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(57) ABSTRACT 

An information recording medium Which ensures high reli 
ability and favorable overWrite cyclability is provided, even 
When an interface layer is not provided betWeen a recording 
layer and a dielectric layer. The recording layer 4 and the 
dielectric layers 2 and 6 are formed on the surface of the 
substrate 1. In the recording layer 4, a phase change is 
generated betWeen a crystal phase and an amorphous phase 
by irradiation of light or application of an electric energy. 
The dielectric layers 2 and 6 are Zr—Cr—O-based material 
layers comprising Zr, Cr and O, preferably consisting essen 
tially of material expressed, for example, With the formula 
(ZrO2)M(Cr2O3)myM (mol %) Wherein 202M280. 

24 

12 



Patent Application Publication Sep. 25, 2003 Sheet 1 0f 10 US 2003/0179117 A1 

Fig. 1 

25 

1 



Patent Application Publication Sep. 25, 2003 Sheet 2 0f 10 US 2003/0179117 A1 
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Fig. 3 

2'7 

\ a 

1: 4""- 1 O 
1, 1 
1' 9 

;— 8 

:’ I— 7 
:t— 6 

i’ " 
: f- 4 
i 1 0 3 

_1 0 2 

1 



Patent Application Publication Sep. 25, 2003 Sheet 4 0f 10 US 2003/0179117 A1 

Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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INFORMATION RECORDING MEDIUM AND 
METHOD FOR PRODUCING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims a priority under 35 
U.S.C. §119 to Japanese Patent Applications No. 2001 
384306 ?led on Dec. 18, 2001, entitled “Information record 
ing medium and method for producing the same”, No. 
2002-45661 ?led on Feb. 22, 2002, entitled “Information 
recording medium and method for producing the same”, and 
No. 2002-55872 ?led on Mar. 1, 2002, entitled “Information 
recording medium and method for producing the same.” The 
contents of those applications are incorporated herein by the 
reference thereto in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to an information recording 
medium Which is used for optically or electrically recording, 
erasing, overWriting and reproducing information, and a 
method for producing the same. 

[0004] 2. Description of Related Art 

[0005] The inventors developed 4.7 GB DVD-RAM 
Which is a large capacity reWritable phase-change type 
information recording medium and can be used as a data?le 
and an image ?le. This has been already commercialiZed. 

[0006] This 4.7 GB DVD-RAM is disclosed, for example, 
in Japanese Patent Kokai (Laid-Open) Publication No. 
2001-322357. The constitution of DVD-RAM disclosed in 
this publication is shoWn in FIG. 10. The information 
recording medium 31 shoWn in FIG. 10 has a seven-layer 
structure Where a ?rst dielectric layer 102, a ?rst interface 
layer 103, a recording layer 4, a second interface layer 105, 
a second dielectric layer 106, an optical compensation layer 
7, and a re?ective layer 8 are formed on one surface of a 
substrate 1 in this order. In this information recording 
medium, the ?rst dielectric layer exists in a position closer 
to an incident laser beam than the second dielectric layer. 
The same relationship exists betWeen the ?rst interface layer 
and the second interface layer. Thus, in this speci?cation, 
When the information recording medium contains tWo or 
more layers having the same function, “?rst”“sec 
ond”“third” . . . is given to the beginning of the name of each 

layer in the order of the layer Which is closer to the incident 
laser beam. 

[0007] The ?rst dielectric layer 102 and the second dielec 
tric layer 106 have the function Which adjusts an optical path 
length so as to enhance the optical absorption ef?ciency of 
the recording layer 4, and enlarges the difference betWeen 
the re?ectance of crystal phase and the re?ectance of amor 
phous phase so as to enlarge a signal amplitude. ZnS-20 mol 
% SiO2 (i.e. (SiO2)8O(ZnS)20) conventionally used as a 
material for the dielectric layer is amorphous material. It has 
loW thermal conductivity, is transparent, and has a high 
refractive index. Moreover, ZnS-20 mol % SiO2 exhibits a 
high ?lm-forming speed at the time of the ?lm formation, 
and good mechanical characteristic and moisture resistance. 
Thus, ZnS-20 mol % SiO2 is an excellent material suitable 
for forming the dielectric layer. 
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[0008] If the thermal conductivity of the ?rst dielectric 
layer 102 and the second dielectric layer 106 is loW, the heat 
can diffuse from the recording layer 4 to the re?ective layer 
8 quickly in the thickness direction When a laser beam enters 
the recording layer 4, and therefore, in-plane heat diffusion 
in the dielectric layers 102 or 106 is suppressed. That is, the 
recording layer 4 is cooled by the dielectric layer for a 
shorter time, and therefore, an amorphous mark (record 
mark) can be easily formed. When a record mark is hard to 
form, a high peak poWer is necessary for recording. When a 
record mark is easy to form, recording can be conducted 
With a loW peak poWer. When the thermal conductivity of the 
dielectric layer is loW, recording can be conducted With a 
loW peak poWer, and therefore, the recording sensitivity of 
the information recording medium becomes higher. On the 
other hand, When the thermal conductivity of the dielectric 
layer is high, recording is conducted With a high peak poWer, 
and therefore the recording sensitivity of the information 
recording medium becomes loWer. The dielectric layer in the 
information recording medium exists in a form of such thin 
?lm that thermal conductivity cannot be measured accu 
rately. For this reason, the inventors employ the recording 
sensitivity of the information recording medium as a relative 
judgment reference for learning the degree of the thermal 
conductivity of the dielectric layer. 
[0009] The recording layer 4 is formed using the material 
containing Ge—Sn—Sb—Te Which crystalliZes at a high 
speed. The information recording medium Which contains 
such material as the recording layer 4, not only has excellent 
initial recording characteristic, but also has excellent archi 
val characteristic and an excellent archival overWrite char 
acteristic. In a phase-change type information recording 
medium, information is recorded, erased and overWritten by 
utiliZing reversible phase change betWeen crystal phase and 
amorphous phase of the recording layer 4. When the record 
ing layer 4 is irradiated With a high poWer (i.e. peak poWer) 
laser beam, and then cooled rapidly, the irradiated part turns 
into an amorphous phase and a record mark is formed. When 
the recording layer is irradiated With a loW poWer (i.e. bias 
poWer) laser beam to raise its temperature and then cooled 
gradually, the irradiated part turns into a crystal phase and 
recorded information is erased. By irradiating the recording 
layer With the laser beam of Which poWer is modulated 
betWeen the peak poWer level and the bias poWer level, it is 
possible to overWrite neW information While erasing infor 
mation already recorded. OverWrite cyclability is expressed 
With the maximum number Which corresponds to repeatable 
overWrite number on the condition that the jitter value does 
not cause a problem in a practical use. It can be said that the 
better overWrite cyclability is, the larger this number is. 
Particularly, an information recording medium for data?les 
is expected to have excellent overWrite cyclability. 

[0010] The ?rst interface layer 103 and the second inter 
face layer 105 have the function Which prevents a material 
transfer caused betWeen the ?rst dielectric layer 102 and the 
recording layer 4, and betWeen the second dielectric layer 
106 and the recording layer 4, respectively. The material 
transfer here means the phenomenon Which S of ZnS-20 mol 
% SiO2 of the ?rst and second dielectric layers diffuses into 
the recording layer While the recording the layer is irradiated 
With a laser beam and information is repeatedly overWritten. 
If a lot of S diffuses into the recording layer, a reduction of 
the re?ectance of the recording layer is caused, and over 
Write cyclability deteriorates. This phenomenon has already 
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been known (See N. Yamada et al. Japanese Journal of 
Applied Physics Vol.37 (1998) pp.2104-2110). Moreover, 
Japanese Patent Kokai (Laid-Open) Publication No. 
10-275360 and International Publication No. WO 97/34298 
disclose that the interface layer Which prevents this phe 
nomenon is formed using a nitride containing Ge. 

[0011] The optical compensation layer 107 adjusts the 
ratio Ac/Aa Where Ac is optical absorptance of the recording 
layer 4 in a crystalline state, and Aa is optical absorptance 
Aa of the recording layer 4 in an amorphous state, and serves 
to suppress distortion of overWritten marks. The re?ective 
layer 8 optically serves to increase the light quantity 
absorbed by the recording layer 4, and thermally serves to 
diffuse the heat generated in the recording layer 4 to cool the 
recording layer quickly and to facilitate amorphiZation of the 
recording layer. The re?ective layer 8 also serves to protect 
a multilayered ?lm from the operation environment. 

[0012] Thus, the information recording medium shoWn in 
FIG. 10 ensures excellent overWrite cyclability and high 
reliability With a large capacity of 4.7 GB by using the 
structure including the seven layers each of Which functions 
as mentioned above, and thereby has been commercialiZed. 

[0013] As material suitable for the dielectric layer of the 
information recording medium, various materials have 
already been proposed. For example, in Japanese Patent 
Kokai (Laid-Open) Publication No. 5-109115, it is disclosed 
that a heat-resistance protective layer is formed from a 
mixture of a high melting point element With a melting point 
above 1600 K and loW alkali glass in an optical information 
recording medium. In this publication, Nb, Mo, Ta, Ti, Cr, 
Zr, and Si are mentioned as the element With a high melting 
point. Further, in this publication, it is disclosed that the loW 
alkali glass essentially consists of SiO2, BaO, B203, or 
A1203. 
[0014] In Japanese Patent Kokai (Laid-Open) Publication 
No. 5-159373, it is disclosed that the heat-resistance pro 
tective layer is formed from a mixture of at least one 
compound selected from nitride, carbide, oxide and sul?de 
With a melting point higher than that of Si, and loW alkali 
glass in an optical information recording medium. In this 
publication, the carbide, oxide, and sul?de of Nb, Zr, Mo, 
Ta, Ti, Cr, Si, Zn, and A1, are illustrated as the high melting 
point compound. Moreover, in the publication, it is disclosed 
that the loW alkali glass essentially consists of SiO2, BaO, 
B203, and A1203. 

[0015] In Japanese Patent Kokai (Laid-Open) Publication 
No. 8-77604, it is disclosed that a dielectric layer of a 
read-only information recording medium is formed from the 
oxide of at least one element selected from the group Which 
consists of Ce, La, Si, In, Al, Ge, Pb, Sn, Bi, Te, Ta, Sc, Y, 
Ti, Zr, V, Nb, Cr, and W, the sul?de of at least one element 
selected from the group Which consists of Cd, Zn, Ga, In, Sb, 
Ge, Sn, Pb, and Bi, or selenide and so on. 

[0016] In Japanese Patent Kokai (Laid-Open) Publication 
No. 2001-67722, it is disclosed that the ?rst interface control 
layer and the second interface control layer of an optical 
recording medium are selected from the nitride, oxide, 
carbide, and sul?de Which contain at least one element 
selected from the element group consisting of Al, Si, Ti, Co, 
Ni, Ga, Ge, Sb, Te, In, Au, Ag, Zr, Bi, Pt, Pd, Cd, P, Ca, Sr, 
Cr, Y, Se, La, and Li. 
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SUMMARY OF THE INVENTION 

[0017] As mentioned above, When forming the ?rst and 
the second dielectric layers by using ZnS-20 mol % SiO2, 
the interface layer is inevitably needed betWeen the record 
ing layer and the dielectric layer for preventing the diffusion 
of S. HoWever, When considering price of the medium, it is 
desirable that the number of the layers Which compose the 
medium is as small as possible. If the number of layers is 
small, reduction of the cost of materials, miniaturiZation of 
manufacturing apparatus, and the increase in the throughput 
due to reduction in manufacture time can be realiZed, Which 
results in the reduction of the price of the medium. 

[0018] The inventors examined a possibility of eliminat 
ing at least one of the ?rst interface layer and second 
interface layer as one method of reducing the number of 
layers. The inventors considered that in this case, a dielectric 
layer needs to be made from material other than ZnS-20 mol 
% SiO2 so that the diffusion of S from the dielectric layer 
into the recording layer due to overWriting may not be 
caused. Further, the folloWings are desired as to the material 
for the dielectric layer: 

[0019] The adhesiveness of the material to the 
recording layer Which is of chalcogenide material is 
good; 

[0020] The material realiZes that recording sensitivity 
Which is equivalent to or higher than that of the 
above seven-layer structure; 

[0021] The material is transparent; and 

[0022] The material has a high melting point so that 
it may not melt When recording. 

[0023] It is an object of the present invention to provide an 
information recording medium Which is provided With a 
dielectric layer having favorable adhesiveness to a recording 
layer, in Which medium a substance does not transfer from 
the dielectric layer to the recording layer even When the 
dielectric layer is formed in direct contact With the recording 
layer Without forming the interface layer, and excellent 
overWrite cyclability is ensured. 

[0024] The above-mentioned publications do not refer to 
the problem that a substance transfers from the dielectric 
layer to the recording layer. Therefore, it should be noted 
that these publications do not teach the problem Which this 
invention solves, and means to solve the problem, i.e. a 
speci?c composition of the material for the dielectric layer. 

[0025] The inventors formed the dielectric layer by using 
various compounds and evaluated the adhesiveness of the 
dielectric layer to the recording layer and overWrite cycla 
bility of the information recording medium, as explained in 
the beloW-mentioned Example. As a result, it Was found that, 
When providing a dielectric on both sides of the recording 
layer directly, Without an interface layer, the adhesiveness of 
the dielectric layer to the recording layer is good in the case 
Where the dielectric layer is formed from a material Which 
is easy to diffuse in the recording layer, for example, the 
conventional ZnS-20 mol % SiO2, although, overWrite 
cyclability of the medium is inferior. Moreover, for example, 
ZrO2 has loW thermal conductivity and a high melting point. 
Therefore, if ZrO2 is used for a dielectric layer, the recording 
sensitivity of the information recording medium can be high 
and excellent overWrite cyclability can be ensured. HoW 
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ever, When forming a dielectric layer using ZrO2, the result 
Was that the adhesiveness of the dielectric layer to the 
recording layer is inferior. With respect to the information 
recording medium in Which the dielectric layer is formed in 
contact With the recording layer using other various oxides, 
nitrides, sul?des and selenides, the adhesiveness of the 
dielectric layer to the recording layer and overWrite cycla 
bility Were evaluated. HoWever, When forming the dielectric 
layer using one kind of oxide, nitride, sul?de or selenide, 
favorable adhesiveness and favorable overWrite cyclability 
could not be obtained together. 

[0026] The inventors examined forming a dielectric layer 
With a combination of tWo or more kinds of compounds not 
containing S. As a result, it Was found that the combination 
of ZrO2 and Cr2O3 is suitable as a constitutive material for 
the dielectric layer Which contacts With the recording layer. 
Further, it Was found that the interface layer does not need 
to be formed When the content of Zr and Cr in the dielectric 
layer is Within a speci?c range, Which led to this invention. 

[0027] That is, the present invention provides an informa 
tion recording medium Which includes a substrate and a 
recording layer Wherein a phase change betWeen a crystal 
phase and an amorphous phase is generated by irradiation of 
light or application of an electric energy, and Which further 
includes a Zr—Cr—O-based material layer comprising Zr, 
Cr, and 0 Wherein the content of Zr is 30 atomic % or less 
and the content of Cr is in the range of 7 atomic % to 37 
atomic %. 

[0028] The information recording medium of the present 
invention is a medium on or from Which information is 
recorded or reproduced by irradiation of light or by appli 
cation of an electric energy. Generally, irradiation of light is 
carried out by irradiation of a laser light (that is, laser beam), 
and application of an electric energy is carried out by 
applying a voltage to a recording layer. Hereafter, the 
Zr—Cr—O-based material layer Which constitutes the infor 
mation recording medium of this invention is described in 
detail. In addition, it should be noted that, in the folloWing 
description, When the term “Zr—Cr—O-based material 
layer” is used, it refers to the layer in Which Zr and Cr are 
contained at the above-mentioned ratio, respectively. 

[0029] More speci?cally, the information recording 
medium of this invention includes the Zr—Cr—O-based 
material layer Which consists essentially of the material 
expressed With the formula (1): 

ZrQCrROmuQ,R (atomic %) (1) 

[0030] Wherein Q and R are respectively Within the range 
of 0<Q§30, and 7§R§37, and satisfy 20§Q+R§60, as a 
constituent element. The “atomic %” here shoWs that the 
formula (1) is a compositional formula of Which basis (i.e. 
100%) is the sum of the numbers of Zr, Cr and O atoms. Also 
in the folloWing formulae, the indication of “atomic %” is 
used for shoWing the same meaning. 

[0031] In the formula (1), it does not matter What com 
pound each atom of Zr, Cr, and O forms. The reason Why the 
material is speci?ed by this formula is that it is dif?cult to 
determine the composition represented With ratio of each 
compound When analyZing the composition of a layer 
formed into a thin ?lm, and actually only an elementary 
composition (that is, ratio of each atom) is often determined. 
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In the material expressed With the formula (1), it is consid 
ered that most Zr exists as ZrO2 With O, and most Cr exists 
as Cr2O3 With O. 

[0032] Preferably, the Zr—Cr—O-based material layer 
Which consists essentially of the material expressed With 
above-mentioned formula (1) exists as either dielectric layer 
of the tWo dielectric layers adjacent to the recording layer in 
the information recording medium. More preferably, it exists 
as both of the tWo dielectric layers. The dielectric layer 
Which contains Zr, Cr, and O in the above-mentioned range 
has a high melting point, and is transparent. Moreover, in 
this layer, ZrO2 ensures excellent overWrite cyclability and 
Cr2O3 ensures adhesiveness to the recording layer Which is 
of chalcogenide material. Therefore, even When this infor 
mation recording medium does not have an interface layer, 
exfoliation does not occur betWeen the recording layer and 
the dielectric layer, and excellent overWrite cyclability is 
exhibited. Alternatively, the layer of the material expressed 
With the formula (1) may be an interface layer Which is 
located betWeen the recording layer and a dielectric layer in 
an information recording medium. 

[0033] In the information recording medium of this inven 
tion, the Zr—Cr—O-based material layer may be the layer 
Which substantially consists of the material expressed With 
the formula (11): 

[0034] Wherein M is in the range of 202M280. The 
formula (11) expresses the preferable ratio of the tWo 
compounds When the Zr—Cr—O-based material layer con 
sists of a mixture of ZrO2 and Cr2O3. The term “mol %” here 
shoWs that the formula (11) is a compositional formula of 
Which basis (i.e. 100%) is the total of each compound. Also 
in the folloWing formulae, the indication of “mol %” is used 
for shoWing the same meaning. 

[0035] Preferably, the layer Which substantially consists of 
the material expressed With the formula (11) also exists as 
either dielectric layer of the tWo dielectric layers adjacent to 
the recording layer. More preferably, it exists as both of the 
tWo dielectric layers. The effect by using the layer Which 
substantially consists of the material expressed With the 
formula (11) as a dielectric layer is the same as described in 
relation to the material expressed With the formula 

[0036] In the information recording medium of this inven 
tion, the Zr—Cr—O-based material layer may further con 
tains Si, and substantially consist of the material expressed 
With the formula (2): 

ZrUCrVSi-FO1004],“T (atomic %) (2) 

[0037] Wherein U, V, and T are respectively in the range of 
0<U§30, 7§V§37, and 0<T§ 14, and satisfy 20§U+V+ 
T; 60. 

[0038] Also in the formula (2), it does not matter What 
compound each atom of Zr, Cr, Si, and O forms. The reason 
Why the material is speci?ed by this formula is the same as 
the reason for employing the formula In the material 
expressed With the formula (2), it is considered that most Si 
exists as SiO2 With O. 

[0039] Preferably, the layer Which substantially consists of 
the material expressed With the formula (2) exists as either 
dielectric layer of the tWo dielectric layers adjacent to the 
recording layer. More preferably, it exists as both of the tWo 
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dielectric layers. In the information recording medium in 
Which the Zr—Cr—O-based material layer containing Si is 
employed as the dielectric layer, favorable adhesiveness of 
the dielectric layer to the recording layer and excellent 
overWrite cyclability are ensured, and higher recording 
sensitivity is realiZed. It is considered that the higher record 
ing sensitivity is realiZed because the thermal conductivity 
of the layer becomes loW by containing Si. Alternatively, the 
layer substantially consisting of the material expressed With 
the formula (2) may be an interface layer Which is located 
betWeen the recording layer and a dielectric layer in an 
information recording medium. 

[0040] The Zr—Cr—O-based material layer containing Si 
may be the layer Which substantially consists of the material 
expressed With the formula (21): 

[0041] Wherein X and Y are respectively Within the range 
of 20§X§70, and 20§Y§60, and satisfy 60§X+Y§90. 
The formula (21) shoWs the preferable ratio of three com 
pounds When the Zr—Cr—O-based material layer contain 
ing Si consists of a mixture of ZrO2, Cr2O3, and SiO2. 
Preferably, the layer Which consists essentially of the mate 
rial expressed With the formula (21) exists as either dielec 
tric layer of the tWo dielectric layers adjacent to the record 
ing layer. More preferably, it exists as both of the tWo 
dielectric layers. Alternatively, the layer of the material 
expressed With the formula (21) may be an interface layer 
Which is located betWeen the recording layer and a dielectric 
layer in an information recording medium. 

[0042] When using the layer Which substantially consists 
of the material expressed With the formula (21) as a dielec 
tric layer, SiO2 serves to enhance the recording sensitivity of 
the information recording medium. When using this mate 
rial, favorable adhesiveness of the layer to the recording 
layer is ensured by setting X+Y at betWeen 60 and 90 in the 
formula (21). The ratio of SiO2 is adjusted by varying X+Y 
in this range. Therefore, by selecting the ratio of SiO2 
appropriately, the recording sensitivity can be adjusted. 
Further, ZrO2 and Cr2O3 can exist in the layer at a suitable 
ratio by setting X at betWeen 20 and 70, and setting Y at 
betWeen 20 and 60 in the formula (21). Therefore, the 
dielectric layer Which substantially consists of the material 
expressed With the formula (21) is transparent, and is 
excellent in adhesiveness to the recording layer, and further 
ensures that the information recording medium has favor 
able recording sensitivity and favorable overWrite cyclabil 

[0043] The material expressed With the formula (21) may 
contain ZrO2 and SiO2 at a substantially equal ratio. In this 
case, this material is expressed With the folloWing formula 
(22): 

(ZrSiO4)Z(Cr2O3)1007Z (H101 %) (22) 

[0044] Wherein Z is Within the range of 25 §Z§67. When 
ZrO2 and SiO2 are contained at a substantially equal ratio, 
ZrSiO With stable structure is formed. Preferably, the layer 

4 

Which substantially consists of the material expressed With 
the formula (22) exists as either dielectric layer of the tWo 
dielectric layers adjacent to the recording layer. More pref 
erably, it exists as both of the tWo dielectric layers. In the 
formula (22), ZrSiO4 and Cr2O3 exist in the layer at a 
suitable ratio by setting Z into the range of 25§Z§ 67. 
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Therefore, the dielectric layer Which substantially consists 
of the material expressed With the formula (22) is transpar 
ent, and is excellent in adhesiveness to the recording layer, 
and further ensures that the information recording medium 
has a favorable recording sensitivity and favorable overWrite 
cyclability. Alternatively, the layer Which substantially con 
sists of the material expressed With the formula (22) may be 
an interface layer Which is located betWeen the recording 
layer and a dielectric layer in an information recording 
medium. 

[0045] This invention also provides an information 
recording medium Which includes a substrate and a record 
ing layer Wherein a phase change betWeen a crystal phase 
and an amorphous phase is generated by irradiation of light 
or application of an electric energy, and Which further 
includes a layer Which consists essentially of a Zr—Cr— 
Zn—O-based material expressed With the formula (3): 

(D02)c(CT2O3)E(D)F(SiO2)1007c7E7F (H101 %) (3) 
[0046] Wherein D is ZnS, ZnSe or ZnO, C, E and F are 
respectively in the range of 202C260, 202E260, and 
102F240, and satisfy 60§C+E+F§ 90. In the folloWing 
description, the layer Which substantially consists of the 
material expressed With the formula (3) may be referred to 
merely as “a Zr—Cr—Zn—O-based material layer”. 

[0047] Preferably, the layer Which substantially consists of 
the material expressed With the formula (3) exists as either 
dielectric layer of the tWo dielectric layers adjacent to the 
recording layer. More preferably, it exists as both of the tWo 
dielectric layers. The material expressed With the formula 
(3) contains ZrO2, Cr2O3 and SiO2 like the material 
expressed With the formula (21). Therefore, this material 
makes the dielectric layer excellent in transparency and 
adhesiveness to the recording layer. Moreover, the informa 
tion recording medium including this dielectric layer has 
favorable recording sensitivity and favorable overWrite 
cyclability. Since the material expressed With the formula (3) 
contains ZnS, ZnSe, or ZnO as the component D, the 
dielectric layer formed from this material has further 
improved adhesiveness to the recording layer consisting of 
chalcogenide material. Further, the recording sensitivity can 
be further improved by adding ZnS or ZnSe Which tends to 
be in a crystalline state into the ZrO2—Cr2O3—SiO2-based 
material Which tends to be in an amorphous state in the form 
of a thin ?lm. Alternatively, the layer Which substantially 
consists of the material expressed With the formula (3) may 
be used as an interface layer Which is located betWeen the 
recording layer and a dielectric layer in an information 
recording medium. 
[0048] ZrO2 and Cr2O3 can exist in the layer at a suitable 
ratio by setting C at betWeen 20 and 60, and setting E at 
betWeen 20 and 60 in the formula The effects of the 
component D (for example, improvement in adhesiveness 
etc.) are accomplished Without deteriorating the overWrite 
cyclability of the information recording medium by setting 
F at betWeen 10 and 40 in the formula Moreover, in 
formula (3), by varying C+E+F in the range of 60 to 90, the 
ratio of SiO2 can be adjusted appropriately and therefore, 
recording sensitivity can be adjusted. 

[0049] The material expressed With the formula (3) may 
contain ZrO2 and SiO2 at a substantially equal ratio. In this 
case, this material is expressed With the folloWing formula 
(31): 
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[0050] wherein D is ZnS, ZnSe or ZnO, and A and B are 
respectively in the range of 252A; 54, and 25 §B§63, and 
satisfy 50§A+B§88. ZrSiO4 of a stable structure is formed 
When ZrO2 and SiO2 are contained at a substantially equal 
ratio as mentioned above. Preferably, the layer Which sub 
stantially consists of the material expressed With the formula 
(31) exists as either dielectric layer of the tWo dielectric 
layers adjacent to the recording layer. More preferably, it 
exists as both of the tWo dielectric layers. ZrSiO4 and Cr2O3 
exist in the layer at a suitable ratio by setting A at betWeen 
25 and 54, and setting B at betWeen 25 and 63 in the formula 
(31). Therefore, the dielectric layer Which substantially 
consists of the material expressed With the formula (31) is 
transparent, and is excellent in adhesiveness to the recording 
layer, and ensures that the information recording medium 
has favorable recording sensitivity and favorable overWrite 
cyclability. Moreover, When the material expressed With the 
formula (31) is contained in the dielectric layer, SiO2 and the 
component D make the recording sensitivity of the infor 
mation recording medium high, and the component D 
enhances the adhesiveness of the dielectric layer to the 
recording layer. Alternatively, the layer Which substantially 
consists of the material expressed With the formula (31) may 
be an interface layer Which is located betWeen the recording 
layer and a dielectric layer in an information recording 
medium. 

[0051] The information recording medium of the present 
invention preferably has a recording layer in Which a phase 
change is generated reversibly. That is, the information 
recording medium of this invention is preferably provided as 
an reWritable information recording medium. 

[0052] Speci?cally, the recording layer Where a phase 
change occurs reversibly preferably contains any one mate 
rial selected from Ge—Sb—Te, Ge—Sn—Sb—Te, 
Ge—Bi—Te, Ge—Sn—Bi—Te, Ge—Sb—Bi—Te, 
Ge—Sn—Sb—Bi—Te, Ag—In—Sb—Te and Sb—Te. 
Each of these is a rapid crystalliZation material. Therefore, 
When a recording layer is formed from these materials, it is 
possible to record information at a high density and a high 
transfer rate, and to obtain the information recording 
medium excellent in reliability (speci?cally archival char 
acteristic or archival overWrite characteristic). 

[0053] The information recording medium of this inven 
tion may have tWo or more recording layers. For example, 
such information recording medium has a single-sided dual 
layer structure, in Which tWo recording layers are formed on 
one surface of a substrate With a dielectric layer and an 
intermediate layer therebetWeen. As to the information 
recording medium of the single-sided dual-layer structure, 
information is recorded in tWo recording layers by irradia 
tion of light from one side. By employing this structure, the 
recording capacity can be made large. Alternatively, an 
information recording medium of this invention may include 
a recording layer on both surfaces of a substrate. 

[0054] In the information recording medium of this inven 
tion, it is desirable that the ?lm thickness of the recording 
layer is 15 nm or less. If it exceeds 15 nm, the heat applied 
to the recording layer Will diffuse in the planar direction, and 
Will be dif?cult to diffuse in the thickness direction. 

[0055] The information recording medium of this inven 
tion may have a constitution in Which a ?rst dielectric layer, 
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a recording layer, a second dielectric layer, and a re?ective 
layer are formed in this order on one surface of a substrate. 
The information recording medium of this constitution is a 
medium on Which information is recorded by irradiation of 
light. In this speci?cation, the “?rst dielectric layer” means 
the dielectric layer Which is in the position closer to the 
incident light, and the “second dielectric layer” means the 
dielectric layer Which is in the position farther from the 
incident light. That is, the incident light passes through the 
?rst dielectric layer and the recording layer in this order, and 
then reaches the second dielectric layer. The information 
recording medium of this constitution is used, for example, 
When recording and reproducing by the laser beam of Which 
Wavelength is about 660 nm. 

[0056] When the information recording medium of this 
invention has this constitution, at least one of the ?rst 
dielectric layer and the second dielectric layer is the above 
Zr—Cr—O-based material layer (speci?cally, the layer 
Which consists essentially of any one of the materials 
expressed With the above formulae (1), (11), (2), (21), and 
(22)), or the above Zr—Cr—Zn—O-based material layer 
(speci?cally, the layer Which consists essentially of the 
material expressed With the above formula (3) or (31)). 
Preferably, both of the dielectric layers are the above 
Zr—Cr—O-based material layer or the above Zr—Cr— 
Zn—O-based material layer. In this case, the compositions 
of both dielectric layers may be the same or different from 
each other. 

[0057] The information recording medium of this inven 
tion may have a constitution in Which a re?ective layer, a 
second dielectric layer, a recording layer, and a ?rst dielec 
tric layer are formed in this order on one surface of a 
substrate. This constitution is employed When the thickness 
of the substrate to Which a light is applied needs to be thin. 
Speci?cally, the information recording medium of this con 
stitution is used, When information is recorded and repro 
duced by a short-Wavelength laser beam of Which Wave 
length is about 405 nm, and the numerical aperture NA of an 
objective lens is made as large as, for example, 0.85 in order 
to set a focal position shalloW. In order to use such a 
Wavelength and numerical aperture NA, the thickness of the 
substrate to Which light is applied needs to be set at betWeen 
about 60 and 120 pm, for example. It is dif?cult to form a 
layer on the surface of such thin substrate. Therefore, the 
information recording medium of this constitution is iden 
ti?ed as an medium formed by using a substrate to Which a 
light is not applied as a support substrate, and stacking a 
re?ective layer and so on in the order on one surface of the 
substrate. 

[0058] When the information recording medium of this 
invention has this constitution, at least one of the ?rst 
dielectric layer and the second dielectric layer is the above 
Zr—Cr—O-based material layer or the above Zr—Cr— 
Zn—O-based material layer. Preferably, both of the dielec 
tric layers are the above Zr—Cr—O-based material layer or 
the above Zr—Cr—Zn—O-based material layer. In this 
case, the compositions of both dielectric layers may be the 
same or different from each other. 

[0059] This invention also provides a method for produc 
ing the information recording medium of this invention 
Which includes the process of forming the above-mentioned 
Zr—Cr—O-based material layer by a sputtering method. 
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According to the sputtering method, the Zr—Cr—O-based 
material layer of Which composition is substantially the 
same as that of a sputtering target, can be formed. Therefore, 
according to this producing method, the Zr—Cr—O-based 
material layer of a desired composition can be easily formed 
by selecting a sputtering target appropriately. 

[0060] Speci?cally, a sputtering target Which substantially 
consists of the material expressed With the folloWing for 
mula (10): 

ZrJCrKOmUJ,K (atomic %) (1 O) 

[0061] Wherein, J and K are respectively Within the range 
of 3 E1224, and 11 2K; 36, and satisfy 34§J+K§ 40 can be 
used. The formula (10) is equivalent to an elementary 
composition formula of the material expressed With the 
formula (110) mentioned beloW. Therefore, by using this 
target, the layer Which substantially consists of the material 
expressed With the above-mentioned formula (10) can be 
formed. 

[0062] The elementary composition of the layer formed by 
sputtering may differ from the elementary composition of a 
sputtering target depending on a sputtering device, sputter 
ing conditions, and the siZe of the sputtering target and so 
on. Even When such difference occurs upon using the 
sputtering target consisting of the material expressed With 
the above-mentioned formula (10), the elementary compo 
sition of the layer to be formed is expressed at least With the 
above-mentioned formula 

[0063] In the producing method of the information record 
ing medium of this invention, a sputtering target Which 
substantially consists of the material expressed With the 
formula (110): 

(ZrO2)m(Cr2O3) 1001a (H101 %) (110) 

[0064] Wherein, m is Within the range of 20émé80, may 
be used. This is equivalent to the formula Which expresses 
the composition of a sputtering target With the ratio of ZrO2 
and Cr2O3. The reason Why the sputtering target is thus 
speci?ed is that the sputtering target consisting of the 
material Which contains Zr, Cr and O is usually provided 
With the indication of the composition based on these tWo 
compounds. Further, the inventors have con?rmed that, 
according to analysis With an X-ray microanalyser, the 
elementary composition of a commercially available sput 
tering target becomes substantially equal to the elementary 
composition calculated from the indicated composition (that 
is, the indicated composition (i.e. nominal composition) is 
correct). Therefore, this sputtering target makes it possible to 
form the layer Which substantially consists of the material 
expressed With the formula (11). 

[0065] In the producing method of the information record 
ing medium of this invention, in order to form the Zr—Cr— 
O-based material layer containing Si, a sputtering target 
Which substantially consists of the material expressed With 
the formula (20): 

ZrGCrHSiLO10043,11,L (atomic %) (20) 

[0066] Wherein G, H, and L are Within the range of 
4§G§21, 11§H§30, and 22L; 12, and satisfy 34§G+ 
H+L§40, may be used. When this sputtering target is used, 
the layer Which substantially consists of the material 
expressed With the formula (21) or the formula (2) is formed. 

Sep. 25, 2003 

[0067] In the producing method of the information record 
ing medium of this invention, a sputtering target Which 
substantially consists of the material expressed With the 
formula (210): 

(ZrO2)x(Cr2O3)y(SiO2)1DD7x7y (H101 %) (210) 
[0068] Wherein x and y are respectively Within the range 
of 202x270, and 20éyé60, and satisfy 60§x+y§90, may 
be used. The reason Why the sputtering target is thus 
speci?ed is that the sputtering target consisting of the 
material containing Zr, Cr, Si and O is usually provided With 
the indication of the composition based on ZrO2, Cr2O3 and 
SiO2. The inventors have con?rmed that also the indicated 
composition (i.e. nominal composition) of the target Whose 
composition is indicated With the formula (210) is correct. 
Therefore, this sputtering target makes it possible to form 
the layer Which substantially consists of the material 
expressed With the formula (21). 

[0069] The sputtering target expressed With the above 
mentioned formula (210) may contain ZrO2 and SiO2 at a 
substantially equal ratio. In that case, the sputtering target 
Which substantially consists of the material expressed With 
the formula (220): 

[0070] Wherein Z is Within the range of 25 22267, may be 
used. This sputtering target makes it possible to form the 
layer Which consists of the material shoWn by the formula 
(22). 
[0071] This invention also provides a method for produc 
ing the information recording medium of this invention 
Which includes the process of forming the above-mentioned 
Zr—Cr—Zn—O-based material layer by sputtering. 
According to the sputtering method, the Zr—Cr—Zn—O 
based material layer Which has the substantially same com 
position as the sputtering target can be formed. Speci?cally, 
a sputtering target Which substantially consists of the mate 
rial expressed With the folloWing formula (30): 

(ZrO2)c(Cr2O3)e(D)f(SiO2)1UU*c*e*f (H101 %) (30) 

[0072] Wherein, D is ZnS, ZnSe, or ZnO, c, e, and f are 
respectively Within the range of 20écé60, 20éeé60, and 
10§f§40, and satisfy 60§c+e+f§ 90, may be used. The 
reason Why the sputtering target is thus speci?ed is that the 
target Which contains component D in addition to Zr, Cr, Si, 
and O is provided With the composition based on ZrO2, 
Cr2O3, SiO2 and component D indicated. The sputtering 
target makes it possible to form the layer Which substantially 
consists of the material shoWn by the formula 

[0073] The sputtering target shoWn by the above formula 
(30) may contain ZrO2 and SiO2 at a substantially equal 
ratio. In this case, the sputtering target Which substantially 
consists of the material expressed With the formula (310): 

[0074] (ZrSiO4)a(Cr2O3)b(D)1OO-a-b (H101 %) (310) 
[0075] Wherein D is ZnS, ZnSe, or ZnO, a and b are 
respectively Within the range of 25 §a§54 and 25 ébé63, 
and satisfy 50; a+b 288, may be used. This sputtering target 
makes it possible to form the layer Which substantially 
consists of the material shoWn by the formula (31). 

[0076] Preferably, thiss invention is characteriZed in that 
the dielectric layer is formed from ZrO2—Cr2O3-based 
material, ZrO2—Cr2O3—SiO2-based material, or the mate 
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rial Which is a mixture of ZrO2—Cr2O3—SiO2 and one of 
ZnS, ZnSe and ZnO, in direct contact With the recording 
layer. According to this characteristic, by eliminating the 
interface layer Which is provided betWeen the recording 
layer and the dielectric layer in the prior art optical infor 
mation recording medium, the number of layers can be 
reduced, While the optical information recording medium 
Which has high reliability, and ensures excellent overWrite 
cyclability and high recording sensitivity, can be realiZed. 
When the layer of any one of these materials is used as a 
dielectric layer for insulating a recording layer in the infor 
mation recording medium to Which an electric energy is 
applied, the phase change of the recording layer can be 
generated With a small electric energy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0077] Amore complete appreciation of the invention and 
many of the attendant advantages thereof Will become 
readily apparent With reference to the folloWing detailed 
description, particularly When considered in conjunction 
With the accompanying draWings, in Which: 

[0078] FIG. 1 is a fragmentary sectional vieW Which 
shoWs an example of the optical information recording 
medium of the invention; 

[0079] FIG. 2 is a fragmentary sectional vieW Which 
shoWs another example of the optical information recording 
medium of the invention; 

[0080] FIG. 3 is a fragmentary sectional vieW Which 
shoWs further another example of the optical information 
recording medium of the invention; 

[0081] FIG. 4 is a fragmentary sectional vieW Which 
shoWs further another example of the optical information 
recording medium of the invention; 

[0082] FIG. 5 is a fragmentary sectional vieW Which 
shoWs further another example of the optical information 
recording medium of the invention; 

[0083] FIG. 6 is a fragmentary sectional vieW Which 
shoWs further another example of the optical information 
recording medium of the invention; 

[0084] FIG. 7 is a triangular diagram Which shoWs the 
composition range of the material expressed With the for 
mula (21); 

[0085] FIG. 8 is a schematical vieW Which shoWs an 
example of the information recording medium of the inven 
tion on Which information is recorded by application of an 
electric energy; 

[0086] FIG. 9 is a schematical vieW Which shoWs an 
example of a system for the information recording medium 
shoWn in FIG. 8; and 

[0087] FIG. 10 is a fragmentary sectional vieW Which 
shoWs an example of the prior art information recording 
medium. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0088] Hereafter, the embodiments of the present inven 
tion are described With reference to the accompanying 
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draWings. The folloWing embodiments are illustrative, and 
the present invention is not limited to the folloWing embodi 
ments. 

(Embodiment 1) 
[0089] As Embodiment 1 of this invention, an example of 
the optical information recording medium on or from Which 
information is recorded or reproduced by a laser beam, is 
described. FIG. 1 shoWs the partial cross section of the 
optical information recording medium. 

[0090] The information recording medium 25 shoWn in 
FIG. 1 has a construction in Which a ?rst dielectric layer 2, 
a recording layer 4, a second dielectric layer 6, an optical 
compensation layer 7, and a re?ective layer 8 are formed on 
one surface of a substrate 1 in this order, and a dummy 
substrate 10 is bonded With an adhesive layer 9. The 
information recording medium of this constitution can be 
used as a 4.7 GB DVD-RAM on or from Which information 

is recorded or reproduced by a laser beam With a Wavelength 
of about 660 nm in a red Wavelength region. A laser beam 
12 is applied to the information recording medium of this 
constitution from the substrate 1 side, and thereby, informa 
tion is recorded and reproduced. The information recording 
medium 25 is different from the prior art information record 
ing medium 31 shoWn in FIG. 10 in that it does not have the 
?rst interface layer 103 and the second interface layer 105. 

[0091] In Embodiment 1, both of the ?rst dielectric layer 
2 and the second dielectric layer 6 are a Zr—Cr—O-based 
material layer or a Zr—Cr—Zn—O-based material layer. 

[0092] Generally, it is required that the material for a 
dielectric layer 1) is transparent; 2) has a high melting point 
and does not melt at the time of recording; and 3) has good 
adhesiveness to the recording layer Which is of chalcogenide 
material. Transparency is a characteristic necessary for 
alloWing the laser beam 12 applied from the substrate 1 side 
to pass through the dielectric layer and to reach the recording 
layer 4. Particularly, this characteristic is required for the 
?rst dielectric layer on the laser incident side. The high 
melting point is a characteristic necessary for ensuring that 
the material of the dielectric layer is not immixed in the 
recording layer When applying the laser beam of a peak 
poWer level. If the material of the dielectric layer is immixed 
in the recording layer, overWrite cyclability deteriorates 
remarkably. Good adhesiveness to the recording layer Which 
is of chalcogenide material is a characteristic necessary for 
ensuring reliability of the information recording medium. 
Further, it is necessary to select the material for the dielectric 
layer so that the information recording medium has record 
ing sensitivity equivalent to or higher than the conventional 
information recording medium (that is, a medium Wherein 
an interface layer is located betWeen the dielectric layer 
consisting of ZnS-20 mol % SiO2 and the recording layer). 

[0093] It is preferable that the Zr—Cr—O-based material 
layer is a layer Which substantially consists of a mixture of 
ZrO2 and Cr2O3. ZrO2 is transparent and has a high melting 
point (about 2700° C.), and loW thermal conductivity among 
oxides. Cr2O3 has good adhesiveness to the recording layer 
Which is of chalcogenide material. Therefore, the informa 
tion recording medium 25 Which is excellent in overWrite 
cyclability With favorable adhesiveness betWeen the record 
ing layer and the dielectric layer can be realiZed by forming 
the ?rst and the second dielectric layers 2 and 6 from the 
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mixture of these tWo kinds of oxides in contact With the 
recording layer 4 as illustrated. The mixture of ZrO2 and 
CrZO3 is expressed With the above-mentioned formula (11), 
i.e. (ZrO2)M(Cr2O3)myM (mol %). It is preferable that the 
CrZO3 content (that is, 100-M) is 20 mol % or more in this 
mixture. When Cr2O3 content is too much, the recording 
sensitivity of the information recording medium becomes 
loW. Therefore, the Cr2O3 content is preferably 80 mol % or 
less, and more preferably in the range of 30 mol % to 50 mol 
%. 

[0094] The ?rst and the second dielectric layers 2 and 6 
may be a Zr—Cr—O-based material layer containing Si. 
Preferably, the Zr—Cr—O-based material layer containing 
Si substantially consists of a mixture of ZrO2, Cr2O3 and 
SiO2. This mixture is expressed With the above-mentioned 
formula (21), i.e. (ZrO2)X(Cr2O3)Y(SiO2)1OO_X_Y (mol %). In 
this formula, X and Y are respectively Within the range of 
20§X§70, and 20§Y§ 60, and satisfy 60; X+Y§ 90. 

[0095] The composition range of material expressed With 
the formula (21) is shoWn in FIG. 7. The coordinate is 
(ZrO2, Cr2O3, SiO2) in FIG. 7. In this ?gure, the material 
expressed With the formula (21) is Within the range (includ 
ing the place on the line) surrounded by a(70, 20, 10), b(40, 
20,40), C(20, 40, 40), (1(20, 60, 20), and @(30, 60, 10). 
[0096] The Zr—Cr—O-based material layer containing 
SiO2 enhances the recording sensitivity of the information 
recording medium. Moreover, the recording sensitivity can 
be adjusted by adjusting the ratio of SiO2. In order to make 
the recording sensitivity higher by using SiO2, the SiO2 
content in the mixture is preferably 10 mol % or more. On 
the other hand, since the adhesiveness to the recording layer 
is reduced in the case Where the SiO2 content is high, the 
SiO2 content is preferably 40 mol % or less. The function of 
ZrO2 and Cr2O3 is as described above. By mixing ZrO2 and 
Cr2O3 at a suitable ratio, the performance of the information 
recording medium is made suitable. In the case of the 

ZrO2—Cr2O3—SiO2 mixture, the Cr2O3 content is prefer 
ably in the range of 20 mol % to 60 mol %, and the ZrO2 
content is preferably in the range of 20 mol % to 70 mol %. 
The ?rst dielectric layer 2 and the second dielectric layer 6 
may be layers consisting of different mixtures Whose SiO2 
contents are different from each other. For example, the ?rst 
dielectric layer 2 may be (ZrO2)5O(Cr2O3)3O (SiO2)2O (mol 
%), and the second dielectric layer may be 

(ZrO2)40(Cr2O3)20(SiO2)40 (mol %)~ 
[0097] In the ZrO2—Cr2O3—SiO2 mixture, When ZrO2 
content and SiO2 content are substantially equal, ZrSiO4 is 
preferably contained. ZrSiO4 is a complex compound With a 
stable stoichiometric composition. The mixture in Which 
ZrSiO is formed is expressed With above-mentioned for 
mula (22), i.e. (ZrSiO4)Z(Cr2O3)1OO_Z (mol %). In this for 
mula, Z is Within the range of 25 éZé 67. When ZrO2 and 
SiO2 are contained in the mixture at a substantially equal 
ratio, ZrSiO4 is formed, and thereby a ZrO2—SiO2-system 
With a stronger bond is obtained. In order to make adhe 
siveness of the layer to the recording layer better, and to 
ensure overWrite cyclability and high recording sensitivity 
of the information recording medium, Z is more preferably 
Within the range of 33§Z§50. 

[0098] A Zr—Cr—Zn—O-based material layer is a layer 
Which substantially consists of a mixture Which further 
contains ZnS, ZnSe or ZnO in the mixture of ZrO2, Cr2O3 
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and SiO2. This mixture is expressed With above-mentioned 
formula (3), i.e. (ZrO2)c(Cr2O3)E(D)F(SiO2)1OO_C_E_F (mol 
%). In this formula, C, E, and F are respectively Within the 
range of 202C260, 202E260, and 10; F; 40, and satisfy 
60§C+E+F§90 When the mixture contains component D, 
the layer consisting of this mixture exhibits better adhesive 
ness to the recording layer 4. Moreover, ZnS and ZnSe have 
a strong crystallinity even in the form of a thin ?lm. 
Therefore, When it is added into the amorphous ZrO2— 
Cr2O3—SiO2 mixture, the thermal conductivity of the mix 
ture is further reduced. Therefore, if the ?rst and the second 
dielectric layers 2 and 6 are formed from the mixture 
containing ZnS and ZnSe, the recording sensitivity of the 
information recording medium can be made higher. In this 
manner, by mixing four kinds of material, it is possible to 
realiZe the information recording medium Which has record 
ing sensitivity suitable for recording and erasing conditions 
(for example, the linear velocity of the medium and the 
Wavelength of the laser beam), and Which is excellent in 
overWrite cyclability and in adhesiveness of the dielectric 
layer to the recording layer. 

[0099] The mixture shoWn by the above-mentioned for 
mula (3) may also contain ZrO2 and SiO2 at a substantially 
equal ratio. Such mixture is expressed With the above 
mentioned formula (31), i.e. (ZrSiO4)A(Cr2O3)B(D)1OO_A_B 
(mol %). In this formula, A and B are respectively Within the 
range of 25§A§54 and 252E263, and satisfy 50§A+ 
B288. When ZrO2 and SiO2 are contained in the mixture at 
a substantially equal ratio, ZrSiO4 is formed, and thereby a 
ZrO2—SiO2-system With a stronger bond is obtained. 
Thereby, it is possible to realiZe the information recording 
medium Which has the recording sensitivity more suitable 
for the conditions of recording and erasing of information, 
and Which is excellent in overWrite cyclability and in 
adhesiveness of the dielectric layer to the recording layer. 

[0100] By changing each optical path length (that is, the 
product “nd” of refractive index n of a dielectric layer and 
the ?lm thickness d of a dielectric layer), the ?rst dielectric 
layer 2 and the second dielectric layer 6 serve to adjust 
optical absorptance Ac (%) of the recording layer 4 in a 
crystalline state and optical absorptance Aa (%) of the 
recording layer 4 in an amorphous state, adjust the optical 
re?ectance Rc (%) of the information recording medium 25 
When the recording layer 4 is in a crystalline state and the 
optical re?ectance Ra (%) of the information recording 
medium 25 When the recording layer 4 is in an amorphous 
state, and adjust the phase difference A(]) of the light of the 
information recording medium 25 betWeen the portions 
Where the recording layer 4 is in a crystalline state and an 
amorphous state. In order to improve signal quality by 
increasing the reproduced-signal amplitude of a record 
mark, it is desirable that a re?ectance difference (|Rc-Ra|) or 
a re?ectance ratio (Rc/Ra) is large. Further, it is desirable 
that Ac and Aa are also large so that the recording layer 4 
may absorb a laser beam. The optical path length of each of 
the ?rst dielectric layer 2 and the second dielectric layer 6 is 
determined so as to satisfy these conditions simultaneously. 
The optical path length Which satis?es those conditions can 
be determined accurately, for example, by calculation based 
on a matrix method (for example, see “Wave Optics” by 
Hiroshi Kubota et al., Section 3, IWanami Shinsho, 1971). 

[0101] The Zr—Cr—O-based material and the Zr—Cr— 
Zn—O-based material described above have the refractive 
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index Which differs depending on the composition. In gen 
eral, these materials have a refractive index Within the range 
of 1.8 to 2.5. When setting the refractive index of a dielectric 
layer at n, the ?lm thickness at d (nm), and the Wavelength 
of the laser beam 12 at >\.(I1II1), the optical path length “nd” 
is expressed With nd=a)t, Wherein “a” is a positive number. 
In order to improve the signal quality by increasing the 
reproduced-signal amplitude of the record mark of the 
information recording medium 25, for example, it is pref 
erable that Rc, and Ra satisfy 15%§Rc and Ra§2%, 
respectively. Moreover, in order to eliminate the mark 
distortion by overWriting, or to make it small, it is preferable 
that Ac and Aa satisfy 1.1 éAc/Aa. The optical path length 
(ah) of each of the ?rst dielectric layer 2 and the second 
dielectric layer 6 Was accurately calculated based on the 
matrix method so that these preferable conditions might be 
satis?ed simultaneously. From the obtained optical path 
length (ak), )L and n, the thickness d of each dielectric layer 
Was calculated. As a result, it Was found that the thickness 
of the ?rst dielectric layer 2 is preferably in the range of 100 
nm to 200 nm, and more preferably from 130 nm to 170 nm. 
Further, it Was found that the thickness of the second 
dielectric layer 6 is preferably in the range of 20 nm to 70 
nm, and more preferably from 30 nm to 60 nm. 

[0102] The substrate 1 is usually a transparent disc-shaped 
plate. A guide groove for guiding a laser beam may be 
formed in the surface Where the dielectric layer, the record 
ing layer and so on may be formed. In the case Where the 
guide groove is formed on the substrate, groove portions and 
land portions are formed, When the substrate is vieWed in 
cross section. It can be said that a groove portion is located 
betWeen tWo adjacent land portions. Therefore, the surface 
Wherein the guide groove is formed has a top surface and a 
bottom surface Which are connected by side Walls. In this 
speci?cation, the bottom surface is referred to as a “groove 
surface”, Whereas a top surface is referred to as a “land 
surface.” Therefore, in FIGS. 1 to 6, the surface 23 corre 
sponds to the “groove surface” and the surface 24 corre 
sponds to the “land surface.” When vieWed from the direc 
tion of the laser beam 12, the groove surface is alWays 
located closer to the laser beam 12, Whereas the land surface 
is alWays located aWay from the laser beam 12. Record 
marks are formed in the recording layer on the surface of the 
recording layer corresponding to the groove surface of the 
guide groove (groove recording), or on the surface of the 
recording layer corresponding to the land surface of the 
guide groove (land recording), or on both surfaces of the 
recording layer (land-groove recording). In the embodiment 
shoWn in FIG. 1, the distance in the thickness direction 
betWeen the groove surface 23 and the land surface 24 (i.e. 
the depth of groove) is preferably in the range of 40 nm to 
60 nm. The beloW-mentioned embodiments shoWn in FIGS. 
2, 3 and 6, the distance in the thickness direction betWeen the 
groove surface 23 and the land surface 24 is preferably in 
this range. Moreover, it is desirable that the surface Where a 
layer is not formed is ?at. As material for the substrate 1, a 
resin like a polycarbonate, amorphous polyole?n, or 
PMMA, or glass can be employed. Considering moldability, 
price and mechanical strength, a polycarbonate resin is 
preferably used. In the embodiment shoWn in FIG. 1, the 
thickness of the substrate 1 is in the range of about 0.5 to 0.7 
mm. 

[0103] The recording layer 4 is a layer Where a phase 
change betWeen a crystal phase and an amorphous phase is 
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generated by irradiation of light or application of an electric 
energy, and record marks are formed. The erasure and 
overWrite can be carried out if the phase change is revers 
ible. It is preferable to use Ge—Sb—Te or Ge—Sn—Sb— 
Te Which is a rapid crystalliZation material, as a reversible 
phase change material. Speci?cally, GeTe—Sb2Te3 pseudo 
binary composition is preferably used as Ge—Sb—Te. In 
this case, the composition preferably satisfy 
4Sb2Te3§GeTe§50Sb2Te3. In case of GeTe<4Sb2Te3, the 
variation in the amount of re?ected light before and after 
recording is small, resulting in deterioration of the quality of 
a read-out signal. In case of 50Sb2Te3<GeTe, the volume 
variation betWeen a crystal phase and an amorphous phase 
is large, resulting in deterioration of overWrite cyclability. 
Ge—Sn—Sb—Te has a crystalliZation speed higher than 
Ge—Sb—Te. Ge—Sn—Sb—Te is, for example, a material 
in Which Sn is substituted for part of Ge of GeTe—Sb2Te3 
pseudo-binary composition. It is preferable that the content 
of Sn is 20 atomic % or less in the recording layer 4. If it 
exceeds 20 atomic %, the crystalliZation speed is too high 
and therefore, the stability of an amorphous phase is 
impaired, Which results in deterioration of reliability of 
record marks. The content of Sn can be adjusted depending 
on the recording conditions. 

[0104] The recording layer 4 may be formed from a 
material containing Bi such as Ge—Bi—Te, Ge—Sn—Bi— 
Te, Ge—Sb—Bi—Te, or Ge—Sn—Sb—Bi—Te. Bi more 
easily crystalliZes than Sb. Therefore, the crystalliZation 
speed of the recording layer can be increased by substituting 
Bi for part of Sb. 

[0105] Ge—Bi—Te is a mixture of GeTe and Bi2Te3. In 
this mixture, it is preferable that 8Bi2Te3§ GeTe §25Bi2Te3. 
In case of GeTe<8Bi2Te3, the crystalliZation temperature is 
reduced, resulting in deterioration of archival characteristic. 
In case of 25Bi2Te3<GeTe, the volume variation betWeen a 
crystal phase and an amorphous phase is large, resulting in 
deterioration of overWrite cyclability. 

[0106] Ge—Sn—Bi—Te is obtained by substituting Sn 
for part of Ge of Ge—Bi—Te. The crystalliZation speed can 
be controlled depending on the recording conditions by 
adjusting the content of Sn introduced by substitution. 
Substitution by Sn is suitable for ?ne adjustment of the 
crystalliZation speed compared With substitution by Bi. In 
the recording layer, the content of Sn is preferably 10 atomic 
% or less. If the content of Sn is more than 10 atomic %, the 
crystalliZation speed becomes too high, Which reduces the 
stability of an amorphous phase, and therefore, the archival 
characteristic of record marks is deteriorated. 

[0107] Ge—Sn—Sb—Bi—Te is obtained by substituting 
Sn for part of Ge of Ge—Sb—Te, and Bi for part of Sb of 
Ge—Sb—Te. This corresponds to a mixture of GeTe, SnTe, 
Sb2Te3 and Bi2Te3. As to this mixture, the crystalliZation 
speed can be controlled depending on the recording condi 
tions, by adjusting the content of Sn and Bi introduced by 
substitution. In Ge—Sn—Sb—Bi—Te, it is preferable that 
4(Sb—Bi)2Te3§(Ge—Sn)Te§25(Sb—Bi)2Te3. In case of 
(Ge—Sn)Te<4(Sb—Bi)2Te3, the variation in the amount of 
re?ected light before and after recording is small, resulting 
in deterioration of the quality of a read-out signal. In case of 
25(Sb—Bi)2Te3<(Ge—Sn)Te, the volume variation 
betWeen a crystal phase and an amorphous phase is large, 
resulting in deterioration of overWrite cyclability. In the 


























































