 

recording laser ·beam) Ll is irradiated to the opt.ical 

information recording medium 1, the light absorptive 

15 lay.er 3 absorbs the energy of this laser beam Ll and 

generates heat, whereby heat deformation takes place.on 

the substrate 2 side to form a pit 11. In some cases, an 

optical change takes place in the light absorptive layer 

3. As clearly shown in Figure 2, the depth from the 

20 first layer boundary 8 at the portion corresponding to 

the land 7 located on each side of the pregroove 6 to the 

deepest bottom portion of the same first layer boundary 8 

at the portion corresponding to the pregroove 6 is 

designated as dsub" 

s Likewise,.the depth from the second layer boundary 9 

at the portion corresponding to the land 7 to the deepest 

bottom portion of the .same second layer boundary 9 at the 
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portion corresponding to the pregroove, is designated as 

dabs" 
The real part of the complex refractive index of the 

above substrate 2 and any layer located on the substrate 

2 side of the first layer boundary 8 is designated as 

nsub" Namely, when the light absorptive layer 3 is 

formed directly on the substrate 2 as illustrated in 

Figure 2, nsub is.the real part of the complex. refractive 

index.of the substrate 2 •. When any lay~r located on the 

10 substrate side of the first layer boundary 8 .exists, nsub 

is the real pa_rt of the compos).te complex refractive· 

index of the substrate 2 and such layer. 

The-real part of the comple~ refractive index of the 

light absorptive layer 3 is designated as nabs" 

5 ·The average thickness of the light absorptive layer 3 

is designated as dav. Here, the average thickness dav i-s 

represented by (vol~me of the light absorptive layer 

3)/(area of the region where the light absorptive layer 3 

is formed). 

o The thickness of the light absorptive layer 3 at the 

portion corresponding to the pregroove 6 is designated as 

dgr• 

The thickness of the light absorptive layer 3 at the 

portion corresponding to ~he land 7 is designated as din· 

s The imaginary part of the complex refractive index of 

the light absorptive layer 3 is designated as kabs" 

The wavelength of the reading beam (reading laser 

iliiiiiUf 
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Further, the optical phase difference of this reading 

laser beam L2 reflected from the light reflective layer 4 

between the portion corresponding to the pregroove 6 and . 

the portion corresponding to the land 7, is designated as 

6S. Now, this optical phase difference ~s will be 

described. 

Firstly, when a laser beam is irradiated from the 

substrate 2 side, the optical distance to the second 

0 layer boundary 9 at the portion corresponding to the land 

7 is represented by: 

when the first layer boundary 8 on the substrate side of 

the light absorptive layer 3.ln the pregroove 6 is 

5 regarded as the reference. 

Likewise, the optical distance to the second layer 

boundary 9 at the p~rtion corresponding to the pregroove 

6 is represented by: 

nabs· dgr 

o when the first layer boundary 8 on the substrate 2 side 

of the light absorptive layer 3 in the pregroove 6 is 

regarded as the reference. 

· Accordingly, the difference ND of the optical 

distances is represented as ~ollows: 

5 ND = C nsub · dsub + nabs· din> - nabs· dgr 

= nsub 0 dsub - nabsCdgr - din> 

where dgr + dabs = din + dsub" 

' . 
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Namely / d9 r ..! din = dsub - dabs· 

Accordingly, ND= nsub·dsub - nabsCdsub - dabs>· 

Accordingly, when the reading beam L2 is irradiated 

from the substrate 2 side, the optical phase difference 

AS = 2ND/1 of the reading beam L2 reflected by the light 

reflective layer 4 between the pregroove 6 portion and 

the land 7 portion is represented by: 

2dsub { nsub - nabs ( l - dabs/ dsub)} /l. 

As shown in Figure 4, when AS is changed within· a 

0 range of -0.5 ~AS ~ 0.5, the reflected light becomes 

maximum at AS = O by the interference effect and becomes 

minimum at AS = ±0.5. 

The present inventors have found it possible to 

obtain read-out signals satisfying the CD. standards 

within a range of AS < 0.3 from the results of .... 
experiments and simulation. 

Further, from the viewpoint of the practical 

requirements such as the uniformity of the coating layer 

and the moldability of the substrate 2, the optical phase 

o difference is pr~ferably -0.4 ~AS~ 0.3. 

Here,· the tracking error signal i.e. the push-pull 

signal depends particularly on this optical phase 

difference AS. 

For example, when AS is a positive number (AS> O), 

the optical distance at the land 7 portion is long as 

compared with the pregroove 6. 

In the recording method involving deformation of the 

I 
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substrate 2 at tfie first layer boundary 8 between the 

substrate 2 and the light absorptive layer 3, the surface 

of the layer on the substrate 2 side of the light 

absorptive layer 3 deforms in correspondence with the 

deformation of this substrate 2, whereby the optical 

distance of the recorded portion corresponding to the p~t 

11 becomes short. Accordi~gly, as shown in Figure 5, 

when the change ALd in the optical distance between 

before and after recording (the optical distance being 

0 represented by a product of the refractive index and the 

thickness of the light absorptive layer at the recorded 

portion) is 1/4, i.e. when the c~ange in the length of 

the light path between before and after recording is 1/2, 

there will be no change in the push-pull value between 

5 before and after recording (the change AP.P. in the push­

pull). Whereas, when the change ALd is less than 1/4, 

the push-pull value at the recorded portion tends to be 

large. 

In such a case, if recording is made in the pregroove 

O 6, the push-pull during the recording is always positive 

i.e. the phase is not reversed in the case as shown in 

Figure 6, whereby tracking can adequately be conducted. 

Accordingly, when AS > O, it is preferred to conduct 

the recording in the pregroove, whereby recording and 

5 reproduction can be conducted smoothly with a minimum 

variation in the push-pull as between the pit portion and 

the non-pit portion and without inversion of the phase of 
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the push-pull. be'tween the portion of pit 11 and the non­

pi t portion. 

If recording is made on the land 7 portion when AS > 

o, it is likely that the push-pull level becomes O during. 

the recording, as shown in Figure 7. If the push-pull 

level becomes O, tracking during the recording will be 

unstable, thus leading to mistracking or jitter. 

As a result of the study, the present inventors have 

found it possible to present an optical information 

10 recording medium 1 capable of tracking on the pregroove 6 

under a stabilized condition by adjusting the optical 

phase difference AS to a level w~thin a range of from 

· o.03 to 0.3. If AS is less than 0.03, the push-pull at 

the recorded portion tends to be too small to conduct 

15 tracking under a stabilized condition. On the other 

hand, if AS is larger than 0.3, the reflectance at the 

recorded portion wi.11 be small, whereby it becomes 

difficult to satisfy the reflectance of at least 70% as 

prescribed in t~e CD standards. 

20 In the case where AS < O, the optical distance of 

the pregroove 6 portion is long as compared with the land 

7 portion. As mentioned above with respect to. the case 

where AS > b, in the recording method involving 

deformation of the substrate 2 at the first layer 

25 boundary 8 between the substrate 2 and the light 

absorptive layer 3, the surface of the layer on the 

substrate 2 side of the light absorptive layer 3 deforms 
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in correspondence with the deformation of the substrate 

2 , whereby the optical distance of the recorded portion 

corresponding to the pit 11 becomes short. Accordingly, 

as shown in Figure 5, in the case where the change ALd in. 

the optical distance is A/4 (difference in the light 

path: A/2), there will be no difference in the push-pul~ 

between the recorded portion and the non-recorded portion 

(the change AP.P. in the push-pull). Whereas in the case 

where the change ~Ld is less than 1/4, the push-pull at 

the recorded portion tends to be large. 

If recording is made on the land 7 in such a case, 

the push-pull during the recording.is always po~itive 

i.e. the phase is not inverted as shown in Figure 6, 

whereby tracking can satisfactorily be conducted. 

-Accordingly, when AS < O, it is preferred that the 

recording is conducted"on the land 7, whereby recording 

and reproduction ca~ be conduct~d under a stabilized 

condition with a minimum variation in ~he push-pull as 

between the pit portion and the non-pit portion and 

o without inversion of the phase between. the pit 11 portion 

and the non-pit portion. 

Further, if recording is conducted on the pregroove 6 

portion when AS < O, the push-pull is likely to be O 

during the recording as shown in Figure 7. If the push-

5 pull be~omes O, tracking during the recording will be 

unstable, thus leading to mis~racking or jitter. 

As a result of the study, the present inventors have 

iifi~iUii 
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found it possibl~ ~o present an optical information 

recording medium 1 capable of tracking under a stabilized 

condition by adjusting the optical phase difference 6S to 

a level within a range of £rom.-0.04 to -0.4. If AS is 

larger than -0.04, the push-pull at the recorded portion 

will be too small, whereby tracking will be difficult. 

on the other hand, if this 6S is smaller than -0.4, the 

reflectance at the recorded portion will be small, and it 

will be difficult to satisfy the reflectance of at least 

10 70% as prescribed in the CD standards. 

Now, the depth dsub at the portion corresponding to 

th~ pregroove 6 will be described. By adjusting this 

dsub to a level of at least 40 nm, preferably at least 60 

nm, it is possible to obtain an optical information 

5 recording medium 1 having a high degree of modulation and 

little jitter or wave shape distortion, which thus 

satisfies the CD standards for read-out signals. 

Now, the thickness d
9

r at the portion corresponding 

to the pregroove 6 will be described. 

o In a case where recording is conducted in the 

pregroove 6 when the optical phase difference is AS > o, 
recording can be conducted under good condition with 

little wave shape distortion or jitter, when the 

thickness d
9

r at the pregroove 6 portion is from 90 to 

5 350 nm. 

Especially when d
9

r is from 150 to 300 nm, recording 

can be conducted under the optimum condition with a high 
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degree of modula~ion and no substantial change in the 

push-pull as between before and after the recording. If 

a is smaller than 90 nm, the optical phase difference 
gr 

between the recorded portion and the non-recorded portion 

tends to be too small to obtain adequate degree of 

modulation. On the other hand, if d9r exceeds 350 nm, 

jitter and waveform distortion will be substantial, and 

it becomes difficult to satisfy the CD standards with 

respect to the block error rate (BLER). 

0 Now, the thickness d1n at the portion corresponding 

to the land 7 will be described. 

In a case where r~cording is conducted on the land 7 

when the optical phase difference is AS < O, excellent 

recording can be conducted with little wave shape 

5 distortion or jitter when the thickness d1n at the land 7 

portion is from 90 to 350 nm. 

~specially when. din is within a range of from 180 to 

350 nm, recording can be conducted under an optimum 

condition with a large degree of modulation and· no 

o substantial.change in the push-pull between before and 

after the recording. If din is smaller than 90 nm, the 

optical phase difference between the recorded portion and 

the non-recorded portion, or between before and after the 

recording, tends to be too small to obtain adequate 

S modulation. On the other hand, if din is larger 350 nm, 

jitter and wave shape distortion will be substantial, 

whereby it becomes difficult to satisfy the CD standards 
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with re~pect to ~he block error rate (BLER). 

In the foregoing, the invention has been describec 

with reference to an embodiment wherein a single light 

absorptive layer is employed. However, the same 

description is applicable also to a case wherein a 

plurality of light absorptive layers exist, or an 

additional layer exists adjacent to the light absorpti7e 

layer. 

Further, the positive and negative symbols for push-

pull used in the foregoing description, may be inverted 

depending upon the positive or negative setting of the 

player. Even when the symbol is i~verted, the same 

description is applicable so long as there is no change 

in the symbol for push~pull between before and after 

l5 recording. 

Now, the optical parameter defined by p = nabs·davll 

will be described. 

From the results of the experiments and simulation by 

the present inventors~ it has been found that p = 
·20 nabs·davfl is a very important parameter. Namely, with an 

optical information recording medium 1 having a structure 

such that a light absorptive layer 3 and a light 

reflective layer 4 are formed on a substrate 2, it is 
. 

important that p = nabs·davfl whe.rein nabs _is the real 

: 25 part of the complex refractive index of the ~ight 

absorptive layer 3, dav is the average th~ckness of the 

thickness d
9
r of the pregroove 6 portion and the 
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thickness din of 'the land 7 portion and A is the 

wavelength of the reading laser beam, is set within a 

range of o.05 ~ p ~ 1.6 to attain a reflectance of at 

least 70% and output signals with a degree of modulation 

/I of at least 60% and a degree of modulation 
I11 top 

I /I ·of from 0.3 to 0.7, as prescribed in the CD 
3 top . 

standards. By adjusting the optical parameter p within 

the above range, the reflectance can be easily made to be 

at least 70% as prescribed in the CD standards. 

If p is smaller than 0.05, the thickness dav of the 

light absorptive layer 3 will have to be made as thin as 

o. os µm or less, such being not pz:.actical fr.om the 

viewpoint of the production. Accord.ingly, within the 

range of o.os ~ p ~ 0.6, a range of 0.30 ~ p_ ~ 0.6 is 

practical •. In o~der to secure an adequate degree of 

modulation, the optical parameter p is preferably at 

least O.l. In order to obtain stabilized recording 

properties with a high degree of modulation, a range of 

from 0.45 ± 0.1 is most preferred. 

Further, as shown in Figure 8, even if p is higher 

than 0.6, if it is at the peaks on the graph of Figure 8, 

it is possible that the reflectance exceeds 70%. 

Within~ range of from 0.6 < p < 1.6, there are two 

peaks which always exist within the ranges of 0.6 < p < 

1.10 and l.10 < p < 1.6. At such peaks, a high 

reflectance can be obtained. If p > 1.6, the thickness 

of the layer is so thick that it becomes difficult to 
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control the thickness, such being not practical from the 

viewpoint ·of production. 

The graph sh~wing this relation between p and the 

reflectance, can be represented by a function which ·is a . 

combination of an exponential function and a periodic 

function,.whereby the amplitude of the periodic function 

increases as the value p increases. 

The amplitude of this periodic function varies 

depending upon parameters such as the complex refractive 

indices of the layers constituting the optical 

information recording medium, their thicknesses ~nd the 

uniformity thereof. For example, if the refractive index 

of a layer located on the incident light side of the 

light absorptive layer 3 is small, the reflectance shifts 

to a higher side in the graph. 

Further, this graph can be represented by an 

exponential functio_n having the imaginary part kabs of 

the complex refractive index of the light absorptive 

layer 3 and dav as parameters. As shown in Figure 9, it 

has been found that the overall decrement of the 

reflectance in the graph increases as kabs increases. 

From the simulation prepared by the present 

inventors, it has been found that so long as the light 

absorptive layer 3 is homogeneous and there is no non­

uniform distribution in the real part nabs of the complex 

refractive index and in the average thickness dav' there 

will be no variation in the periodic cycle of the peaks 
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in the graph. 

under certain conditions, it is also possible to 

increase the reflectance at the bottoms of the graph in 

Figure a by controlling the above-mentioned parameters. 

However, when the optical parameter p is set in the 

vicinity of the bottoms; it becomes difficult to increase 

the degree of modulation and in some cases, the 

reflectance is likely to increase beyond the level prior 

to the recording. Thus, the optical parameter p is 

preferably set in the vicinity of the peaks. 

Now, kabs will be explained. 

In order to obtain a high reflectance, this kabs is 

required to be at most a.3. 

The present inventors have found that the numerical 

value of kabs is an important parameter. Namely, when 

this kabs is at most a.3, the closer the value kabs to a, 
the higher the refl~ctance~ Therefore, this range is 

most preferred. However, if the value is too close to O, 

the recording sensitivity will be poor. Therefore, it is 

required to be larger than a. Specifically, it is. 

preferably at least 0.01. Practically, it is preferably 

about a.as. 
When the optical parameter p is .within a range of 

from 0.05 to 0.6, the imaginary part kabs of the complex 

5 refractive index of the same layer is preferably at most 

a.3. When p is within a range of from 0.6 to 1.6, kabs 

is preferably at most 0.2. 
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such definit1ons of the present invention are 

applicable even when other layers are provided. For 

example, in a case where a transparent layer such as an 

enhancing layer of e.g. Si02 or a primer layer, is 

provided between the substrate 2 and the light absorptive 

layer 3, such a transparent layer may be taken as a part 
. . 

of the substrate 2, and in a case where a layer such as 

an adhesive layer or a hard layer, is provided between 

the light absorptive layer 3 and the light reflective 

0 layer 4, such an additional layer may be taken as a 

second light absorptive layer 3, and the optical 

parameter p will be p = (ni·d1+n2 :d2 )/a. In a case of a 

plurality of layers, the optical parameter p will be p = 

E(ni-di)/A where i is an integer and ni is t~e real part 

5 of° the· complex refractive inde_x of each layer, and di is 
. 

the average thickness of each layer. In this manner, 

even the case involving a plurality of layers, can be 

dealt with in the same way. 

Likewise, a 'composite complex refractive index K 

o representing the average of a plurality of kabs' can be 

obtained by K = Edi·ki/ Edi where ki is the imaginary 

part of the. complex refr.active index of each layer, and 

thus this case can be dealt with in the same manner as in 

the case of a single layer. 

S Now, the materials and physical properties of the 

respective layers will be described. Firstly, the light 

transmitting substrate 2 is made of a material having 
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high transparency with a refractive index within a range 

of from 1.4 to 1.6 to laser beams and is usually made of 

a resin having excellent impact strength. For example, a 

glass plate, an acrylate resin plate or an epoxy resin 

plate can be employed. Further, ·other layers such as a 

solvent resistant layer of e.g. Si02 and an enhancing 

layer, may be formed on the substrate 2. 

such a material is molded by a method such as an 

injection molding method. The thickness of the substrate 

0 2 is preferably from 1.1 to 1.5 mm to satisfy the CD 

standards. To obtain adequate effects of the present 

invention, polycarbonate is pre£er:r;ed as the material for 

the substrate 2. Furt~er, the thermal expansion 

coefficient a of the substrate 2 is preferably at a level 

5 of from 5. o. x io-5 to 7. 0 x lo-5 cm/°C. 

A tracking guide means is a provided on the surface 

·at the absorptive layer 3 sid~of the substrate 2. Such 

a tracking guide means may be so-call'ed sample servo i.e. 

address pits composed of pits formed ·at predetermined 

O intervals. However, a pregroove 6 formed in a spiral 

shape (Figures 2 and 3) is preferred. The spiral 

pregroove 6 is used to guide the tracking when data 

signals ~re to be recorded. 

: ... ':' .. ·.The depth of the pregroove 6 may be at any level so 

5, long as it meets the usual conditions. However, a depth 

of from 30 to 250 nm is suitable. Preferably, the depth 

·is from 60 to 180 nm. Further, the width of the 
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pregroove 6 is pteferably from 0.3 to 1.3 µm. The 

distance between one pregroove 6 to another pregroove 6 

i.e. a so-called tracking pitch is preferably 1.6 µm. 

Further, as the tracking means such as the pregroove 

6, the t~me code information (ATIP: absolute time in 

pregroove) may be recorded along the edge of the 

pregroove 6. Such a pregroove is usually formed by 

pressing a stamper at the time of the injection molding 

of the substrate 2. However, it may be formed by cutting 

with a laser beam or by a 2P method (photo-polymer 

method). 

Next, the light ab~orptive.layer 3 is a layer of a 

light absorptive material formed on the tracking guide 

means of the substrate 2. It is a layer which undergoes 

5 heat g~neration, fusion, sublimation, deformation or 

property change when irradiated with a laser beam. This 

light absorptive layer 3 is formed by uniformly coating 

on the surface of the substrate 2 ~ cyanine dye or the 

like dissolved in a solvent by a method such as a spin 

. o coating method. 

As the material for the light absorptive layer 3, any 

conventional optical information material may be used to 

obtain the effects of the present invention. However, a 

l~ght absorptive organic dye is preferred. Specifically, 

5 light absorptive organic dyes such as a polymethine dye,· 

a triarylmethane dye, a pyrylium dye, a phenanthrene dye, 

a tetrahydrocholine dye, a triarylamine dye, a squarylium. 
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dye, a croconic methine dye· and mellocyanine dye, may be 

mentioned.· However the material of the light.absorptive 

layer is not 'limited to such examples. The effects of 

the present invention can be obtained, so long as it is a. 

conventional optical recording material. 

Further, the light absorptive layer 3 may contain 

other dyes, resins (e.g. a thermoplastic resin such as 

nitrocellulose, or a thermoplastic elastomer}, liquid 

rubber, etc. 

Specifically, isobutylene, a maleic anhydride 

copolymer, an ethylene-vinyl acetate copolymer_, 

chlorinated polypropylene, polyethylene oxide, polyamide, 

nylon, a cumarone resin, a ketone resin, a vinyl acetate, 

polystyrene, PVA (polyvinyl alcohol) and PVE (polyvinyl 

· 5 ester) may, for example, be mentioned. 

As a cellulose derivative, carboxymethyl cellulose, 

nitrocellulose, HPC_ (hydroxypropyl cellulose), HEC 
.. 

(hydroxyethyl cellulose), MC (methyl cellulose), EC 

(ethyl cellulose}, EHEC (ethylhydroxyethyl cellulose) or 

o CMEC (carboxymethylethyl cellulose) may be mentioned. 

·As an oligomer, oligostyrene or methylstyrene 

oligomer may be mentioned. 

As an elastomer rubber, a styrene block copolymer or 
. 

a urethane thermoplastic elastomer may be mentioned. 

5 The light absorptive layer 3 is formed by applying 

the above-mentioned dye and optical additives dissolved 

in a known organic solvent (such as ketone alcohol, 
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acetyl acetone, methyl cellosolve or toluene), on the 

surface of the .substrate 2 having the_pregroove 6, or on 

the surface of other layer formed on the substrate 2. 

For such application, a vapor deposition method, a LB. 

5 method or a spin coating method may be mentioned. Among 

them, a spin coating method is preferred, since the 

thickness of the light absorptive layer 3 can easily be 

controlled by adjusting the concentration, viscosity or 

the drying speed of the solvent. 

1o As a specific method for controlling the thickness of 

this light absorptive layer 3, a method of changing the 

rotational speed of the spin coati?g, a method of. 

conducting spin coating with a mixture of substances. 

having different viscosities, a method of conducting spin 

5 coating with a light absorptive l~yer substance dissolved 

in a plurality of solvents, or a method of conducting 

spin coating with a mixture of high boiling point 

substances, may be mentioned. 

Now, the light reflective layer 4 is a metal film. 

o For example, gold, silver, copper, aluminum or. an alloy 

thereof is formed into such a metal film by a method such 

as a vapor deposition method or a sputtering method. 

Among them, a metal film compose.d mainly of gold or an 

alloy containing gold is preferred, since it is required 

s to have a reflectance of at least 70%. 

F~r~her, to prevent oxidation of the light reflective 

layer.~, other layer such as an oxidation resistant layer 
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rrey be formed on' the light reflective laye.r 4. 

The protective layer 5 is formed with a resin 

ex.cellent in the impact st.rength similar to the substrate 

2_ For example, it is formed by coating an ultraviolet 

5 c~rable resin by spin coating, followed by irradiation 

w~th ultraviolet rays for curing. As other materials, an 

e~xy resin, an acrylate resin, a silicone hard coat 

r=sin, etc. may be used. 

The protective layer 5 is usually formed by coating a 

10 nonomer or oligomer of an· organic compound capable of 

filrming a polymer by polymerization, followed by a cross 

linking reaction. However·, the tnater ial is not limited 

tn such an organic compound. For example, an inorganic 

s~bstance may be applied by a known method such as a 

. 5 s:;iuttering method or a vapor qeposition method. 

0 

In~order to obtain a protective layer of an organic 
. . 

polymer .. by the cros~ linking reaction, it is advantageous 
·~ .. ~:. 

from th~ operational point of view to adopt a method 
. ,~;j. . 

wherein'·;a reaction initiator and a reaction catalyst are 
.·.i,.~t.;;.:J. .... : 

,;e.;!&i::·. 
addedi;.A.~ small amounts to a mixture ·of a monomer and an 

-~~1~~1.~ 
oligom~~~of an organic polyrnerizable compound having at 

.:ji.it; ' 
least.)~ti7'. re~ctive acryloyl group (-CH=CH2 ) per molecule, 

such quid mixture is coated and then cross-linked by 

irrad~~n with ultraviolet rays or electron beams. 

5 ·~~r'. ~he cross linking method is not limited to 

such ,. .ecif1c example. For instance, a resin curable 

by as an epoxy resin or a urethane resin may be 
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employed, or the' one curable with moisture in air such as 

a dialkoxysilane coupling agent may be employed. 

The backbone chains and side chains of the cross-

linked product thus obtained may be a saturated or 

unsaturated linear hydrocarbon, or may contain a cyclic 

compound of e.g. melamine or bisphenol type. Further, 

the backbone chains or side chains of such a cross-linked 

product may contain at least one other bond such as an 

ester bond in the form of a polyester, an urethane bond 

10 in the form of a polyurethane, an ion linkage in the form 

of an ionomer, an amide bond in the form of a polyamide, 

an imide bond in the form of a polyimide, a sulfone bond 

in the form of a polysulfone or a· sulfide bond in the 

form of a polysulfide. It may be a copolymer compound 

l5 containing two or more suqh bonds, or it may be a block 

polymer. 
i 

Further, these cross-1·inked products may contain a 

fluorocarbon in their side chains· 
0

in order to improve 

their moisture resistance or may contain epoxy resins to 

20 prevent the degradation by a hydrogen halide. 

Further, they may contain hydroxyl groups, carboxyl 

groups, acrylic groups, amino groups or vinyl acetate 

groups in their side chains in order to improve the 

adhesion to the light reflective layer 4. The backbone 

25 chains or side chains may contain a basic acid. 

For the formation of the protective layer S, the 

coating solution may contain in addition to the resin, 

.. 



·• 

5 

0 

· .. 

THIS .S~EET HAS a·· • . r ' ' . , 
. Rt!' ... · EBN· •· 
. i::.PLA:Cfm. • · · · 

- 32 -

the reactants· and the reaction initiator, a solvent or a 

diluent to improve the coating properties. Further, to 
I 

stabilize the coated film, a leveling agent, a 

plasticizer, an antioxidant, an antistatic agent, etc. 

may be incorporated. Further, if necessary, the coating 

solution may be colored with a pigment or a dyestuff. 

The curing of the r~sin may be controlled by 

adjusting the cross linking density of the cross-linked 

structure or by adjusting the concentration of the 

reactive acryloyl groups. The curing may also be varied 

depending upon the degree of freeness of the molecular 

rotation of the ol~gomer itself which forms the backbone 

chain. 

In the optical information recording medium 1 of the 

. 5 p~esent invention, a layer behind.the light absorptive . 

layer 3 relative to the light transmitting substrate 2, 

such as the light r~flective layer 4 or the·protective 

layer 5, is preferably made of a material having a heat 

distortion temperature and a hardness higher than the 

o layer on which pits 11 are formed. By forming the layer 

behind· the absorptive layer 3, with a hard material, the 

block error rate of recorded signals can effectively be 

reduced. 

Within the practical environmental temperatur~ i.e. 

s from -15°C to 70°C as prescribed in the CD standards, by 

adjusting the hardness of the protective layer 5 to a 

level of a pencil hardness of at most 2H, it is possible 
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to control the deformation of the second lay~r boundary 9 

at the light reflective layer 4 side of the light 

absorptive layer 3. Consequently, the wave-form 

distortion can be controlled, and excellent recording 

with a minimum BLER (block error rate) can be attained. 

BLER tends to increase as the hardness of the protectiv~ 

layer 5 decreases. 

By adjusting the thermal expansion coefficient a of 

the protective layer 5 to a level within a range of from 

1.5 x 10-5 to 9.0 x 10-5 within the practical 

environmental temperature of from -15°9 to 70°C, this 

protective· layer~S shows a thermal_ volume cha~ge similar 

·to the substrate 2, whereby the optical information 

recording medium 1 will hardly undergo warping as a whole 

~ 5 even when subjected to a heat. 

In a case where a is less than 1.5 x io-5 , the 

·substrate 2 will expand more by the thermal expansion 

under heating, and the optical information recording 

medium·! will warp to the protective layer 5 side, 

o wheieb~ a tension will be created in each layer on the 

substrate 2, thus leading to an increase of jitter of the 

recorded pits 11. 

When a is larger than 9.0 x 10-5 , the protective 

layer 5 will expand more by thermal expansion under 

S heating, and the protective layer 5 will sag, whereby ply 

separation will take place between the light absorptive 

layer 3 and the light reflective layer 4 or between the 
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. • 1 4 d th t t. 1 =eflective ayer an e pro ec ive ayer 5. 

:ft"=en the shrinkage of the protective layer 5 is 

adji.lS~ec to be not higher than 12%, even if it is cured 

anc 5 ::;:,jected to a heat cycle test to remove a strain of 

the resin
1 

no cracking appears on the protective layer s. 
!n cc=..siceration with the mechanical strength, this 

shr~~r~ge is preferably at·most 10%. 

?-~thermore, an oxidation resistance layer to prevent 

or.i~..a=ion of the light reflective layer 4 may be 

inte~posea between the light reflective layer 4 and the 

prc~=ctive layer s. 
~ecording on the optical infor~ation recording medium 

of ~~-= present invention can be conducted by a 

cotz·•~;...io:nal. optical information recording a_~paratus as 

aescri.bed below. Namely, the optical information 

~ec:o=c~ng medium 1 is disposed so that the surface of the 

i~ ~ransmitting ·substrate 2 faces the laser - . 
irr.ae1ation means i.e. the pick up side of the optical 

inf.o=;:ration recording apparatus. While rotating this 

/·::}: opt:~cz.., information recording medium 1 by" a spindle . 
'*t~~:·:._. 
···--,,·.imoec::::c:, .a 1aser spot modulated into a signal prescribed in 

'.,.~~~::d:.e CD standards is irradiated tG the light absorptive 

optical infor~ation recording medium 1 by 

;__t:be ¢.die up to form a pit 11, under tracking by means of 

trackihg guide means. 

~1~?-:· "'iin~:t:he optical information recording method according 
.:Y.~:·--
:.:.: 

,;;'"'r._:'.:_:,~-;~ present invention, it is preferred to irradiate a 
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laser spot with a wavelength l of about 780 nm. Further, 

with respect to the CD standards, the linear speed is 

required to be at a level of from 1.2 to 1.4 m/sec, and 

the recording power may .be at a level of from.6 to 9 mW. 

Namely, with a commercially available CD player, 

recording can be conducted by increasing the recording 

power to a level higher than the power for play back~ 

At the time of this recording, when the land 7 

portion between the pregrooves 6 is optically bright 

0 dep~nding upon the conditions such as the thickness of 

the light abs~rptive layer 3, as described above, it is 

preferred to irradiate the laser beam to form pits 11 in 

the pregroove 6. When the pregroove 6 is optically 

bright, it is preferred to form pits 11 on the land 7 

portion. 

By forming pits 11 under such conditions, the 

difference in the brightness of the reflected light of 

the reading laser beam for play back will be distinct, 

and a high degree of modulation can be obtained. 

Thus, it is readily possible to obtain an optical 

information recording medium 1 ·capable of providing read­

ou to signals satisfying the CD standards. 

l!~~The optical information recording medium 1 of the 

pr.esent invention is preferably of the type s~own in 

Figure.3, wherein when a recording laser beam Ll is 

irradiated from a substrate 2 side to the light 

absorptive layer 3, this light absorptive layer 3 absorbs 

.· 
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the laser beam Ll and generates heat, whereby the surface 

of the substrate 2 is locally deformed to form pits 11 on 

the surface of the substrate 2. 

otherwise it may be of the type wher~in the light 

absorptive layer 3 undergoes an optical change whereby 

pit 11 will be formed. 

Further, there is a case wherein a component fused or 

decomposed by the irradiation with the above laser beam 

Ll diffuses into the softened substrate 2 and will be 

partially mixed and or chemically reacted with the 

components constituting the substrate 2 to form there a 

portion which is optically dif ~erent from other portions 

of the light absorptive layer.3 or the substrate 2 and 

which thus constitutes a pit 11 • 

. ·Reproduction of the recorded signals can be conducted 

by irra_diating a reading laser beam L2 from the substrate 

2·side and reading ~he difference in the brightness due 

to the optical phase differe.~ce 8S between the reflected 

light from the pit 11 portion and the reflected light 

from the portion other than the pits 11. 

~ ·.Further, the present invention is applicable not only 

to an optical information recording medium 1 wherein the 

·light absorptive layer 3 is formed substantially over the 

:·, .... ,.~~tire surface of the substrate 2, but also to an optical 
-~~·_;-.:-.~ 

· '··'·information recording medium wherein a part of the 
... 

~·substrate 2 is a recordable region having the light 
<• 

/ absorptiv~ layer 3 and the rest of the substrate 2 is a 
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ROM reg1on having pits 11 capable of reproducing CD 

. . formatted signals. Such an optical information recording 

medium may be prepared, fo_r example, by preliminarily 

forming by e.g. a stamper, pits for read-out signals at-

., 5 the portion corresponding to the ROM region on the 

surface of the substrate and forming a light absorptive . 

layer 3 only at the outer recordable region. 

with such an information recording medium, it is 

possible to preliminarily record the same data in a large 

j 
0 

quantity at the ROM regi<;m, and the ROM region is free 

from errors such as inadvertent erasure or misrecording, 

since there is no light absorptive.layer 3 in this 

region. Further, at the region where the light 

absorptive layer 3 exist, the user can record optional 

data as he wishes. And, this recorded data can be 

reproduced with the signals prescribed by the CD 

standards, and ther~fore can be reproduced by 

commercially available CD players in the same manner as 

the information recorded on the ROM region. 

Now, the present invention will be described in 

detail with reference to Examples. However, it should be 

understood that the present invention is ~y no means 

restricted to such specific Examples. 

EXAMPLE 1 

A polycarbonate substrate of a disk shape having a 

thickness of 1.2 mm, an outer diameter of 120 mm and an 

inner diameter of 15 mm and having a spiral pregroove 

i1iiiili~f 
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formed on its su~face with a width of 0.4 µrn, a depth of 

130nm and a pitch of 1.6 µrn, was formed by injection 

molding. 

As a cyanine dye, 0.55 g of l,1 1-dibutyl-3,3,3',3 1-

tetramethyl-4,5,41,51-dibenzoindodicarbocyanine 

perchlorate (product number NK3219, manufactured by 

Nippon Kanko Shikiso K.K.) was dissolved in 10 mi of an 

acetylacetone solvent, and the solution was spin-coated 

at a rotational speed of 3000 rpm for about 5 seconds. 

when the film-forming started, the rotational speed was 

reduced to 300 rpm, and the rotat~on was continued until 

the film was sufficiently drie~ to form a light 

absorptive layer having a thickness (d
9

) of 150 nm. The 

depth (dabs> in the groove of this light absorptive layer 

.. 5 was·62 nm, and the complex refractive index .Cnabs> was 
. 

2.1. The wavelength (a) of the reading laser beam was 

780 nm, and the opt~cal parameter (p) at that time was 

u.~. Further, since the refractive index (nsub> of the 

polycarbonate as the substrate material was 1.58, the 

o optical phase difference (AS) between the pregroove and 

the land in the non-recorded state was 0.056. 

Over the entire surface of this disk, a gold film 

having a thickness of 60 nm was formed by a vacuum 

deposition method. Further, on this reflective l~yer, an 

. s ultraviolet curable resin was spin-coated and then cured 

by irradiation with ultraviolet rays, to form a 

protective layer having a thickness of 10 pm. 
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To the optical information recording medium thus 

obtained, a semiconductor laser having a wavelength of 

?80 nm was irradiated at a linear speed of 1.2 m/sec with 

a recording power of 6.8 mW, to record EFM signals. 

Then, this optical information recording medium was 

played back by a commercially available CD player (Aurex 

XR-V73, wavelength of the reading laser beam A = 780 nm, 

a laser with a reading power of 0.5 mW), whereby the 

reflectance of the optical information recording medium 

l 0 was 73. 5%, I 11/Itop obtained from the eye pattern of the 

read-out signals was 0.78, I 3 /Itop was 0.45, the block 

error rate was 2.0 x 10-3 , and the push-pull value was 

o.067. Thus, the optical information recording medium 

fully satisfies the requirements prescribed in the CD 

·~ standards. 

·EXAMPLE 2 

on a polycarbon~te substrate molded in.the same 

manner as in Example l, 0.65 g of the same cyanine dye as 

used in Example l dissolved in 10 mt of an acetylacetone 

-0 solvent, was coated by spin coating at a rotational speed 

of 2500 rpm for about 5 seconds. When the film-forming 

started, the rotational speed was reduced to 800 rpm and 

the rotation was continued until the film was 

sufficiently dried to form a light absorptive layer 

having a thickness ld9 ) of 160 nm. 

The depth (dabs> in the groove of this light 

absorptive layer was 75 nm, and the complex refractive 

ii1iii1i1iUi 

r ' . 
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index (nabs) was '2.7. The wavelength (A) of the reading 

laser beam was 780 nm, and the optical parameter (p)· at 

that time was 0.55. Further, since the refractive index 

) of the polycarbonate as the substrate material was 
Cnsub 

1 _58 , the optical phase difference (fiS) between the 

and the land in a non-recorded state was 0.15. pregroove 

~~.-~-:over the entire surface of this disk, a gold film 

· . ...:,.- .. ,_;having a thickness of 60 nm was formed by a vacuum 
·:~ . -·~ ·. :· ·':"-:· ~ ~ 

· :d~~sition method. Further, on this light reflective 
~·::: :.:···::· 

:1~yer·, an ultraviolet curable resin was spin-coated and 

c~_~_ed_'.}?Y irradiation with ultraviolet ·rays to form a 

protective layer having at thickn~ss of 10 µm. 

·., .::.;;. -.To. ~the optical information recording medium thus 

obtained,~a semiconductor laser having a wavelength of 

780.nm was irradiated at a linear speed of 1.2 m/sec with 

a recording power of 6.8 mW, to record EFM signals, in 

the same manner as in Exa~ple 1. Then, this optical 

information recording medium was played back by a 

commercially available CD player, whereby the reflectance 

of.the optical information recording medium was 70.3%, 

.I11/Itop obtained from the eye pattern of the read-out 

signals, was 0.75, I 3/It was 0.42, the block error rate ·. op 

was 2.2 x 10-2 , and the push-pull value was 0.069. This 

optical informati~n recording medium sufficiently 

sati.sfies the requirements prescribed in the CD 

standards. 
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EXAMPLE 3 

THIS SHEET HAS BEEN 
REPLACED 

A polycarbonate substrate of a disk shape having a 

thickness of 1.2 mm, an outer diameter of 120 mm and an 

inner diameter of 15 mm and having a spiral pregroove 

formed on its surface with a width of 0.3 µm, a depth of 

180 nm and a pitch of 1.6 µm, was formed by injection 

molding. To the polycarbonate substrate molded in this 

manner, 0.50 g of the same cyanine dye as used in Example 

1 dissolved in 10 mt of an acetylacetone solvent, was 

coated by spin coating at a rotational speed of 3000 rpm 

for about 5 seconds. When the film-forming started, .the 

· rotational ·speed was reduced to 300 rpm, and the rotation 

was continued·until the film was sufficien~ly dried to 

form a light absorptive layer having a thickness (dg) of 

140-nm. 

The depth (dabs> in the groove of this light 

absorptive layer wa? 66 nm and the complex refractive 

index (nabs> was 2.7. The wavelength (a) of the reading 

laser beam was 780 nm, and the optical parameter {p) at 

that time was 0.48. Further, since the refractive index 

(nsub> of the polycarbonate as the substrate material was 

1.58, the optical phase difference (AS) between the 

pregroove and the land in a non-recorded state was 

-0.068. 

Over the entire surface· of this disk, a reflective 

layer and a protective layer were formed in the same 

manner as in Example 1. To the optical information 

.. 
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recording medium
1

thus. obtained, a semiconductor laser 

having a wavelength of 780 nm was irradiated at a linear 

speed of 1.2 m/sec with a ~ecording power of 6.8 mW, to 

. record EFM signals. Then, this optical information 

recording medium was played back by a commercially 

available CD player, whereby the reflectance of the 

optical information recording medium was 77.5%, I 11/Itop 

obtained from the eye pattern of the read-out signals, 

was 0.65, I 3/Itop was 0.40, the block error rate was 5.2 

0 x 

10~3, and the push-pull value was 0.055. This optical 

infqrmation recording medium sufficiently satisfies the 

requirements ~rescribed in the CD standards. 

EXAMPLE 4 

-A polycarbonate substrate having a thickness of 1.2 

mm, an outer diameter of 120 mm and an inner diameter of 

15 mm and having a ~piral pre.groove formed on its surface 

with a width of 0.8 µm, a depth of 180 nm and a pitch of 

1.6 µm, was formed by injection molding. To the 

polycarbonate substrate thus molded, 0.60 g of the same 

cyanine dye as used in Example 1 dissolved in 10 me of an 

acetylacetone solvent, was coated by spin coating method 

at a rotational speed of 2500 rpm for about 5 seconds. 

When the film-forming started, the rotational speed was 

reduced to 1500 rpm, and the rotation was continued until 

the film was sufficiently dried to form a light 

absorptive layer having a thickness (d
9

) of 150 nm. 
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The. depth (d~bs> in the groove of this light 

absorptive layer was 118 nm and the complex refractive 

index {nabs> was 2.7. The wavelength (A) of the reading 

laser beam was 780 nm, and the optical parameter (p) at 

that time was 0.52. Further, since the refractive index 

{nsub>. of the polycarbonate as the substrate material was 

1 .ss, the optical phase difference (~S) between the 

pregroove and the land in a non-recorded state was 0.3. 

over the entire surface of this disk, a reflective 

layer and a protective layer were formed in the same 

manner as in Example l_. 

~ To the optical informatiop recording medium thus 

obtained, a semiconductor laser having a wavelength of 

780 nm was irradiated at a linear speed of 1.2 m/sec with 

5 a recording power of 6.8 mW, to Fecord EFM signals . 
. 

Then, this optical information recording medium was 

played back by a co~erci_ally available CD player, 

whereby the reflectance of the optical information 

recording medium was 70.0%, I 11/Itop obtained from the eye 

pattern of the read-out signals, was 0.61, I 3/Itop was 

0.32, the block error rate was s.s x lo-3 , and the push­

pull value was 0.070. This optical information recording 

medium fully satisfies the requirements prescribed in the 

CD standards. 

EXAMPLE 5 

A polycarbonate substrate having a thickness of 1.2 

mm, an outer diameter of 120 mm and an inner diameter of 
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15 mm and having'a spiral pregroove formed with a width 

of o.4 pm, a depth of 180 nm and a pitch of 1.6 µm, was 

formed by injection molding. To the polycarbonate 

substrate thus molded, a solution having 0.65 g of the 

same cyanine dye as used in Example l dissolved in 10 mi . 

of an acetylacetone solvent and having 0.1 g of 6-nylon 

(MW = 35000) further dissolved, was coated by spin 

coating at a rotational speed of 3000 rpm for about 5 

seconds. When the film-forming started, the rotational 

speed was reduced to 300 rpm, and the rotation was 

continued until the film was sufficiently dried to form a 

light absorptive layer having a thickness (d
9
f of 250 nm. 

The depth (dabs> in the groove of this light 

absorptive layer was 10 nm and the complex refractive 

5 index (nabs> was 2.4. The wavelength (A) of the reading 

laser beam was 780 nm, and the optical parameter (p) at 

that time was 0. 77. Further,· since the refractive index 
.. 

(nsub> of the polycarbonate as the substrate material was 

1.58, the optical phase difference (6S) between the 

pregroove and the land.in a non-recorded state was -0.32. 

Over the entire surface of this disk, a reflectiye 

layer and a protective layer were formed in the same 

manner as in Example 1. 

To the optical information recording medium thus 

obtained, a semiconductor laser having a wavelength of 

780 nm was irradiated at a linear speed of 1.2 m/sec with 

a recording power of 6.8 mW, to record EFM signals, in 

This Sheet Has Been Replaced 
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the same manner As in Example 1. Then, this optical 

information recording medium was played ·back by a 

commercially available CD player, whereby the reflectance 

of the optical information recording medium was 70.5%, 

I 11/Itop obtained from the eye pattern of the read-out 

signals, was 0.65, I 3/Itop was 0.35, the block error rat~ 

was 3.0 x 10-2 , and ~he push-pull value was 0.048. This 

optical information recording medium fully satisfies the 

requirements prescribed in the CD standards. 

EXAMPLE 6 

A polycarbonate substrate of a disk shape having a 

thickness of 1.2 mm, an outer.diameter of 120 mm and an 

inner diameter of 15 mm and having spir~l prepits 8 

capable of reproducing CD formatted signals formed with a 

~ 5 widt~ of 0.6 pm, a .depth of 0.08 pm and a pitch of 1.6 pm 

in a range of the diameter of from 46 to 100 mm (ROM 

region) and having spiral pregroove formed with a width 

of 0.8 pm, a depth of 50 nm and· a pitch of 1.6 pm in a 

range of a diameter of from 100 to 117 mm (recordable 

·· o region) outside the ROM region, was formed by injection 

molding. To the portion outside the diameter of 100 mm 

i.e. the recordable region only, of the polycarbonate 

substrate thus formed, 0.55 g of the same cyanine dye as 

used in Example 1 dissolved in 10 mi .of an acetylacetone 

5 solvent, was coated by spin coating at a rotational speed 

of 3000 rpm for about 5 seconds. When the film-forming 

started, the rotational speed was reduced to 300 rpm, and 



5 

10 

- . ' 

~---:,~::.,,:-:"'-:-:-."er sU\:!N · 
THIS 8HEE l JI~"' . 

' REPLACED, ' I 

46 -

the rotation was' continued until the film was 

sufficiently dried to form a light absorptive layer 

having a thickness (dg) of 150 nm. 

The depth (dabs> in the groove of this light 

absorptive layer was 40 nm and the complex refractive 

index (nabs> was 2.7. The wavelength (A) of the reading_ 

laser beam was 780 nm, and the optical parameter (p) at 

that time was 0.52. Further, since the refractive index 

(nsub) of the polycarbonate as the substrate material was 

1.58, the optical phase difference (~S) between the 

pregroove and the land in a non-recorded state was 0.13. 

over the entire\surface of this disk, a reflective 

layer and a protective layer were formed in the same 

manner as in Example 1 • 

. To the recordable region·of the optical information 

recording medium thus obtained, a semiconductor laser 

having a wavelength of 780 nm was irradiated at a linear 
.. 

speed of 1.2 m/sec with a recording power of 6.8 mW, to 

record. EFM signals, in the same manner as irt Example 1. 

Then, this.optical information recording medium was 

played back by a conunercially available CD player, 

whereby the reflectance of the optical information 

recording medium was 75.0%, I 11/Itop obtained from the eye 

pattern.of the read-out.signals, was 0.60, I 3/Itop was 

0.31, the block error rate was 6.0 x lo-3 , and the push­

pull value was 0.070. This optical information recording 

medium fully satisfies the requirements prescribed in the 
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CD standards. 

COMPARATIVE-EXAMPLE l 

. . I. I 

THIS SHEET HAS BEEN 
· REPLACED 

To the same polycarbonate substrate as molded in 

Example 1, 0.55 g of the same cyanine dye as used in 

.. 
. ·• 

5 Example l dissolved in 10 me of an acetylacetone solvent, 

was coated by spin coating at a rotational speed of 3000 

rpm, and the rotation was continued until the film was 

sufficiently dried to form a light absorptive layer 

having a thickness {dg) of 130 nm. 

10 

15 

The depth (dabs> in the groove of this light 

absorptive layer was 105 nm and the complex refractive 

index (nabs> was 2.7. The wavelength (A) of the reading 

las~r beam was 780 nm, and the optical parameter {p) at 

that time was O. 45. Further, since the refr'active index 

(nsub> of the polycarbonate as·the substrate material was 

1.58, the optical phase difference (~S) between the 

pregroove and the land in a non-recorded state was 0.35. 

Over the entire surface of this disk, a gold film 

having a thickness of 60 nm was formed by a vacuum vapor 

20 deposition. Further, on this reflective layer, an 

ultraviolet curable resin was spin-coated and then cured 

by irradiation with ultraviolet rays, to form a 

protective layer having a thickness of 10 µm. 

To the optical information recording medium thus 

s obtained, a semiconductor ·laser having a wavelength of 

780 nm was irradiated at a linear speed of 1.2 m/sec at a 

recording power of· 6. 8 _mW, to record EFM signals in the 
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same manner as in Example 1. Then,· this optical 

information recording medium was played back by a 

commercially available _CD :J?layer, whereby the reflectance 

of the optical information recording medium was 63.0%, 

I / I obtained by the eye pattern of the read-out 
11 top 

signals, was 0.75, I 3/Itop was 0.52, the block error rat~ 

was 3.0 x 10-3 , and the push-pull value was 0.087. Thus, 

when ~S is 0.35, the reflectance is low, and the push­

pull value is poor, whereby the req~irements prescribed 

in the CD standards can not be satisfied. 

EXAMPLE 7 

A polycarbonate substrate-of a.disk ~hape having a 

thickness of 1.2 mm, an outer diameter of 120 mm and an 

inner diameter of 15 mm and having a spiral pregroove 6 

formed with a width of o.s pm, a depth of 100 nm and a 

pitch of 1.6 pm, was formed by injection molding. 

As a cyanine dy~, 0.65 g of l,l'-dibutyl-3,3,3 1 ,3 1 -

~ tetramethyl-4,5,4 1 ,5 1 -dibenzoindodicarbocyanine 

perchlorate (NK-3219, manufactured by Nippon Kanko 

Shikiso K~K.) was dissolved in 10 ml of diacetone 

alcohol, and the solution was spin-coated on the above 

substr~~e by changing properly the rotational speed, to 

form a light absorptive layer having an average thickness 

dav of 140 nm. 

The depth (dabs> in the pregroove 6 of this light 

absorptive layer was 49 nm and the complex refractive 

index (nabs> was 2.7. The wavelength (A) of the reading 

· 1i1iii1i1Uif 
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laser beam was 7SO nm, and the optical parameter (p) at 

that ~ime was 0.48. Further, since the refractive index 

(nsub> of the polycarbonate as the substrate material was 

1.58, the optical phase difference (AS) between the 

pregroove and the land in a non-recorded state was 0.052. 

Further, from the above results, the thickness Cdgr> of 

the pregroove 6 was 175 nm. 

Over the entire surface of this disk, a gold film 

having a thickness of 60 nm was formed by a vacuum vapor 

deposition method. Further, on this light reflective 

layer, an ultraviolet curable resin was spin-coated and 

cured by irradiation with ultraviolet rays to form a 

protective layer having a thickness of 10 µm. 

To the optical information recording medium thus 

~ 15 obtained, a semiconductor laser having a wavelength of· 

780 nm was irradiated at a linear speed of 1.4 m/sec for 

~ recording, whereby the optimum recording power was 7.2 

mW. With this power, EFM signals were recorded at the 

pregroove portion, and'the optical information recording 

medium was played back by a commercially available CD 

player (Aurex XR-V73, wavelength of the reading laser 

beam:. 780 nm, a laser having a read-out power of 0.5 mW), 

~hereby the reflectance of the optical information 

recording medium was 77.3%, the degree of modulation 

I 11/Itop obtained from the eye pattern of the read-out 

signals was 0.73, I 3/Itop was 0.42, the block error rate 

was 1.6 x io-3 , and the push-pull value was 0.067. This 

This Sheet Has Been Repla d 
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optical information recording medium sufficiently 

satisfies the requirements prescribed in the CD 

standards. 

COMPARATIVE EXAMPLE 2 

To the land portion in the non-recorded area of the 

optical information recording medium prepared in Exampl~ 

7, EFM signals were recorded at a linear speed of 1.4· 

m/sec with the optimum recording power using a 

semiconductor laser having a wavelength of 780 nm. Then, 

this recorded portion was played back in the same manner 

as in Example 7, whereby the block error rate was 5.0 x 

io-2 , and the push-pull value during the play back was 

0.019. Each of these values does not satisfy the CD 

standards. 

lS EXAMPLE 8 

To the polycarbonate substrate molded in the same 

manner as in Example 7, 0.78 g of the same cyanine dye as 

used in Example 7 dissolved in 10 me of a diacetone 

alcohol solvent, was coated by spin coating by 

:20 appropriately changing the rotational speed. The 

thickness Cdav> after the film-formation was 260 nm. 

The dep~h (dsub) in the pregroove of this light · 

absorptive layer was 57 nm, and the complex refrpctive 

index (nabs) was 2.7. The wavelength (A) of the reading 

5 laser beam was 780 nm, and the optical parame~er (p) at 

that time was 0.90. 

Further, 6S in a non-recorded state at that time was 

.. 
.. 



'· 
.• 

5 

- 51 -

0.11. 

The thickness (d9r> of the light absorptive layer in 

the pregroove was 290 nm. 

Over the entire surface of this disk, a gold film 

having a thickness of 60 nm was formed by a vacuum vapor 

deposition method. Further, on this light reflective 

layer, an .ultraviolet curable resin was spin-coated and 

cured by irradiation with ultraviolet rays to form a 

protective layer having a thickness of 10 µm. 

10 To the optical information recording medium thus 

obtained, a semiconductor laser ~aving a wavelength of 

780 nm was'· irradiated at a .linear ~peed· of 1. 4 m/sec for 

recording in the same manner as in Example 7, whereby the 

optimum recording power was 5.2 mW. With this power,·EFM 

15 signals were recorded at the pregroove por~ion of the 

.optical information recording medium. Then, the recorded 

portion was played back in the same manner as in Example 

7~ whereby the reflectance was 73.2%, I 11/Itop of the 

r·ead-out signals was .0. 85, I 3/Itop was O. 45, the block 

20 error rate was 2.2 x 10-3 , and the push-pull value was 

0.053. This optical information recording medium fully 

satisfies the requirements prescribed in the CD 

standards. 

COMPARATIVE EXAMPLE 3 

25 To the land portion in the non-recorded area of the 

optical information recording medium prepared in Example 

8, EFM sign~ls were recorded at a linear speed of 1.4 
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l m/sec at the optimum recording power using a 

semiconductor laser having a wavelength of 780 nm. Then, 

this recorde·d portion was played back in the same manner 

as in Example 7, whereby the block error rate was 7.8 x 

io-2 , and the push-pull value during the play back was 

0.022. Each of these values does not satisfy the CD 

standards. 

EXAMPLE 9 

A polycarbonate substrate of a disk shape having a 

thickness of 1.2 mm, an outer diameter of 120 mm and an 

inner diameter of 15 mm and having a spiral pregroove . 
formed with a width of 0.7 pm, a depth of 100 nm and a 

pitch of 1.6 pm, was formed by injection· molding. 

As a cyanine dye, 0.70 g of l,l'-dibutyl-3,3,3',3'-

1 l5 tet£amethyl-4,5,4',5'-dibenzoindodicarbocyanine 
~ . 
I perchlorate (NK-3219, manufactured by Nippon Kanko 
t. 
t Shikiso K~K.) was dissolved in 10 mt of diacetone 
~ 
·i 
A alcohol. This solution was spin-coated on the above 
?f" 
l i substrate by app~opriately changing the rotational speed, 
~ 
~ 20 to form a light absorptive layer having an average 

thickness dav of 210 nm. 

The depth (dabs> in· the pregroove of this light 

absorptive layer was 12 nm, and the complex refractive 

index (nabs> was 2.7. Since the wavelength (A) of the 

reading laser beam was 780 nm, the optical parameter (p) 

l at that time was 0.73. Further, since the refractive 
~-, 

? index (nsub> of the polycarbonate as the substrate 
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material was 1.58, the optical phase difference (~S} 

between the pregroove and the land in a non-recorded 

.state was -0.20. Further, from the above results, the 

thickness (d1 n> at the land was 172 nm. 

5 Over the entire surface of this disk, a gold film 

having a thickness of 60 nm was formed by a vacuum vapo~ 

deposition method. Further, on this light reflective 

layer, an ultraviolet curable resin was spin-coated and 

cured by irradiation with ultraviolet rays to form a 

lO protective layer having a thickness of 10 pm. 

To the optical information recording medium thus 

obtained, a semiconductor laser having a wavelength of 

780 nm was irradiate~ at a linear speed of 1.4 m/sec for 

recording, whereby the optimum recording power was 6.5 

15 mW·. · With this power, EFM signals were recorded on the 

land portion, whereby the reflectance of the optical 

information recording medium was 74.5%, I 11/Itop obtained 

from the eye pattern of the read-out signals, was 0.82, 

I 3/Itop was o.42; the block error rate was 1.8 x lo-3, and 

~ 20 the push-pull value was 0.048. This optical information 

recording medium fully satisfies the requirements 

prescribed in the CD standards. 

COMPARATIVE EXAMPLE 4 

To the pregroove portion in the non-recorded area of 
::; 

1 25 the optical information recordin~ medium prepared in 

Example 9, EFM signals were recorded at a linear speed of 

1.4 m/sec with the optimum recording power using a 
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semiconductor laser having a wavelength of 780 nm. Then, 

this recorded portion was p~ayed back in the same manner 

as in Example 9, whereby the block error rate was 8.5 x 

io-2, and the push-pull value during the play back was 

0.009. Each of these values does not satisfy the CD 

standards. 

EXAMPLE 10 

f 10 

A polycarbonate substrate molded in the same manner 

as in Example 9, 0.85 g of the same cyanine dye as used 

in Example 9 dissolved in 10 mt of diacetone alcohol 

solvent, was coated by spin coating by appropriately 

changing the rotational speed. The· thickness {dav) after 

the film forming was 240 nm. 

The qepth Cdsub> in the pregroove of this light 

15 absorptive layer was 10 nm, and the complex 'refractive 

index (nabs> was 2.7. The wavelength (A) of the reading 

laser beam. was 780.nm, and the optical parameter (p) at 

that time was 0.83. Further, AS in a non-recorded state 

at that time was -0.22. Further, the thickness (din> of 

20 the light absorptive layer on the land was 201 nm. 

Over the entire surface of this disk, a gold film 

having a thickness of 60 nm was formed by .a vacuum vapor 

deposition method. Further, on this light reflective 

layer, an ultraviolet cu·rable resin was spin-coated and 

25 then cured by irradiation with ultraviolet rays to form a 

protective layer having a thickness of 10 µm. 

To the optical information recording medium thus 
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obtained, a semibonductor laser having a wavelength of 

780 nm was irradiated at a· linear speed of 1.4 m/sec for 

recording in the same manner as in Example 9, whereby the 

optimum recording power was 6.0 mW. With this power, EFM. 

5 signals were recorded at the preg·roove portion of the 

optical information recording medium. Then, the recorded 

portion was played back in the same manner as in Example 

9, whereby the reflectance was 72.1%~ I 11/Itop of the 

read-out signals was 0.84, I 3/Itop was 0.42, t~e block 

10 error rate was 1.9 x 10-3 , and the push-pull value was 

0.052. Further, the push-pull value at the non-recorded 

portion was also 0.052. Thus, thi~ optical information 

recording medium fully satisfies the requirements 

prescribed in the CD standards. 

15 COMPARATIVE EXAMPLE 5 

To the pregroove portion in the non-recorded area of 

the optical information recording· medium prepared in 

Example 10, EFM signals were recorded at a linear speed 

of 1.4 m/sec with the optimum recording power using a 

20 semiconductor laser having a wavelength of 780 nm. Then, 

this recorded portion was played back in the same manner 

as in Example 9, whereby the block error rate was 8.0 x 

10-1 , and the push-pull value during the play back was 

0.012. Each of these values does not satisfy the CD 

25 standards. 

As described in the foregoing, according to the 

present invention, by adjusting the optical phase 
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difference ~s, the thickness of the light absorptive 

layer at the land portion and the depth of the pregroove 

to prescribed levels, it is possible to provide an 

optical information recording medium capable of 

5· satisfying the values prescribed in the current CD 

standards, particularly the push-pull value prescribed in 

the CD standards as well as the prescribed values for the 

ref lectarice and the degree of modulation, and a method 

for recording on such an optical information recording 

10 medium. 
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CLAIMS: 

1. An optical information recording medium comprising a 

light transmitting substrate having a spiral pregroove 

formed on its surface, a light absorptive layer of a 

s coloring matter formed on the substrate directly or with 

other layer interposed therebetween, and a light 

reflective layer made of a metal"film formed on the light 

absorptive layer directly or with other layer interposed 

therebetween, wherein 6S < 0.3 wherein 6S is the optical ..... 

10 phase difference represented by 6S = 2dsub {nsub - nabs ( l -

dabs/dsub)}/l wherein dsub is tpe depth of the layer 

boundary on the substrate side of the light absorptive 

layer at the portion corresponding to the pregroove, dabs 

is the depth of the layer boundary on the l~ght 

15 absorptive layer side of the light reflective layer at 

the portion corresponding to the pregr~ove, nsub is the 

real part of the complex refractive index of the 

substrate and any layer present on the substrate side of 

the light absorptive layer, nabs is the real part of the 

20 complex refractive index of the light absorptive layer, 

and A is the wavelength of a laser beam. 

2. The optical information recording medium according to 

Claim 1, wherein dsub is dsub ~ 50 nm. 

-3. The optical information recording medium according to 

25 Claim 1, wherein the light absorptive layer is formed on 

a part of the light transmitting substrate and a ROM area 

~~e:ein pits for read-out signals are already formed, is 

1iii1iITf 
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provided at the 'region where the light absorptive layer 

is absent. 

4. A method for optically recording information on an 

optical information recording medium, wherein the optical. 

5 recording medium of Claim l is used, and the recording is 

conducted by irradiating a recording laser beam from th~ 

light transmitting substrate side to 'deform a layer on 

the substrate side of the light absorptive layer. 

10 

s. The method according to Claim 4, wherein dsub is dsub 

> 50 nm. 
= 

6. An optical information recording medium comprising a 

light tr.ansmitting substrate_ having a pregroove formed on 

its surface, a light absorptive layer of a coloring 

matter formed. on the substrate, and a light reflective 

15 layer made of a metal film formed on the light absorptive 

layer, wherein 0.03 ~ 6.S ~ 0.3 wherein 6.S is.the optical 

phase difference between the reading laser beam reflected 

from the light reflective layer at the portion 

corresponding to the pregroove and the reading laser beam 

20 reflected from the light reflective layer at the portion 

corresponding to the land located on each side of the 

pregroove, represent.ed by 6.S = 2dsub{nsub - nabs{l -

dabs/dsub)}/l wherein dsub is the depth of the layer 

boundary on the substrate side of the light absorptive 

25 layer at the portion corresponding to the pregroove, dabs 

is the depth of the layer boundary on the light 

absorptive layer side of the light reflective layer at 
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the portion corresponding to the pregroove, nsub is the 

real part of the complex refractive index of the 

substrate and any layer present on the substrate side of 

the light absorptive layer, nabs is the real part of the 

5 complex refractive index of the light absorptive layer, 

and a is the wavelength of a laser beam; and 90 nm ~ d
9

r 

~ 350 nm wherein d
9

r is the thickness of the light 

absorptive layer at the portion corresponding to the 

pregroove. 

10 7. An optical information recording medium comprising a 

light transmitting substrate having a pregroove formed on 

its surface, a light absorptive layer of a coloring 

matter formed on the substrate, and a light reflective 

layer made of a metal film formed on the light absorptive 

15 layer, wherein -0.4·< ~S < -0.04 wherein ~sis the - -
optical phase difference between the reading laser beam 

reflected ·f rorn the light reflective layer at the portion 

corresponding to "the pregroove and the reading laser beam 

reflected from the light reflective layer at the portion 

20 corresponding to.the land located on each side of the 

pregroove, represented by ~S = 2dsub{nsub - nabs(l -

dabs/dsub>}/a wherein dsub is the depth of the layer 

boundary on the substrate side of the light absorptive 

layer at the portion corresponding to the pregroove, dabs 

25 is the depth of the layer boundary on the light 

absorptive layer side of the light reflective layer at 

the portion corresponding to the pregroove, nsub is the 

ilii~i~i~ 
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real part of the complex refractive index of the 

substrate and any layer present ·on the substrate side of 

the light absorptive layer, nabs is the real part of the 

complex refractive index of the light absorptive layer, 

5 and a is the wavelength of a laser beam; and 90 nm ~ din 

~ 350 nm wherein din is the thickness of the light 

absorptive layer at the portion corresponding to the 

land. 

8. The optical information recording medium according to 

10 Claim 6 or 7, wherein dsub ~ 40 nm. 

9. The optical information recording medium according to 

Claim 6, 7 or 8, wherein O.OS ~ p ~ 1.6 wherein p = 
nabs·davfl wherein dav is the average thickness of the 

light absorptive layer. 

15 10.· The optical i~formation recording medium according to 

Claim 6, 7, 8 or 9, wherein kabs ~ 0.3 wherein kabs is the 

imaginary part of the comple·x refractive index of the 

light absorptive layer. 

11. A method for recording information on an optical 

20 recording medium of Claim 6, which comprises forming pits 

in the pregroove of the optical information recording 

medium by irradiating a recording laser beam from the 

substrate side. 

12. A method for recording information on an optical 

25 recording medium of Claim 7 1 which comprises forming pits 

on the land of the optical information recording medium 

by irradiating a recording laser beam from the substrate 
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side. 

13~ The method according to Claim 11 or 12, wherein the 

light absorptive layer side of the substrate is deformed 

by the irradiation of the recording laser beam from the 

s substrate side. 

. . 


