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(57) ABSTRACT 

Aphase change optical recording medium has on a substrate 
a recording layer consisting essentially of a Sb base thin ?lm 
and a reactive thin ?lm. The Sb base thin ?lm is formed by 
depositing a Sb base material containing at least 95 at % of 
Sb to a thickness of 70-150 The reactive thin ?lm is 
formed of a material Which forms a phase change recording 
material When mixed With Sb. The reactive thin ?lm is 
typically formed of an In—Ag—Te or Ge—Te material. 
Stable Write/read characteristics are accomplished at the ?rst 
overwriting, initializing operation is eliminated, and reWrit 
ing is impossible at the same linear velocity as recording. 
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OPTICAL RECORDING MEDIUM AND METHOD 
FOR MAKING 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a phase change optical 
recording medium and a method for preparing the same. 

[0003] 2. Prior Art 

[0004] Highlight is recently focused on optical recording 
media capable of recording information at a high density and 
erasing the recorded information for overWriting. One typi 
cal reWritable (or erasable) optical recording medium is of 
the phase change type Wherein a laser beam is directed to the 
recording layer to change its crystallographic state Where 
upon a change of re?ectance by the crystallographic change 
is detected. Optical recording media of the phase change 
type are of great interest since they can be overWritten by 
modulating the intensity of a single light beam and the 
optical system of the drive unit used for their operation is 
simple as compared With magneto-optical recording media. 

[0005] Most optical recording media of the phase change 
type used Ge—Te systems Which provide a substantial 
difference in re?ectance betWeen crystalline and amorphous 
states and have a relatively stable amorphous state. It Was 
recently proposed to use neW compounds knoWn as chal 
copyrites. Chalcopyrite compounds Were investigated as 
compound semiconductor materials and have been applied 
to solar batteries and the like. The chalcopyrite compounds 
are composed of Ib-IIIb-VIb2 or IIb-IVb-Vb2 as expressed in 
terms of the Groups of the Periodic Table and have tWo 
stacked diamond structures. The structure of chalcopyrite 
compounds can be readily determined by X-ray structural 
analysis and their basic characteristics are described, for 
example, in Physics, Vol. 8, No. 8 (1987), pp. 441 and Denki 
Kagaku (Electrochemistry), Vol. 56, No. 4 (1988), pp. 228. 

[0006] Among the chalcopyrite compounds, AgInTe2 is 
knoWn to be applicable as a recording material by diluting 
it With Sb or Bi. The resulting optical recording media are 
generally operated at a linear velocity of about 7 m/s. See 
Japanese Patent Application Kokai (JP-A) No. 240590/ 
1991, 99884/1991, 82593/1991, 73384/1991, and 151286/ 
1992. 

[0007] In addition to these phase change type optical 
recording media using chalcopyrite compounds, JP-A 
267192/1992, 232779/1992, and 166268/1994 disclose 
phase change type optical recording media Wherein an 
AgSbTe2 phase forms When a recording layer crystalliZes. 

[0008] For prior art phase change type optical recording 
media, recording layers are formed using vacuum deposition 
equipment and remain amorphous immediately after forma 
tion. The recording layers must be crystalliZed by an opera 
tion generally knoWn as initialiZation before the recording 
media can be utiliZed as reWritable media. 

[0009] InitialiZation is carried out in various Ways, for 
example, after a recording layer is formed on a substrate, by 
heating the substrate to the crystalliZation temperature of the 
recording layer for crystalliZation as disclosed in JP-A 
3131/1990; irradiating a laser beam to the recording layer 
for crystalliZation, Which method is called solid phase ini 
tialiZation, as disclosed in JP-A 366424/1992, 201734/1990 
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and 76027/1991; irradiating ?ash light to the substrate to 
achieve pseudo-crystallization by so-called photo-darken 
ing, Which method takes advantage of the photo character 
istics of calcogen compounds, as disclosed in JP-A 281219/ 
1992; and high-frequency induction heating the medium. 
JP-A 98847/1990 proposes to heat a substrate during for 
mation of a recording layer to thereby crystalliZe the record 
ing layer. JP-A 5246/1990 discloses a method involving the 
steps of forming a ?rst dielectric layer, forming a recording 
layer thereon, heating it for crystalliZation, and forming a 
second dielectric layer thereon. 

[0010] HoWever, the initialiZation step by laser beam 
irradiation takes a long time and causes loW productivity. 
Heating of the overall medium rejects the use of inexpensive 
resin substrates. That is, resin substrates can be distorted 
upon heating for initialiZation, causing tracking errors. The 
method of irradiating ?ash light is also loW in productivity 
because several shots of irradiation are necessary to achieve 
full crystalliZation. 

[0011] Under the circumstances, the use of a so-called 
bulk eraser is the only technique Which is regarded com 
mercially acceptable and currently used. The bulk eraser 
irradiates a beam from a high poWer gas or semiconductor 
laser through a relatively large aperture stop for crystalliZing 
a multiplicity of tracks altogether. Since the bulk eraser 
permits the recording layer to be locally heated, the substrate 
temperature is elevated to a little extent, enabling the use of 
less heat resistant resins as substrates. 

[0012] The bulk eraser, hoWever, requires a time of several 
minutes for initialiZing optical recording discs of 12 cm in 
diameter. Then the initialiZing step is a rate-determining step 
in the making of optical recording discs. While TeGeSb base 
materials are currently most Widely used for phase change 
recording layers, it is believed that the initialiZing operation 
cannot be removed insofar as these materials are used. 

[0013] Prior art phase change type recording media 
require to repeat reWriting several times after initialiZation 
until a constant rate of erasure is reached. In most cases, 
reWriting is repeated about ten times before performance 
rating is carried out. The reason Why the rate of erasure 
remains unstable upon reWriting immediately after initial 
iZation is that the formation of a AgSbTe2 or In—Ge 
crystalline phase is incomplete. 

[0014] To eliminate the initialiZation step Which is 
required by prior art phase change type recording media, 
U.S. Ser. No. 08/598,913, entitled “Method for Preparing 
Phase Change Optical Recording Medium” and assigned to 
the same assignee as the present invention, proposes a 
method for forming a In—Ag—Te—Sb base recording layer 
by separately effecting the step of sputtering Sb+In and the 
step of sputtering Ag+Te or by separately effecting the step 
of sputtering Sb, the step of sputtering In, and the step of 
sputtering Ag+Te. The recording layer formed by such a 
series of steps has been at least partially crystalliZed. After 
recording is repeated on the recording layer formed by this 
method so that the elements in the recording layer are fully 
diffused and mixed With each other, a sufficient change of 
re?ectance is obtained as acquired after initialiZation by the 
bulk eraser. HoWever, in the duration from immediately after 
the formation of the recording layer to several times of 
reWriting, the rate of erasure remains unstable like prior art 
phase change type recording media. More particularly, since 
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re?ectance is different between the region crystallized dur 
ing formation and the region crystallized upon rewriting, the 
re?ectance remains unstable until the reWritten regions are 
extended by increments throughout the entire surface of the 
recording layer. In the case of mark edge recording utiliZed 
in reWritable digital video discs (DVD-RAM), such re?ec 
tance variations can be mistaken for mark edges. 

[0015] JP-A 106647/1996 discloses a phase change type 
recording medium comprising a recording layer in the form 
of AgInSbTe system arti?cial superlattice ?lm having alter 
nately deposited AgSbTe2 ?lms and In—Sb ?lms or having 
alternately deposited AgSbTe2 ?lms, In ?lms, and Sb ?lms. 
One of the alleged advantages is that the initialiZation energy 
required for the entire recording layer is reduced because the 
crystalliZed AgSbTe2 ?lms are used. 

[0016] We found that When an AgSbTe2 ?lm and an 
In—Sb ?lm Were stacked, as in the case of US. Ser. No. 
08/598,913, the re?ectance remained unstable in the dura 
tion from immediately after the formation of the recording 
layer to several times of reWriting. Also When an AgSbTe2 
?lm, an Sb ?lm, and an In ?lm Were alternately deposited, 
the re?ectance remained unstable until reWriting Was done 
several times. To acquire a stable re?ectance in the crystal 
line region upon reWriting, the In—Ge crystalline phase 
must be present in the crystalline region. HoWever, in the 
embodiment of JP-A 106647/1996 Wherein indium is not 
present in the AgSbTe2 ?lm, but as the In—Sb ?lm or In 
?lm, it becomes dif?cult for indium to bond With tellurium 
to form an In—Ge crystalline phase. Where initialiZation is 
carried out With loW energy as described in JP-A 106647/ 
1996, the In—Ge crystalline phase cannot be fully formed 
during the initialiZation. For this reason, the re?ectance 
remained unstable until the In—Ge crystalline phase is fully 
formed by repeating reWriting several times. It is noted that 
speci?c initialiZing conditions such as linear velocity and 
laser poWer are described noWhere in JP-A 106647/ 1996. 

[0017] In examples described in JP-A 106647/1996, the 
Sb ?lms and In—Sb ?lms have a thickness of less than 5 nm. 
These ?lms cannot be crystalline When their thickness is less 
than 5 nm. As a result, the re?ectance of the recording layer 
immediately after its formation is very loW. Since the loW 
re?ectance hinders focusing of a laser beam and hence, 
uniform heating, it becomes difficult to achieve uniform 
initialiZation. 

[0018] Still further, the content of indium in the In—Sb 
?lm is described noWhere in J P-A 106647/ 1996. In Example 
of JP-A 106647/1996, a laminate construction Wherein 
indium and antimony are separated into In ?lms and Sb ?lms 
is simply compared With a single layer construction Wherein 
indium and antimony are not separated, but formed into an 
In—Sb ?lm. It is thus believed that the composition of the 
In—Sb ?lm is the same as the combination of In and Sb 
?lms. Since the In and Sb ?lms have the same gauge, it is 
believed that the indium content in the In—Sb ?lm is about 
10 to 15 at %. Such a high indium content makes it difficult 
to form an In—Sb ?lm as a crystalline one even if its 
thickness is increased. There still arises the above-men 
tioned problem associated With initialiZation. 

SUMMARY OF THE INVENTION 

[0019] Therefore, an object of the present invention is to 
provide a novel and improved phase change optical record 
ing medium Wherein the manufacturing time is reduced and 
stable Write/read characteristics are accomplished at the ?rst 
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overWriting as opposed to prior art optical recording media 
Wherein the initialiZing step of the recording layer is a 
rate-determining step in their manufacture. 

[0020] Another object of the present invention is to pro 
vide a novel and improved Write-once type phase change 
optical recording medium Which eliminates initialiZing 
operation and Which cannot be reWritten at the same linear 
velocity as recording. 

[0021] In a ?rst aspect of the invention, there is provided 
an optical recording medium comprising on a transparent 
substrate a recording layer consisting essentially of at least 
one antimony base thin ?lm and at least one reactive thin 
?lm. The antimony base thin ?lm and the reactive thin ?lm 
are disposed in close contact. The antimony base thin ?lm is 
formed by depositing an Sb base material containing at least 
95 at % of antimony to a thickness of at least 70 The 
reactive thin ?lm is formed of a material Which forms a 
phase change recording material When mixed With anti 
mony. 

[0022] Preferably, the antimony base thin ?lm is crystal 
line. 

[0023] In a ?rst preferred embodiment of the optical 
recording medium, the reactive thin ?lm is formed by 
depositing a In—Ag—Te base material containing indium, 
silver, and tellurium as major components or indium, silver, 
tellurium, and antimony as major components. 

[0024] In the In—Ag—Te base material, the atomic ratio 
of indium, silver, tellurium, and antimony is typically rep 
resented by the formula: 

[0025] Wherein letters x, y, and Z are in the range: 
012x203, 0.1§y§0.3, and 02220.5. 

[0026] Preferably, at least one of the Sb base material and 
the In—Ag—Te base material contains an element M 
selected from the group consisting of H, Si, C, V, W, Ta, Zn, 
Ti, Ce, Tb, and Y, the content of element M in the recording 
layer is less than 5 at %, and the content of element M in the 
Sb base material is less than 5 at %. 

[0027] In the recording layer, the silver may be partially 
replaced by gold; the antimony may be partially replaced by 
bismuth; the tellurium may be partially replaced by sele 
nium; the indium may be partially replaced by aluminum or 
phosphorus or both. 

[0028] In a second preferred embodiment of the optical 
recording medium, the reactive thin ?lm is formed by 
depositing a Ge—Te base material containing germanium 
and tellurium as major components or germanium, tellu 
rium, and antimony as major components. 

[0029] The number of interfaces betWeen the antimony 
base thin ?lm and the reactive thin ?lm in the recording layer 
is preferably up to 20. 

[0030] Preferably, When a re?ectance is measured from 
the side of the transparent substrate, the recording layer as 
prepared has a re?ectance R0, and the recording layer 
having undergone repetitive recording includes a crystalline 
portion having a re?ectance Rc and an amorphous portion 
having a minimum re?ectance Ra, Which are in the rela 
tionship: Ra<Ro§Rc. 
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[0031] Preferably, the recording layer is irradiated With a 
laser beam at a linear velocity Whereby the antimony base 
thin ?lm-forming material and the reactive thin ?lm-forming 
material are mixed to form a record mark, and the laser beam 
irradiation at the linear velocity is insuf?cient to crystalliZe 
the record mark. That is, When a laser beam is irradiated at 
the same linear velocity as used in forming a record mark, 
the record mark cannot be crystalliZed. 

[0032] In a second aspect of the invention, there is pro 
vided a method for producing an optical recording medium 
as de?ned above, comprising the miXing step of continu 
ously eXposing the recording layer to a laser beam to thereby 
miX the antimony base thin ?lm-forming material With the 
reactive thin ?lm-forming material. 

[0033] In the miXing step, the recording layer is irradiated 
With a laser beam at a linear velocity Vm Which is preferably 
controlled relative to the linear velocity VW at Which the 
recording layer is irradiated With a laser beam during a 
reWriting step, so as to satisfy 0.2 VW<Vm. More preferably, 
the linear velocity Vm is controlled so as to satisfy 
VWéVm. 

[0034] Also provided is a method for producing an optical 
recording medium as de?ned above, comprising the steps of 
evacuating a sputtering chamber to loWer than 05x10“2 Pa, 
introducing a sputtering atmosphere gas into the chamber, 
and sputtering the Sb base material in the chamber to deposit 
the antimony base thin ?lm. 

[0035] Further provided is a method for producing an 
optical recording medium as de?ned above, comprising the 
steps of forming the recording layer, and heat treating the 
recording layer at a temperature of 60 to 120° C. 

[0036] In prior art phase change recording media, the 
single-ply amorphous recording layer formed by sputtering 
is initialiZed or crystalliZed by heating and sloW cooling. 
When a reWriting or overWriting laser beam is irradiated 
after initialiZation, the recording layer is melted in the region 
Where the recording poWer is applied and thereafter, 
quenched into an amorphous or microcrystalline state With 
a loWer re?ectance, forming a record mark. In the region 
Where the erasing poWer is applied, no change occurs and 
the re?ectance is maintained unchanged from that after 
initialiZation. Upon subsequent reWriting, the recording 
poWer is applied at sites Where neW record marks are to be 
formed and the erasing poWer is applied at the remaining 
sites. Whether the state before irradiation is crystalline or 
amorphous or microcrystalline, the sites Where the recording 
poWer is applied are all converted into amorphous or micro 
crystalline record marks and the sites Where the erasing 
poWer is applied all assume a crystalline state. OverWrite 
recording is enabled in this Way. 

[0037] In contrast, the optical recording medium of the 
present invention is produced by depositing an antimony 
base thin ?lm and a reactive thin ?lm and effecting a miXing 
treatment. The miXing treatment is to irradiate a laser beam 
to the recording layer to heat it in order to miX the elements 
of the antimony base thin ?lms With the elements Of the 
reactive thin ?lms. As a result of the miXing treatment, the 
recording layer assumes a state Wherein amorphous phases 
such as Ag—Sb—Te are dispersed in the Sb crystalline 
phase. Although the re?ectance of the recording layer before 
the miXing treatment is relatively high due to the crystalliZed 
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antimony base thin ?lms, the miXing treatment reduces the 
re?ectance. It is understood that the re?ectance of the 
recording layer after the miXing treatment is still higher than 
the re?ectance of amorphous areas or record marks. 

[0038] The miXing treatment achieves the same effect as 
the initialiZation treatment used in prior art phase change 
recording media in the sense that the recording layer as 
formed is converted into a recordable state. Although the 
prior art initialiZation treatment crystalliZes the recording 
layer to increase its re?ectance, the miXing treatment accord 
ing to the invention converts the recording layer into a state 
Wherein amorphous phases are dispersed in the antimony 
crystalline phase, inviting a drop of re?ectance. 

[0039] After the miXing treatment, recording and reWriting 
(or overWriting) may be carried out in the same manner as 
in the prior art phase change recording media. More par 
ticularly, the recording layer is melted in the region Where 
the recording poWer is applied and thereafter, quenched into 
an amorphous or microcrystalline state, forming a record 
mark. In the region Where the erasing poWer is applied, 
crystalliZation of AgSbTe2 or the like occurs to increase the 
re?ectance. Subsequent reWriting is carried out in the same 
manner as in the prior art phase change recording media. 

[0040] According to the invention, the re?ectances of the 
record mark and crystalline regions obtained upon ?rst 
irradiation of reWriting laser beam after the miXing treatment 
are equal to those of the record mark and crystalline regions 
upon second or later irradiation of reWriting laser beam, 
respectively. That is, unlike the prior art phase change 
recording media Wherein the single-ply amorphous record 
ing layer is initialiZed, the optical recording medium of US. 
Ser. No. 08/598,913, and the optical recording medium of 
JP-A 106647/1996, the recording layer of the invention has 
a fully stable re?ectance already at the ?rst recording and 
reWriting. 

[0041] In the optical recording medium of the invention, 
provided that the recording layer as prepared (that is, prior 
to the miXing treatment) has a re?ectance R0, and the 
recording layer having undergone repetitive recording 
includes a crystalline portion having a re?ectance Rc and an 
amorphous portion (or record mark) having a minimum 
re?ectance Ra, these re?ectances are in the relationship: 

[0042] Note that the re?ectance is measured from the side 
of the transparent substrate. The minimum re?ectance of the 
amorphous portion is obtained When the re?ectance 
becomes loWest as amorphous conversion proceeds to the 
most eXtent. The re?ectance R0 of the recording layer 
immediately after its formation is generally loWer than Rc, 
but relatively high due to the crystalliZed antimony thin ?lm 
as previously mentioned, for eXample, at least about 60% of 
Rc. This enables precise control of the focusing of a laser 
beam irradiated for the miXing treatment While the miXing 
treatment becomes uniform. In the event Where the reactive 
thin ?lm is also crystalliZed, Ro can be equaliZed to Rc by 
optimiZing the composition and thickness of both the thin 
?lms and optimiZing the material and thickness of a dielec 
tric layer and a re?ective layer Which are formed on the 
medium surface along With the recording layer. In this event, 
the miXing treatment can be removed. 

[0043] According to the invention, the linear velocity at 
Which the medium is rotated during the miXing treatment 
can be set signi?cantly higher than the linear velocity at 
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Which the medium is rotated during conventional initialiZa 
tion treatment. This achieves an improvement in productiv 
ity. 

[0044] In the conventional initialization treatment, the 
single-ply amorphous recording layer formed by sputtering 
is heated and sloWly cooled for crystalliZation. In the case of 
phase change recording media, When the amorphous record 
mark is erased or crystalliZed by overWriting, the record 
mark is heated and then sloWly cooled. Since the recording 
layer as formed and the record mark are common in that they 
are amorphous, but different in energy, the initialiZation 
requires higher energy and a loWer linear velocity in order 
to loWer the cooling rate. Herein, the linear velocity at Which 
the rate of erasure during overWriting is less than —25 dB is 
designated a “reWritable linear velocity,” and the linear 
velocity at Which an optimum rate of erasure is available is 
designated a “reWritable optimum linear velocity.” The 
linear velocity required for initialiZation is about 1/3 to about 
1/2 of the reWritable optimum linear velocity. As a conse 
quence, the initialiZation by irradiation of a laser beam 
requires a longer time. 

[0045] 
tionship: 

In contrast, the present invention enables the rela 

[0046] Wherein Vm is the linear velocity at Which the 
recording layer is rotated relative to a laser beam during the 
miXing treatment, and VW is the reWritable optimum linear 
velocity after the miXing treatment. As a consequence, the 
time required for the miXing treatment is signi?cantly 
shorter than the time required for the conventional initial 
iZation. The linear velocity Vm can be increased by increas 
ing the poWer of a laser beam during the miXing treatment. 
Although the upper limit of Vm is not particularly speci?ed, 
it is usually 

VméS VW 

[0047] 
are used, 

[0048] If the linear velocity Vm during the miXing treat 
ment is made loWer, the miXing treatment is enabled by a 
loWer poWer laser beam. Then the necessary laser poWer can 
be very loW When the miXing treatment is carried out at an 
equal linear velocity to the conventional initialiZation. HoW 
ever, in order to carry out the miXing treatment at a practical 
rate, the linear velocity Vm is preferably controlled to be: 

Where an ordinary bulk eraser and recording device 

[0049] The optical recording medium of the present inven 
tion is Well durably reWritable. Aprior art In—Ag—Te—Sb 
system medium fabricated by initialiZing a single-ply amor 
phous recording layer becomes substantially non-reWritable 
after about 10,000 cycles of repetitive reWriting because the 
rate of erasure drops. In contrast, the ?rst embodiment of the 
present invention Which is also a In—Ag—Te—Sb system 
medium can maintain the rate of erasure over about 100,000 
cycles of repetitive reWriting. Also the second embodiment 
of the present invention Which is a Te—Ge—Sb system 
medium is more durably reWritable than prior art Te—Ge— 
Sb system media. 

[0050] It is believed that such an improvement in reWriting 
durability is accomplished by stacking a reactive thin ?lm 
and a crystalliZed antimony base thin ?lm and subjecting 
them to miXing treatment as Will be described later. 
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[0051] In the ?rst embodiment of the invention, in order to 
provide an increased re?ectance and an increased rate of 
erasure, a microcrystalline phase of Sb must be present in 
addition to the AgSbTe2 crystalline phase upon application of 
erasing poWer to the In—Ag—Te—Sb system recording 
layer to effect crystalliZation. In the prior art method of 
initialiZing a single-ply amorphous recording layer, hoW 
ever, microcrystals of Sb are ?rst formed upon initialiZation, 
silver is likely to diffuse into the antimony microcrystals, 
and the repetition of reWriting further promotes the silver 
diffusion, Whereupon the function of antimony microcrystals 
is exacerbated. Accordingly, the rate of erasure loWers as 
reWriting is repeated. In contrast, according to the present 
invention, When a reactive thin ?lm is miXed With a crys 
talliZed antimony base thin ?lm, the silver (Ag) Which has 
formed stable compounds of Ag—Te and AgSbTe2 is miXed 
With the antimony (Sb) phase. Since silver is thus unlikely 
to diffuse into antimony microcrystals, the repetition of 
reWriting causes only a slight drop of the erasure rate. 

[0052] Further, in the second embodiment of the inven 
tion, tellurium (Te) behaves as does silver (Ag) in the ?rst 
embodiment. Since tellurium forms stable compounds of 
GeTe2 and Sb2Te3 before miXing With the antimony (Sb) 
phase, the diffusion of tellurium alone is suppressed, result 
ing in an improvement in reWriting durability. 

[0053] The optical recording medium of the invention is 
described as the reWritable (or erasable) one although it may 
be used as a Write-once type. In the Write-once type appli 
cation of the optical recording medium according to the 
invention, the treatment of miXing both the thin ?lms should 
be removed. The Write-once type optical recording medium 
according to the invention can be recorded, but cannot be 
erased When the above-mentioned reWriting method is used, 
that is, When a drive unit for reWritable recording media is 
used. More particularly, miXing of the antimony base thin 
?lm and the reactive thin ?lm is possible When the recording 
poWer is applied, but crystalliZation is impossible in the 
region Where miXing has occurred When the erasing poWer 
is applied to that region at the same linear velocity as in the 
recording mode. Since the optical recording medium accord 
ing to the invention can have a relatively high re?ectance 
immediately after preparation and achieve a substantial drop 
of re?ectance as a result of miXing treatment, the invention 
accomplishes a Write-once type optical recording medium 
eliminating a need for initialiZation and having eXcellent 
characteristics. The recording layer capable of Write-once 
type recording can be established by properly selecting the 
composition and thickness of both the thin ?lms. 

[0054] While the ?rst and second embodiments of the 
invention have the above-mentioned advantages, the ?rst 
embodiment is superior in reWriting durability. Since the 
recording layer can be made thinner, the ?rst embodiment 
has the additional advantages of reduced light absorption 
and a higher re?ectance. This alloWs the degree of modu 
lation to be markedly increased by the provision of a 
dielectric layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] These and further features of the present invention 
Will be apparent With reference to the folloWing description 
and draWings, Wherein: 



US 2001/0031332 A1 

[0056] FIG. 1 is a schematic cross-sectional vieW of a 
portion of an optical recording medium according to the 
present invention. 

[0057] FIG. 2 is a schematic cross-sectional vieW of a 
portion of another optical recording medium according to 
the present invention. 

[0058] FIG. 3 shoWs an electron beam diffraction image 
of a recording layer having a In—Ag—Te reactive thin ?lm 
formed on an antimony thin ?lm. 

[0059] FIG. 4 is a TEM electronmicrograph of the record 
ing layer having a In—Ag—Te reactive thin ?lm formed on 
an antimony thin ?lm. 

[0060] FIG. 5 is a schematic cross-sectional vieW of a 
portion of a further optical recording medium according to 
the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0061] Brie?y stated, an optical recording medium accord 
ing to the invention has on a transparent substrate a record 
ing layer consisting essentially of at least one antimony base 
thin ?lm and at least one reactive thin ?lm. In the recording 
layer, the antimony base thin ?lm is disposed in close 
contact With the reactive thin ?lm. 

[0062] The antimony base thin ?lm is formed by depos 
iting an antimony base material containing at least 95 at %, 
preferably at least 97 at % of antimony (Sb), for example, by 
a sputtering technique. The antimony base thin ?lm has a 
thickness of at least 70 If the Sb content or thickness is 
beloW these limits, such antimony base thin ?lms are dif? 
cult to crystallize, failing to achieve the objects of the 
invention. 

[0063] The reactive thin ?lm is formed by depositing a 
material Which forms a phase change recording material 
When it is miXed With antimony. 

[0064] First embodiment: In—Ag—Te—Sb system 

[0065] In the ?rst embodiment of the invention, the reac 
tive thin ?lm is formed by depositing a In—Ag—Te base 
material, for eXample, by a sputtering technique. The 
In—Ag—Te base material contains indium (In), silver (Ag), 
and tellurium (Te) as major components or indium, silver, 
tellurium, and antimony (Sb) as major components. 

[0066] In the In—Ag—Te base material, the atomic ratio 
of indium, silver, tellurium, and antimony is preferably 
represented by the formula: 

[0067] Wherein letters X, y, and Z are in the range: 
012x203, 012y203, and 022205, 

[0068] more preferably in the range: 0152x2028, 
0152y2028, and 0122205, 

[0069] further preferably 0.222204. 

[0070] If the value of X is too smaller, the indium content 
of the recording layer is relatively too loW so that record 
marks become less amorphous, resulting in a loWer degree 
of modulation and loWer reliability. If the value of X is too 
larger, the indium content of the recording layer is relatively 
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too high so that the re?ectance of regions other than record 
marks becomes loW, resulting in a loWer degree of modu 
lation. 

[0071] If the value of y is too smaller, the silver content of 
the recording layer is relatively too loW so that the recrys 
talli2ation of record marks and hence, repetitive overWriting 
becomes dif?cult. If the value of y is too larger, the silver 
content of the recording layer is relatively too high so that 
eXcess silver solely diffuses into the antimony phase during 
the miXing treatment. This results in loWer reWriting dura 
bility, less stability of both the record marks and the crys 
talline regions, and a loss of reliability. Speci?cally, When 
the medium is stored at elevated temperature, record marks 
crystalli2e more to invite drops of C/N and modulation. 
Additionally, the deterioration of C/N and modulation 
caused by repetitive recording is promoted. 

[0072] If the value of X+y is too smaller, tellurium 
becomes excessive to form a Te phase, Which loWers the rate 
of crystal transition to hinder erasure. If the value of X+y is 
too larger, it Would become dif?cult to make the recording 
layer amorphous and it Would become impossible to record 
signals. 

[0073] If the value of 2 is too larger, it Would become 
dif?cult to make the recording layer amorphous and it Would 
become impossible to record signals. Although 2 may be 
equal to 0, it is preferred to introduce antimony so that 2 may 
fall in the more preferred range because the inclusion of Sb 
in the reactive thin ?lm improves reWriting durability. When 
2 is in the optimum range in Which the crystallization 
temperature of the recording layer becomes loWest, crystal 
li2ation proceeds during formation of the recording layer 
and the energy required for the miXing treatment is very loW 
or even fully stable reWriting becomes possible Without a 
need for miXing treatment. Even if crystalli2ation proceeds 
during formation of the recording layer, no intermiXing 
occurs betWeen both the thin ?lms. That is, both the thin 
?lms are present as independent crystalli2ed ?lms. 

[0074] The antimony base thin ?lm and/or the reactive 
thin ?lm preferably contains an element M. The element M 
is selected from the group consisting of H, Si, C, V, W, Ta, 
Zn, Ti, Ce, Tb, and Y. The element M is effective for 
improving reWriting durability, more speci?cally restraining 
the rate of erasure from loWering as a result of repetitive 
reWriting. It is also effective for improving reliability under 
severe conditions such as hot humid conditions. At least one 
of V, Ta, Ce and Y is preferred among the elements M 
because their effects are more outstanding. V and/or Ta is 
more preferred, With V being most preferred. 

[0075] The content of element M is 5 at % or less, 
preferably 3 at % or less of the entire recording layer. If the 
M content of the recording layer is too high, the change of 
re?ectance associated With a phase change becomes too 
small to provide a degree of modulation. In order that the 
element M eXert the above-mentioned effects, the M content 
in the recording layer should preferably be at least 05 at %. 

[0076] Where the element M is contained in the antimony 
base material, the content of element M in the Sb base 
material is 5 at % or less, more preferably 3 at % or less. If 
the M content of the antimony base material is too high, the 
antimony base thin ?lm cannot be converted into a crystal 
line ?lm, failing to achieve the objects of the invention. It is 
preferred that the antimony base thin ?lm consist essentially 
of antimony or of antimony and element M. 
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[0077] The thickness of the antimony base thin ?lm and 
the thickness of the reactive thin ?lm may be properly 
determined in accordance With the compositions of both the 
thin ?lms so that the desired composition of the recording 
layer (Which is obtained after intermiXing of both the thin 
?lms) may be eventually obtained. 

[0078] (The thickness of the antimony base thin ?lm is at 
least 70 A, preferably at least 80 A. If the antimony base thin 
?lm is too thin, it does not become a uniform crystalline 
?lm, but an amorphous ?lm, failing to achieve the objects of 
the invention. If the antimony base thin ?lm is too thick, the 
reactive thin ?lm must accordingly be thick and conse 
quently, the recording layer as a While becomes too thick and 
increases light absorption. This results in a loWer re?ectance 
and loWer modulation. For this reason, the thickness of the 
antimony base thin ?lm iso preferably less than 150 A, more 
preferably less than 110 A. 

[0079] The thickness of the reactive thin ?lm correspond 
ing to the thickness oof the antimony base thino?lm is 
preferably 25 to 100 A, more preferably 30 to 90 A. If the 
reactive thin ?lm is thin, it may be island-like rather than 
continuous. In the ?rst embodiment of the invention, the 
reactive thin ?lm need not be a continuous ?lm. 

[0080] It is noted that the thickness of each thin ?lm is 
expressed by a value calculated by multiplying a deposition 
rate by a deposition time. 

[0081] The recording layer may consist solely of one 
antimony base thin ?lm and one reactive thin ?lm. By 
constructing the recording layer from three or more ?lms, 
the reWriting durability is signi?cantly improved and the 
energy necessary for intermiXing is reduced. Where both the 
thin ?lms are present in the recording layer in a total number 
of at least three ?lms, the recording layer may be an even 
number ply structure consisting of alternating antimony base 
thin ?lms and reactive thin ?lms or an odd number ply 
structure having thin ?lms of the same type at opposed 
surfaces, most preferably an odd number ply structure 
having reactive thin ?lms at opposed surfaces. The recording 
layer of the structure having reactive thin ?lms at opposed 
surfaces, that is, the structure Wherein every antimony base 
thin ?lm is interleaved betWeen reactive thin ?lms is advan 
tageous in that intermiXing of the materials of both the thin 
?lms rapidly and uniformly occurs and the energy necessary 
for intermiXing is further reduced. 

[0082] If the number of both thin ?lms is too large, the 
recording layer becomes too thick. Therefore, the number of 
interfaces betWeen antimony base thin ?lms and reactive 
thin ?lms in the recording layer is preferably 20 or less, more 
preferably 10 or less. 

[0083] The atomic ratio of elements in the entire recording 
layer consisting of antimony base thin ?lms combined With 
reactive thin ?lms is preferably represented by the folloWing 
formula: 

{(lnaAgbTeliaib)1*cSbC}1*dMd (1'2) 

[0084] Wherein letters a, b, c, and d are in the range: 
0.1 §a§0.3, 0.1 §b§0.3, 0.5§c§0.8, and 0§d§0.05, more 
preferably 0.15 i a§0.28, 0.15 éb 20.28, 0.55 §c§0.65, and 
0.005§d§0.05. 

[0085] The reason Why a and b are limited to the above 
range is the same as the reason of limitation of X and y in 
formula (I-1). The reason of limitation of d representative of 
the M content is as previously described. If c is too small in 
formula (I-2), the difference in re?ectance associated With a 
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phase change increases, but the rate of crystal transition is 
drastically decelerated to restrain erasure. If c is too large, 
the difference in re?ectance associated With a phase change 
decreases and the degree of modulation is reduced. 

[0086] Although it is preferred that the recording layer 
consists essentially of silver (Ag), antimony (Sb), tellurium 
(Te) and indium (In), it is acceptable that the silver is 
partially replaced by gold (Au); the antimony is partially 
replaced by bismuth (Bi); the tellurium is partially replaced 
by selenium (Se); and the indium is partially replaced by 
aluminum and/or phosphorus 

[0087] The percent replacement of Ag by Au is preferably 
less than 50 at %, more preferably less than 20 at %. With 
a higher percent replacement, record marks are likely to 
crystalliZe, leading to a loss of reliability at elevated tem 
perature. 

[0088] The percent replacement of Sb by Bi is preferably 
less than 50 at %, more preferably less than 20 at %. With 
a higher percent replacement, the recording layer Would 
have an increased coefficient of absorption. As a result, the 
optical interference effect and the difference in re?ectance 
betWeen crystalline and amorphous regions are reduced, 
leading to a loWer degree of modulation and a loWer C/N. 

[0089] The percent replacement of Te by Se is preferably 
less than 50 at %, more preferably less than 20 at %. With 
a higher percent replacement, the crystal transition Would be 
retarded and the rate of erasure be reduced. 

[0090] The percent replacement of In by Al and/or P is 
preferably less than 40 at %, more preferably less than 20 at 
%. With a higher percent replacement, record marks Would 
become less stable With a resultant loss of reliability. The 
proportion of Al and P is arbitrary. 

[0091] It is noted that the recording layer after repetitive 
reWriting has a coef?cient of absorption k of about 3.3 in the 
crystalline state and about 2.2 in the microcrystalline or 
amorphous state. 

[0092] In the recording layer, there may be present other 
elements such as Cu, Ni, Zn, Fe, O, N, and C as trace 
impurities although the total content of such impurity ele 
ments should preferably be less than 0.05 at %. 

[0093] The composition of the recording layer is identi? 
able by electron probe microanalysis (EPMA), X-ray 
microanalysis, etc. 

[0094] The recording layer preferably has a thickness of 
about 95 to 500 A, more preferably about 130 to 300 A 
too thin recording layer Would restrain the groWth of a 
crystalline phase and provide an insuf?cient change of 
re?ectance associated With a phase change. If the recording 
layer is too thick, there Would occur a phenomenon during 
formation of record marks that silver Would diffuse in the 
recording layer more in a thickness direction thereof and less 
in an in-plane direction. As a result, the recording layer 
becomes less reliable. A too thick recording layer Would 
provide a loWer re?ectance and a loWer degree of modula 
tion as previously mentioned. 

[0095] Second embodiment: Te—Ge—Sb system 

[0096] In the second embodiment of the invention, the 
reactive thin ?lm is formed by depositing a Ge—Te base 
material. The Ge—Te base material contains germanium 
(Ge) and tellurium (Te) as major components or germanium, 
tellurium, and antimony (Sb) as major components. 
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[0097] In the Ge—Te base material, the atomic ratio of 
germanium, tellurium, and antimony is preferably repre 
sented by the formula: 

GeXSbyTekXiy (II-1) 
[0098] Wherein letters X and y are in the range: 
0.12§X§0.35 and 0§y§0.3, 

0099 more referabl 0.10; 20.3. P y y 

[0100] If the value of X is too small, record marks are more 
unlikely to crystalliZe and the rate of erasure Would be loWer. 
If the value of X is too large, much tellurium Would bond 
With germanium With the resultant precipitation of anti 
mony, inhibiting formation of record marks. 

[0101] If the value of y is too large, antimony Would 
precipitate to inhibit formation of record marks. Although y 
may be equal to 0, it is preferred to introduce antimony so 
that y may fall in the more preferred range because the 
inclusion of Sb in the reactive thin ?lm improves reWriting 
durability. 
[0102] The thickness of the antimony base thin ?lm and 
the thickness of the reactive thin ?lm may be properly 
determined in accordance With the compositions of both the 
thin ?lms so that the desired composition of the recording 
layer (Which is obtained after intermiXing of both the thin 
?lms) may be eventually obtained. 

[0103] The thickness of the antimony base thin ?lm is at 
least 70 A, preferably 80 to 100 A, more preferably 80 to 90 
A. If the antimony base thin ?lm is too thin, it does not 
become a uniform crystalline ?lm, but an amorphous ?lm, 
failing to achieve the objects of the invention. If the anti 
mony base thin ?lm is too thick, the reactive thin ?lm must 
accordingly be thick and consequently, the recording layer 
as a While becomes too thick and increases light absorption. 
This results in a loWer re?ectance and loWer modulation. 
The thickness of the reactive thin ?lm corresponding to the 
thickness of the antimony base thin ?lm is preferably 70 to 
100 A, more preferably 80 to 90 

[0104] As in the ?rst embodiment, the recording layer of 
the second embodiment may have a structure consisting of 
three or more ?lms. Also in this case, the recording layer of 
the structure having reactive thin ?lms at opposed surfaces 
is advantageous. The preferred number of interfaces 
betWeen antimony base thin ?lms and reactive thin ?lms in 
the recording layer is the same as in the ?rst embodiment. 

[0105] The atomic ratio of elements in the entire recording 
layer consisting of an antimony base thin ?lm combined 
With a reactive thin ?lm is preferably represented by the 
folloWing formula: 

GeaSbbTe1,a,b (II-2) 

[0106] Wherein letters a and b are in the range: 
0.08§a§0.25 and 0.20§b§0.40. 

[0107] The reason Why a is limited to the above range is 
the same as the reason of limitation of X in formula (II-1). 
If b is too small in formula (II-2), record marks are more 
likely to crystalliZe With a loss of reliability. If the value of 
b is too large, antimony Would precipitate to inhibit forma 
tion of record marks. 

[0108] The recording layer preferably has a thickness of 
about 140 to 500 A. Atoo thin recording layer Would restrain 
the groWth of a crystalline phase and provide an insuf?cient 

Oct. 18, 2001 

change of re?ectance associated With a phase change. A too 
thick recording layer Would provide a loWer re?ectance and 
a loWer degree of modulation as previously mentioned. 

[0109] Formation of recording layer 

[0110] In either of the ?rst and second embodiments of the 
invention, the antimony base thin ?lm and the reactive thin 
?lm are preferably formed by sputtering. Sputtering condi 
tions are not critical. Where a material containing a plurality 
of elements is to be sputtered, either an alloy target or a 
multi-source sputtering technique using a plurality of targets 
may be used. Either the antimony base thin ?lm or the 
reactive thin ?lm may be deposited ?rst. For the Write-once 
type application, the antimony base thin ?lm is ?rst formed 
so that the antimony base thin ?lm may be disposed on the 
recording light incident side. This order of ?lm formation 
enables the so-called “high-to-loW” recording that the 
recording layer has a high re?ectance prior to recording and 
a loW re?ectance after recording. 

[0111] The sputtering technique involves the steps of 
evacuating a sputtering or vacuum chamber, introducing a 
sputtering atmosphere gas such as argon therein, and sput 
tering the target. According to the invention, the sputtering 
chamber used for the formation of an antimony base thin 
?lm(s) should preferably be evacuated to a pressure prior to 
the introduction of the sputtering atmosphere gas (that is, 
ultimate gas pressure) of loWer than 05x10‘2 Pa, more 
preferably loWer than 0.2><10_2 Pa, most preferably loWer 
than 5x10“4 Pa. After the sputtering chamber is evacuated to 
such a vacuum, a sputtering atmosphere gas is introduced 
into the chamber Whereupon sputtering is carried out. By 
depositing an antimony base thin ?lm under such conditions, 
the formation of antimony microcrystals is promoted. After 
the antimony base thin ?lm and the reactive thin ?lm have 
been formed, the crystalliZation required for the antimony 
base thin ?lm has been substantially completed. Therefore, 
the establishment of the ultimate gas pressure in the above 
de?ned range prior to the formation of the antimony base 
thin ?lm is effective for reducing the time required for the 
miXing treatment. Better results are obtained When the 
invention is applied to the Write-once type optical recording 
medium. 

[0112] When the invention is applied to the Write-once 
type optical recording medium, the degree of crystalliZation 
of the recording layer as formed is important because the 
miXing treatment is removed. If the ultimate gas pressure in 
the above-de?ned range is established, the crystalliZation of 
the antimony base thin ?lm is substantially completed 
during formation of the recording layer so that there may 
result a greater difference in re?ectance from amorphous 
record marks and hence, a greater degree of modulation. 

[0113] The establishment of the ultimate gas pressure in 
the above-de?ned range is also effective for stabiliZing the 
Write/read characteristics of a Write-once type optical 
recording medium. When a record mark is formed by 
irradiating record light, the temperature of an area surround 
ing the record mark is also increased. If the antimony base 
thin ?lm has been insufficiently crystalliZed, the surrounding 
area Would increase its re?ectance during formation of the 
record mark. As a result, the Waveform of read signals is 
deformed, adversely affecting the jitter and causing more 
errors. In contrast, if the antimony base thin ?lm has been 
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fully crystallized With a substantially saturated re?ectance. 
No further increase of the re?ectance of the record mark 
surrounding area occurs. 

[0114] It is noted that the establishment of the ultimate gas 
pressure in the above-de?ned range is advantageous espe 
cially in the ?rst embodiment. 

[0115] Where the antimony base thin ?lm and the reactive 
thin ?lm are formed in a common sputtering chamber, the 
establishment of the ultimate gas pressure in the above 
de?ned range may be folloWed by successive formation of 
both the thin ?lms. When the antimony base thin ?lm is 
formed again subsequent to the reactive thin ?lm, it is 
unnecessary to evacuate the chamber again to the ultimate 
pressure after the reactive thin ?lm is formed. 

[0116] When the antimony base thin ?lm is insuf?ciently 
crystalline oWing to the insuf?cient evacuation prior to 
sputtering, a heat treatment of the recording layer can 
promote the crystalliZation of the antimony base thin ?lm. 
Therefore, a heat treatment may be carried out if necessary 
to promote crystalliZation. The heat treatment is preferably 
at a temperature of 60 to 120° C. A loWer heat treatment 
temperature requires a longer time for crystalliZation 
Whereas a higher heat treatment temperature can damage the 
substrate if it is a resin substrate such as polycarbonate. The 
heat treatment may be continued until the increase of 
re?ectance is saturated. The heat treatment time is not 
limited in this sense, but is usually less than 1 hour in vieW 
of production ef?ciency. 

[0117] The heat treatment is usually applied to only the 
Write-once type optical recording medium. Where the inven 
tion is applied to a reWritable (or erasable) optical recording 
medium, the insuf?cient crystalliZation of the antimony base 
thin ?lm can be solved by controlling the conditions of the 
mixing treatment. 

[0118] The heat treatment also becomes an index indicat 
ing the degree of crystalliZation of the antimony base thin 
?lm. If the re?ectance of the recording layer is increased by 
the heat treatment, it indicates the insuf?cient crystalliZation 
of the antimony base thin ?lm. If the re?ectance of the 
recording layer is not increased by the heat treatment, that is, 
if the re?ectance is saturated, it indicates that the antimony 
base thin ?lm has suf?ciently crystalliZed. It is noted that if 
the re?ectance prior to the heat treatment is more than 95% 
of the re?ectance subsequent to the heat treatment, the 
recording layer is regarded to have practically satisfactory 
characteristics and thus usable Without the heat treatment. 

[0119] Mixing treatment and reWriting 

[0120] On the optical recording medium of the invention, 
the mixing treatment and reWriting are performed in the 
above-mentioned manner. The recording poWer may be 
applied in pulses. If one signal is recorded by at least tWo 
divided portions of irradiation, the heat accumulation in the 
record mark is suppressed. Then the dilation of the trailing 
edge of the record mark (knoWn as a teardrop phenomenon) 
can be prevented, leading to an improved C/N. The pulse 
irradiation also improves the rate of erasure. The values of 
recording poWer and erasing poWer can be determined 
Without undue experimentation. The reading laser beam 
should be of a loW poWer so that the crystalline state of the 
recording layer may not be affected thereby. 
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[0121] When the optical recording medium of the inven 
tion is recorded, the linear velocity of the recording layer 
relative to the laser beam is generally 0.8 to 20 m/s, 
preferably 1.2 to 16 m/s. The reWritable optimum linear 
velocity can be controlled by changing the antimony content 
of the recording layer in the ?rst embodiment and by 
changing the tellurium content of the recording layer in the 
second embodiment. More particularly, the reWritable opti 
mum linear velocity can be increased by increasing the 
antimony content of the recording layer in the ?rst embodi 
ment and by increasing the tellurium content of the record 
ing layer in the second embodiment. 

[0122] The light for use in the mixing treatment, reWriting 
and reading of the optical recording medium of the invention 
may be selected in a Wide Wavelength range of, for example, 
100 to 5,000 nm. 

[0123] Medium structure 

[0124] Referring to FIG. 1, there is illustrated one pre 
ferred con?guration of the optical recording medium accord 
ing to the present invention. The optical recording medium 
1 has a loWer dielectric layer 3, a recording layer 4, an upper 
dielectric layer 5, a re?ective layer 6, and a protective layer 
7 on a substrate 2. The recording layer 4 is of a tWo-ply 
structure. 

[0125] Since the optical recording medium is adapted to 
be recorded and read by directing a light beam to the 
recording layer 4 through the substrate 2, the substrate 2 is 
preferably formed of a material substantially transparent to 
such a light beam, for example, resins and glass. For ease of 
handling and loW cost, resins are preferred substrate mate 
rials. A choice may be made among various resins such as 
acrylic resins, polycarbonate, epoxy resins and polyole?ns. 
The shape and dimensions of the substrate are not critical 
although it is generally of disc shape having a diameter of 
about 50 to 360 mm and a thickness of about 0.5 to 3 mm. 
The substrate surface may be provided With a predetermined 
pattern of grooves for tracking and addressing purposes. 

[0126] The loWer dielectric layer 3 plays the role of 
preventing oxidation of the recording layer 4 and protecting 
the substrate by shutting off the heat Which can otherWise 
conduct from the recording layer to the substrate upon 
recording. The upper dielectric layer 5 plays the role of 
protecting the recording layer and helps the heat remaining 
in the recording layer after completion of recording release 
through heat transfer. Further the provision of both the 
dielectric layers is effective for improving a degree of 
modulation. The loWer and upper dielectric layers 3 and 5 
are made of any desired dielectric material, for example, 
silicon oxide such as SiO2, silicon nitride such as Si3N4, Zinc 
sul?de such as ZnS, mixtures thereof, various transparent 
ceramics and various species of glass. Also useful are 
so-called LaSiON materials containing La, Si, O, and N, 
so-called SiAlON materials containing Si, Al, O, and N, 
SiAlON containing yttrium, etc. Preferred among these are 
those materials having a refractive index of at least 1.4, 
especially at least 1.8 in the Wavelength range of 400 to 850 
nm. This Wavelength range covers 780 nm Which is the 
Wavelength used in current CD players and 630-680 nm 
Which is a candidate Wavelength of the next generation 
recording technology and represents the range over Which 
the optical recording medium of the invention is advanta 
geously operated. Preferred examples of the dielectric mate 
rial are Si3N4, a mixture of ZnS and SiO2, a mixture of ZnS 
and Si3N4, and a mixture of ZnS and Ta2O5. 
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[0127] The lower dielectric layer 3 is preferably about 500 
to 3,000 A thick, more preferably 1,000 to 2,500 A thick. 
Within this thickness range, the loWer dielectric layer is 
effective for preventing any damage to the substrate upon 
recording and higher modulation is available. The upper 
dielectric layer 5 is preferably about 100 to 300 A, more 
preferably about 150 to 200 A thick. This thickness range 
ensures a fast cooling rate and thus permits to de?ne a record 
mark With a clear edge, resulting in reduced jitter. Also 
higher modulation is available. Each of the upper and loWer 
dielectric layers 3 and 5 may be formed of tWo or more 
dielectric laminae of different compositions as Will be 
described later. The dielectric layers are preferably formed 
by gas phase groWth methods such as sputtering and evapo 
ration. 

[0128] The re?ective layer 6 may be formed of any desired 
material, typically high re?ectance metals, for example, Al, 
Au, Ag, Pt, and Cu alone or alloys containing at least one of 
these metals. The re?ecting layer is preferably about 300 to 
2,000 A thick. Re?ectance Would be short With a thickness 
beloW this range. A thickness beyond this range Would 
provide no further improvement in re?ectance and add to the 
cost. The re?ecting layer is preferably formed by gas phase 
groWth methods such as sputtering and evaporation. 

[0129] The protective layer 7 is provided for improving 
scratch resistance and corrosion resistance. Preferably the 
protective layer is formed of organic materials, typically 
radiation curable compounds or compositions thereof Which 
are cured With radiation such as electron and UV radiation. 
The protective layer is generally about 0.1 to 100 pm thick 
and may be formed by conventional techniques such as spin 
coating, gravure coating, spray coating, and dipping. 

[0130] In another preferred embodiment of the invention 
Wherein the optical recording medium has a suf?ciently high 
re?ectance, the loWer dielectric layer includes at least one 
laminate consisting of tWo dielectric laminae having differ 
ent refractive indeXes. The dielectric laminae having a 
higher refractive indeX in the laminate is disposed adjacent 
to the substrate. 

[0131] FIG. 2 shoWs one preferred con?guration for this 
embodiment. The optical recording medium 1 is shoWn as 
having a high refractive indeX dielectric layer 31, a loW 
refractive indeX dielectric layer 32, a recording layer 4, an 
upper dielectric layer 5, a re?ective layer 6, and a protective 
layer 7 on a substrate 2. In this con?guration, increase by 
overWriting. The reason Why the construction of FIG. 5 is 
selected is described beloW. 

[0132] Since a phase change type optical recording 
medium generally utiliZes a difference of re?ectance 
betWeen crystalline and amorphous states, regions (in crys 
talline state) other than record marks of the recording layer 
and record marks (in amorphous state) have an absorption 
Ac and Aa, respectively, Which are often different. In most 
cases, Ac<Aa. Note that the absorption Ac or Aa is as 
measured at the Wavelength of a Write/read laser beam. 
Then, the recording sensitivity and the rate of erasure 
become different depending on Whether an overWritten spot 
has been crystalline or amorphous. As a consequence, the 
record mark formed by overWriting varies in length and 
breadth, and such variations lead to an increase of jitter 
Which may cause an error. Where mark edge recording of 
carrying information at either edge of a record mark is 
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employed for high density recording purposes, the in?uence 
of the variation in length of a record mark becomes signi? 
cant, resulting in more errors. This problem is solved by 
approaching Ac to Aa, preferably Ac/Aa§0.9, more prefer 
ably Ac=Aa. Ac>Aa is further desirable When the in?uence 
of latent heat is taken into account. Such a relationship may 
be accomplished betWeen Ac and Aa by controlling the 
thickness of the recording layer and the thickness of dielec 
tric layers sandWiching the recording layer. In a medium of 
the ordinary structure, hoWever, if Ac/Aa§0.9, then the 
difference betWeen the re?ectance Rc from the medium at 
regions other than record marks and the re?ectance Ra from 
the medium at record marks becomes undesirably smaller, 
resulting in a loWer C/N ratio. 

[0133] Under such circumstances, JP-A 124218/1996, for 
eXample, proposes an optical information recording medium 
comprising a ?rst dielectric layer, a recording layer, a second 
dielectric layer, a re?ective layer, a third dielectric layer, and 
a UV-cured resin layer stacked on a substrate in the 
described order Wherein Ac>Aa, the re?ective layer is a 
transmissive ultrathin metal ?lm of Si or Ge, and the third 
dielectric layer is of a dielectric material having an indeX of 
refraction of at least 1.5. By providing the light transmissive 
re?ective layer and the third dielectric layer having a high 
indeX of refraction, it is possible to control Ac/Aa to fall in 
the above-mentioned range While maintaining a satisfactory 
re?ectance difference (Rc-Ra). 
[0134] It is noted that Ac and Aa are calculated from the 
optical constant of each layer and the Wavelength of a 
Write/read laser beam. 

[0135] The optical recording medium of FIG. 5 is a 
one-side recording medium comprising a re?ective layer 6 
Which is of the same construction as the re?ective layer 
described in JP-A 124218/1996 and an uppermost dielectric 
layer 8 betWeen the re?ective layer 6 and a protective layer 
7. Note that the substrate 2, loWer dielectric layer 3, record 
ing layer 4, upper dielectric layer 5, and protective layer 7 
are the same as in the optical recording medium of FIG. 1. 
Although one-side recording media are illustrated in FIGS. 
1, 2, and 5, it is acceptable that tWo such media be joined to 
form a double-side recording medium and that a protective 
support be joined to a one-side recording medium. 

[0136] In FIG. 5, the re?ective layer 6 is preferably 
constructed as a ultrathin metal layer having a high light 
transmittance or a layer of Si or Ge having high transmit 
tance in the near-infrared to infrared spectrum encompassing 
the Write/read Wavelength. The thickness of the re?ective 
layer may be properly determined such that the difference in 
absorption betWeen regions other than record marks of the 
recording layer and record marks may be corrected. Since 
the preferred thickness range of the re?ective layer largely 
varies With the composition thereof, the thickness may be 
properly determined in accordance With a particular com 
position. For eXample, When metals such as Au are used, the 
re?ective layer preferably hasoa thickness of less than 400 A, 
more preferably 100 to 300 A. When Si or Ge is used, the 
re?ective layer preferably hasoa thickness of less than 800 A, 
more preferably 400 to 700 A. If the re?ective layer is too 
thin, C/N Would loWer. If the re?ective layer is too thick, the 
absorption correcting effect Would become insuf?cient. 
[0137] Where the re?ective layer is constructed of a metal, 
gold (Au) and gold alloys are preferred. The gold alloys are 
gold base alloys containing at least one of Al, Cr, Cu, Ge, 
Co, Ni, Mo, Ag, Pt, Pd, Ta, Ti, Bi, and Sb. The re?ective 
layer is preferably formed by a vapor phase groWth method 
such as sputtering and evaporation. 
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[0138] The uppermost dielectric layer 8 Which is option 
ally disposed on the re?ective layer 6 is preferably con 
structed of a material having a higher index of refraction 
than the protective layer 7. By providing such an uppermost 
dielectric layer, it is possible as in JP-A 124218/1996 to 
increase Ac/Aa While maintaining a satisfactory re?ectance 
difference betWeen record marks and other regions. The 
material of Which the uppermost dielectric layer is formed 
may be selected from the dielectric materials previously 
mentioned for the loWer and upper dielectric layers. 

[0139] The uppermost dielectric layer preferably has a 

thickness of 300 to 1,200 A, more preferably 400 to 900 If the uppermost dielectric layer is too thin, signal outputs 

Would become loWer. If the uppermost dielectric layer is too 
thick, there Would occur a cross-erasure phenomenon that 
signals in adjacent tracks are erased. 

[0140] In the above-mentioned construction having con 
trolled Ac and Aa, the transmittance of the medium mea 
sured When a Write/read laser beam is irradiated from beloW 
the transparent substrate, that is, the ratio of transmitted light 
to incident light is preferably at least 1%, more preferably at 
least 3%. The term “transmittance” is measured When only 
inorganic layers are present on a transparent substrate. That 
is, the protective layer 7 is removed from the structure 
shoWn in FIG. 5. By the term is meant a transmittance 
resulting from multiple re?ection among inorganic layers 
including the recording layer, dielectric layers and re?ective 
layer. When a transmittance of at least 1% is available, the 
ratio of Ac to Aa increases so that it may become easy to 
control the Ac/Aa ratio to fall Within the above-de?ned 
range. 

[0141] It is noted that the transmittance is measured by a 
spectrophotometer. The region Where measurement is made 
is not particularly limited. Measurement may be made in 
either a crystalline region or an amorphous region. Typically, 
measurement is made in a crystalline region (mirror portion) 
Where no grooves are present. 

EXAMPLE 

[0142] Examples of the present invention are given beloW 
by Way of illustration and not by Way of limitation. 

Example 1 

[0143] In—Ag—Te—Sb system (Sb thin ?lmQreactive 
thin ?lm) 

[0144] An optical recording disc as shoWn in FIG. 1 Was 
prepared by injection molding polycarbonate into a disc 
shaped substrate 2 having a diameter of 120 mm and a 
thickness of 0.6 mm. A groove Was formed in one major 
surface of the substrate simultaneous With injection mold 
ing. The groove had a Width of 0.74 pm, a depth of 650 A, 
and a pitch of 1.48 pm. On the grooved surface of the 
substrate, there Were formed a loWer dielectric layer 3, a 
recording layer 4, an upper dielectric layer 5, a re?ective 
layer 6, and a protective layer 7. 

[0145] The loWer dielectric layer 3 Was formed by sput 
tering a target of ZnS and SiO2. The value of SiO2/(ZnS+ 
SiO2) Was 15 mol %. The loWer dielectric layer had a 
refractive index of 2.33 at Wavelength 780 nm and a 
thickness of 2,000 
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[0146] Next, a vacuum chamber of a sputtering apparatus 
Was evacuated to a vacuum of 0.04><10_2 Pa and then 
charged With argon gas to a pressure to 5x10“1 Pa. By a 
sputtering technique, an antimony base thin ?lm (Sb 100%) 
of 90 A thick Was deposited and sequentially, a reactive thin 
?lm ((AgO_25InO_25TeO_5)O_7SbO_3) of 80 A deposited, com 
pleting the recording layer 4. The composition of the reac 
tive thin ?lm Was analyZed by ICP. It is noted that in 
Examples set forth herein, the composition of all recording 
layers is represented by an atomic ratio. 

[0147] The recording layer Was examined for crystallinity 
by electron beam diffratometry to ?nd that the antimony thin 
?lm had crystalliZed While the reactive thin ?lm Was amor 
phous. An electron beam diffraction image of this recording 
layer is similar to the vieW of FIG. 3 Which is an electron 
beam diffraction image of a recording layer consisting of an 
antimony thin ?lm (Sb 100%) of 120 A thick and a reactive 
thin ?lm (AgO_25InO_2Te0_55) of 50 A thick. The presence of 
Sb crystals is evident from FIG. 3. FIG. 4 is a photograph 
under a transmission electron microscope of the surface of 
the same recording layer as analyZed in FIG. 3. In the 
photograph of FIG. 4, a high brightness region indicates the 
antimony thin ?lm and a loW brightness region indicates the 
reactive thin ?lm. It is seen that the reactive thin ?lm is not 
a continuous ?lm, but island-like. The antimony thin ?lm is 
a continuous ?lm. 

[0148] The upper dielectric layer 5 Was formed by the 
same procedure as the loWer dielectric layer 3. The upper 
dielectric layer had a thickness of 200 The re?ecting layer 
6 Was formed by sputtering a target of Au to a thickness of 
1,500 The protective layer 7 Was formed by applying a 
UV curable resin by spin coating and exposing it to UV for 
curing. The protective layer as cured had a thickness of 5 
pm. 

[0149] The thus prepared phase change type optical 
recording disc Was designated sample 1A. 

[0150] For comparison purposes, a sample 1B Was pre 
pared as Was sample 1A except that a recording layer of a 
single-ply structure Was formed using an alloy target. The 
recording layer of sample 1B had the same thickness as the 
combined thickness of the antimony thin ?lm and the 
reactive thin ?lm of sample 1A. The composition of the 
recording layer of sample 1B Was a combination of the 
antimony thin ?lm and the reactive thin ?lm of sample 1A. 

[0151] Sample 1Ahad a re?ectance of 15% and sample 1B 
had a re?ectance of 6%. In all Examples, the re?ectance Was 
determined by directing light of 680 nm in Wavelength from 
the substrate side and converting an RF signal output of a 
disc tester. 

[0152] While sample 1B Was being rotated at a linear 
velocity of 3 m/s, the sample Was irradiated With a laser 
beam at a poWer of 8 mW for initialiZing or crystalliZing the 
recording layer. The laser beam used in Examples had a 
Wavelength of 680 nm. After the initialiZation, the re?ec 
tance increased to 20%. Also after the initialiZation, the 
reWritable optimum linear velocity Was measured to be 6 
m/s. 

[0153] Next, While sample 1A Was being rotated at a 
higher linear velocity of 8 m/s (about 2.7 times the linear 
velocity for initialiZation) than the reWritable optimum lin 
ear velocity, the sample Was irradiated With a laser beam at 



US 2001/0031332 A1 

a power of 8 mW. After the laser beam irradiation, the 
re?ectance decreased to 10%, indicating that the antimony 
thin ?lm and the reactive thin ?lm Were mixed With each 
other. 

[0154] Next, the samples Were compared for record/erase 
characteristics. 

[0155] While each sample Was being rotated at the reWrit 
able optimum linear velocity of sample 1B, a 1-7 modulated 
signal Was recorded With a recording poWer of 10 mW and 
an erasing poWer of 5 mW. With respect to the re?ectance 
after the recording, both the samples had a re?ectance of 
20% in the crystalline region Where the erasing poWer Was 
applied and 8% in the amorphous region Which Was the 
record mark. The C/N of a 7T (249.48 ns) signal Was 55 dB 
for both the samples, indicating a satisfactory signal inten 
sity. HoWever, the rate of erasure of sample 1B remained 
unstable until the 5th overWriting. Speci?cally, the rate of 
erasure of sample 1B improved from —22 dB at the 1st 
overWriting to —28 dB at the 6th overWriting. After the 6th 
overWriting, the rate of erasure stabiliZed approximately at 
—28 dB. After about 10,000 overWriting operations, the rate 
of erasure exceeded —25 dB and reWriting became dif?cult. 
In contrast, sample 1A shoWed a stable rate of erasure of —30 
dB from the 1st overWriting to about the 100,000th over 
Writing. 
[0156] It is evident from the results of this Example that 
the time required for the mixing treatment of the antimony 
thin ?lm and the reactive thin ?lm in the present invention 
is extremely shorter than the time required for initialiZation 
in the prior art. The invention provides at least equivalent 
record/retrieval characteristics to the prior art and especially, 
is successful in improving the number of overWritable 
operations by a factor of about 10. 

Example 2 

[0157] In—Ag—Te—Sb system (reactive thin ?lm—>Sb 
thin ?lm) 

[0158] Asample 2 Was prepared by the same procedure as 
sample 1A in Example 1 except that formation of the 
reactive thin ?lm Was folloWed by formation of the anti 
mony thin ?lm. The ultimate gas pressure of the vacuum 
chamber in the recording layer forming step Was the same as 
in Example 1. Sample 2 had a re?ectance of 13%. Electron 
beam diffractometry analysis shoWed that the antimony thin 
?lm Was crystalline While the reactive thin ?lm Was amor 
phous. 
[0159] Sample 2 Was subjected to mixing of the antimony 
thin ?lm and the reactive thin ?lm as in sample 1A. After the 
laser beam irradiation, the re?ectance decreased to 10% as 
in sample 1A, indicating full intermixing. 

[0160] Sample 2 Was examined for record/erase charac 
teristics as in sample 1A. The re?ectance after recording and 
the C/N of a 7T (249.48 ns) signal Were the same as in 
sample 1A. Like sample 1A, sample 2 shoWed a stable rate 
of erasure of —30 dB from the 1st overWriting to about the 
100,000th overWriting. 

Example 3 

[0161] In—Ag—Te—Sb system (V added) 
[0162] Asample 3 Was prepared by the same procedure as 
sample 1A in Example 1 except that the composition of the 
antimony thin ?lm Was changed to SbggVl. The ultimate gas 
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pressure of the vacuum chamber in the recording layer 
forming step Was the same as in Example 1. Sample 3 had 
a re?ectance of 15%. Electron beam diffractometry analysis 
shoWed that the antimony base thin ?lm Was crystalline. 

[0163] Sample 3 Was subjected to mixing of the antimony 
base thin ?lm and the reactive thin ?lm as in sample 1A. 
After the laser beam irradiation, the re?ectance decreased to 
13%. 

[0164] Next, sample 3 Was examined for record/erase 
characteristics as in sample 1A except that the recording 
poWer Was slightly increased to 12 mW. Sample 3 had a 
re?ectance of 20% in the crystalline region Where the 
erasing poWer Was applied, Which Was equal to sample 1A, 
and 6% in the amorphous region or the record mark, Which 
Was loWer than sample 1A. The C/N of a 7T (249.48 ns) 
signal Was 58 dB, Which Was higher than sample 1A, 
indicating an improvement in signal intensity. Sample 3 
shoWed a stable rate of erasure of —30 dB from the 1st 
overWriting to about the 150,000th overWriting. The number 
of overWritable operations Was improved over sample 1A by 
a factor of about 1.5 and over sample 1B by a factor of about 
15. 

Example 4 

[0165] 
[0166] Asample 4 Was prepared by the same procedure as 
sample 1A in Example 1 except that the composition of the 
antimony thin ?lm Was changed to SbggTal. The ultimate 
gas pressure of the vacuum chamber in the recording layer 
forming step Was the same as in Example 1. Sample 4 had 
a re?ectance of 15%. Electron beam diffractometry analysis 
shoWed that the antimony base thin ?lm Was crystalline. 

In—Ag—Te—Sb system (Ta added) 

[0167] Sample 4 Was subjected to mixing of the antimony 
base thin ?lm and the reactive thin ?lm as in sample 2. After 
the laser beam irradiation, the re?ectance decreased to 9%. 

[0168] Next, sample 4 Was examined for record/erase 
characteristics as in sample 2 except that the recording 
poWer Was slightly increased to 12 mW. Sample 4 had a 
re?ectance of 22% in the crystalline region Where the 
erasing poWer Was applied and 10% in the amorphous region 
or the record mark, Which Were both slightly higher than 
sample 2. The C/N of a 7T (249.48 ns) signal Was 58 dB, 
Which Was higher than sample 2, indicating an improvement 
in signal intensity. Sample 4 shoWed a stable rate of erasure 
of —30 dB from the 1st overWriting to about the 130,000th 
overWriting. The number of overWritable operations Was 
improved over sample 2 by a factor of about 1.3 and over 
sample 1B by a factor of about 13. 

Example 5 

[0169] 
[0170] Asample 5 Was prepared by the same procedure as 
sample 1A in Example 1 except that a recording layer of a 
three-ply structure Was formed. The ultimate gas pressure of 
the vacuum chamber in the recording layer forming step Was 
the same as in Example 1. The recording layer Was formed 
in the order of a reactive thin ?lm, a Sb thin ?lm, and a 
reactive thin ?lm from the substrate side. The antimony thin 
?lm Was of the same composition as in sample 1A and had 
a thickness of 90 The reactive thin ?lms Were of the same 

In—Ag—Te—Sb system (three-ply structure) 
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composition as in sample 1A and had a thickness of 40 The total thickness of the recording layer Was then 170 A, 

equal to that in sample 1A. Sample 5 had a re?ectance of 
18%. Electron beam diffractometry analysis shoWed that the 
antimony thin ?lm Was crystalline While the reactive thin 
?lms Were amorphous. 

[0171] Sample 5 Was subjected to mixing of the antimony 
thin ?lm and the reactive thin ?lm as in sample 1A. After the 
laser beam irradiation, the re?ectance Was 15%. 

[0172] Next, sample 5 Was examined for record/erase 
characteristics as in sample 1A except that the recording 
poWer Was slightly increased to 12 mW. Sample 4 had a 
re?ectance of 25% in the crystalline region Where the 
erasing poWer Was applied, Which Was higher than sample 
1A, and 8% in the amorphous region or the record mark, 
Which Was equal to sample 1A. The C/N of a 7T (249.48 ns) 
signal Was 56 dB, Which Was higher than sample 1A, 
indicating an improvement in signal intensity. Sample 5 
shoWed a stable rate of erasure of —30 dB from the 1st 
overWriting to about the 200,000th overWriting. The number 
of overWritable operations Was improved over sample 1Aby 
a factor of about 2 and over sample 1B by a factor of about 
20. 

Example 6 

[0173] 
[0174] Asample 6 Was prepared by the same procedure as 
sample 1A in Example 1 except that an antimony thin ?lm 
(Sb 100%) of 80 A thick Was ?rst formed by sputtering and 
a reactive thin ?lm (AgO_25InO_25TeO_5) of 100 A thick Was 
formed by sputtering, completing the recording layer. The 
ultimate gas pressure of the vacuum chamber in the record 
ing layer forming step Was the same as in sample 1A. 
Sample 6 had a re?ectance of 20%. Electron beam diffrac 
tometry analysis shoWed that the antimony thin ?lm Was 
crystalline While the reactive thin ?lm Was amorphous. 

In—Ag—Te—Sb system (Write-once type) 

[0175] While sample 6 Was being rotated at a linear 
velocity of 6 m/s, a 1-7 modulated signal Was recorded With 
a recording poWer of 10 mW and Without an erasing poWer. 
Sample 6 had a re?ectance of 8% in the amorphous region 
Which Was the record mark. The C/N of a 7T (249.48 ns) 
signal Was 55 dB, indicating a satisfactory signal intensity. 

[0176] Alaser beam Was irradiated to the recorded sample 
6 at the same linear velocity of 6 m/s as in Writing, ?nding 
that the record mark could not be erased or crystalliZed 
Whether the poWer of laser beam is high or loW. To facilitate 
erasure, the linear velocity Was sloWed doWn to 1.2 m/s, 
Which is equal to the compact disc, but erasure Was still 
impossible. Erasure became possible When the linear veloc 
ity Was further sloWed doWn to 0.6 m/s. 

[0177] It is thus evident that according to the present 
invention, a phase change type optical recording medium 
Which is useful as the Write-once type can be established 
Without initialiZation. 

[0178] Comparison in terms of the ultimate gas pressure in 
the recording layer forming step 

[0179] Samples as reported in Table 1 Were prepared by 
the same procedure as sample 6 except that the ultimate gas 
pressure of the vacuum chamber in the recording layer 
forming step Was changed. The re?ectance of these samples 
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is shoWn in Table 1. Thereafter, the samples Were placed in 
a dry oven Where they Were heat treated at 80° C. The 
samples Were taken out of the oven, fully cooled, and 
measured for re?ectance again. In this Way, the time of heat 
treatment passed until the re?ectance Was saturated Was 
determined. The results are shoWn in Table 1. The results of 
sample 6 are also shoWn in Table 1. 

TABLE 1 

Ultimate Heat treatment time 
Sample gas pressure Re?ectance until re?ectance 
No. (><10’2 Pa) (%) is saturated 

6 0.04 20 — 

601 0.2 15 1 hour 
602 0.5 6 2 hours 
603 1.0 6 7 hours 

[0180] It is evident from Table 1 that When the ultimate 
gas pressure is higher than 0.5 x10“2 Pa, heat treatment must 
be continued for a long time until re?ectance is saturated. In 
contrast? When the ultimate gas pressure is loWer than 
0.5><10 Pa, especially loWer than 0.2><10_2 Pa, the heat 
treatment time required until re?ectance is saturated is short, 
Which is advantageous in mass manufacture. No heat treat 
ment is necessary in the case of sample 6 because re?ectance 
is already saturated at the end of its preparation. The 
saturated re?ectance of samples 601 to 603 Was equal to the 
re?ectance of sample 6. 

Example 7 

[0181] Te—Ge—Sb system (Sb thin ?lmQreactive thin 
?lm) 
[0182] A sample 7A Was prepared by the same procedure 
as sample 1A in Example 1 except that an antimony thin ?lm 
(Sb 100%) of 76 A thick Was ?rst formed by sputtering and 
a reactive thin ?lm (Ge2Te5) of 264 A thick Was formed by 
sputtering, completing the recording layer. The ultimate gas 
pressure of the vacuum chamber in the recording layer 
forming step Was the same as in Example 1. Electron beam 
diffractometry analysis of sample 7A shoWed that the anti 
mony thin ?lm Was crystalline While the reactive thin ?lm 
Was amorphous. 

[0183] For comparison purposes, a sample 7B Was pre 
pared as Was sample 7A except that a recording layer of a 
single-ply structure Was formed using an alloy target. The 
recording layer of sample 7B had the same thickness as the 
combined thickness of the antimony thin ?lm and the 
reactive thin ?lm of sample 7A. The composition of the 
recording layer of sample 7B Was a combination of the 
antimony thin ?lm and the reactive thin ?lm of sample 7A. 

[0184] Sample 7Ahad a re?ectance of 13% and sample 7B 
had a re?ectance of 4%. 

[0185] While sample 7B Was being rotated at a linear 
velocity of 3 m/s, the sample Was irradiated With a laser 
beam at a poWer of 8 mW for initialiZing or crystalliZing the 
recording layer. After the initialiZation, the re?ectance 
increased to 18%. Also after the initialiZation, the reWritable 
optimum linear velocity Was measured to be 6 m/s. 

[0186] Next, While sample 7A Was being rotated at a 
higher linear velocity of 8 m/s (about 2.7 times the linear 
velocity for initialiZation) than the reWritable optimum lin 
ear velocity of 6 m/s, the sample Was irradiated With a laser 
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beam at a power of 8 mW. After the laser beam irradiation, 
the re?ectance decreased to 8%, indicating that the antimony 
thin ?lm and the reactive thin ?lm Were mixed With each 
other. 

[0187] Next, the samples Were compared for record/erase 
characteristics. 

[0188] While each sample Was being rotated at the reWrit 
able optimum linear velocity of 6 m/s for sample 7B, a 1-7 
modulated signal Was recorded With a recording poWer of 10 
mW and an erasing poWer of 5 mW. With respect to the 
re?ectance after the recording, both the samples had a 
re?ectance of 18% in the crystalline region Where the 
erasing poWer Was applied and 5% in the amorphous region 
Which Was the record mark. The C/N of a 7T (249.48 ns) 
signal Was 55 dB for both the samples, indicating a satis 
factory signal intensity. HoWever, the rate of erasure of 
sample 7B remained unstable until the 10th overWriting. 
Speci?cally, the rate of erasure of sample 7B improved from 
—20 dB at the 1st overWriting to —28 dB at the 11th 
overWriting. After the 11th overWriting, the rate of erasure 
stabiliZed approximately at —28 dB. After about 4,000 
overWriting operations, the rate of erasure exceeded —25 dB 
and reWriting became dif?cult. In contrast, sample 7A 
shoWed a stable rate of erasure of —28 dB from the 1st 
overWriting to about the 10,000th overWriting. 

[0189] It is evident from the results of this Example that 
the same advantages as in Example 1 are obtained With a 
recording layer of a Te—Ge—Sb system. 

Example 8 

[0190] Te—Ge—Sb system (reactive thin ?lm—>Sb thin 
?lm) 
[0191] Asample 8 Was prepared by the same procedure as 
sample 7A in Example 7 except that formation of the 
reactive thin ?lm Was folloWed by formation of the anti 
mony thin ?lm. Sample 8 had a re?ectance of 11%. Electron 
beam diffractometry analysis shoWed that the antimony thin 
?lm Was crystalline While the reactive thin ?lm Was amor 
phous. 

[0192] Sample 8 Was subjected to mixing of the antimony 
thin ?lm and the reactive thin ?lm as in sample 7A. After the 
laser beam irradiation, the re?ectance decreased to 8% as in 
sample 7A. 

[0193] Sample 8 Was examined for record/erase charac 
teristics as in sample 7A. The re?ectance after recording and 
the C/N of a 7T (249.48 ns) signal Were the same as in 
sample 7A. Like sample 7A, sample 8 shoWed a stable rate 
of erasure of —28 dB from the 1st overWriting to about the 
10,000th overWriting. 

Comparative Example 

[0194] A comparative sample Was prepared by the same 
procedure as sample 1A in Example 1 except that a record 
ing layer of a four-ply structure Was formed. The recording 
layer Was formed in the order of a Sb thin ?lm, a reactive 
thin ?lm, a Sb thin ?lm, and a reactive thin ?lm from the 
substrate side. The antimony thin ?lms Were of the same 
composition as in sample 1A and had a thickness of 45 A. 
The reactive thin ?lms Were of the same composition as in 
sample 1A and had a thickness of 40 A.°The total thickness 
of the recording layer Was then 170 A, equal to that in 
sample 1A. Electron beam diffractometry analysis of the 
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comparative sample shoWed that the antimony thin ?lms 
Were amorphous While the reactive thin ?lms Were amor 
phous. 
[0195] The comparative sample had a very loW re?ectance 
of 4%. For the comparative sample, mixing of the antimony 
thin ?lm and the reactive thin ?lm Was performed as in 
sample 1A. After the laser beam irradiation, the re?ectance 
Was 5%. When reWriting laser beam Was irradiated after the 
mixing treatment, the region Where the erasing poWer Was 
applied Was not crystalliZed. Thus the comparative sample 
could not be used as a recording medium. 

[0196] Instead of the mixing treatment, the comparative 
sample Was subjected to initialiZation treatment under the 
same conditions as in sample 1B Whereby the re?ectance 
Was improved to 20%. 

[0197] It is evident from the results of Comparative 
Example that the advantages of the invention are not achiev 
able it the antimony base thin ?lm is too thin to crystalliZe. 

Example 9 

[0198] Structure of FIG. 5: In—Ag—Te—Sb system (Sb 
thin ?lmQreactive thin ?lm) 

[0199] An optical recording disc sample 9 of the structure 
shoWn in FIG. 5 Was prepared. 

[0200] The layers of sample 9 Were the same as in sample 
1A of Example 1 except that the loWer dielectricolayer 3 Was 
2,300 A thick, the antimony thin ?lm Was 85 A thick, the 
reactive thin ?lm Was 75 A thick, the re?ective layer 6 Was 
100 A thick, and the uppermost dielectric layer 8 Was of the 
same composition as the loWer dielectric layer and 500 A 
thick. 

[0201] Sample 9 shoWed an Ac/Aa ratio of 0.94 at the 
Wavelength 680 nm. While a laser beam of the Wavelength 
680 nm Was irradiated from beloW the substrate 2 to the 
structure With the protective layer 7 removed, a transmit 
tance in a mirror portion Was measured by a spectropho 
tometer. The transmittance Was 8.4%. 

[0202] Sample 9 had a re?ectance of 17%. After sample 9 
Was subjected to mixing of the antimony thin ?lm and the 
reactive thin ?lm as in sample 1A, record/erase character 
istics Were found to be the same as in sample 1A. 

[0203] The effectiveness of the invention is evident from 
the results of Examples. 

[0204] Japanese Patent Application No. 352298/1996 is 
incorporated herein by reference. 

[0205] Although some preferred embodiments have been 
described, many modi?cations and variations may be made 
thereto in the light of the above teachings. It is therefore to 
be understood that Within the scope of the appended claims, 
the invention may be practiced otherWise than as speci?cally 
described. 

1. An optical recording medium comprising on a trans 
parent substrate a recording layer consisting essentially of at 
least one antimony base thin ?lm and at least one reactive 
thin ?lm Wherein said antimony base thin ?lm and said 
reactive thin ?lm are disposed in close contact, said anti 
mony base thin ?lm is formed by depositing an Sb base 
material containing at least 95 at % of antimony to a 
thickness of at least 70 A, and said reactive thin ?lm is 
formed of a material Which forms a phase change recording 
material When mixed With antimony. 
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2. The optical recording medium of claim 1 wherein said 
antimony base thin ?lm is crystalline. 

3. The optical recording medium of claim 1 Wherein said 
reactive thin ?lm is formed by depositing a In—Ag—Te 
base material containing indium, silver, and tellurium as 
major components or indium, silver, tellurium, and anti 
mony as major components. 

4. The optical recording medium of claim 3 Wherein in the 
In—Ag—Te base material, the atomic ratio of indium, 
silver, tellurium, and antimony is represented by the for 
mula: 

Wherein letters X, y, and Z are in the range: 012x203, 
0.1§y§0.3, and 02220.5. 

5. The optical recording medium of claim 3 Wherein at 
least one of the Sb base material and the In—Ag—Te base 
material contains an element M selected from the group 
consisting of H, Si, C, V, W, Ta, Zn, Ti, Ce, Tb, and Y, the 
content of element M in the recording layer is less than 5 at 
%, and the content of element M in the Sb base material is 
less than 5 at %. 

6. The optical recording medium of claim 3 Wherein in the 
recording layer, the silver is partially replaced by gold. 

7. The optical recording medium of claim 3 Wherein in the 
recording layer, the antimony is partially replaced by bis 
muth. 

8. The optical recording medium of claim 3 Wherein in the 
recording layer, the tellurium is partially replaced by sele 
nium. 

9. The optical recording medium of claim 3 Wherein in the 
recording layer, the indium is partially replaced by alumi 
num or phosphorus or both. 

10. The optical recording medium of claim 1 Wherein the 
reactive thin ?lm is formed by depositing a Ge—Te base 
material containing germanium and tellurium as major com 
ponents or germanium, tellurium, and antimony as major 
components. 

11. The optical recording medium of claim 1 Wherein the 
number of interfaces betWeen the antimony base thin ?lm 
and the reactive thin ?lm in the recording layer is up to 20. 

12. The optical recording medium of claim 1 Wherein 
When a re?ectance is measured from the side of the trans 
parent substrate, the recording layer as prepared has a 
re?ectance R0, and the recording layer having undergone 
repetitive recording includes a crystalline portion having a 
re?ectance Rc and an amorphous portion having a minimum 
re?ectance Ra, Which are in the relationship: Ra<Ro§Rc. 
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13. The optical recording medium of claim 1 Wherein the 
recording layer includes a crystalline portion and an amor 
phous portion Which have an absorption Ac and Aa at the 
Wavelength of a Write/read laser beam, respectively, Wherein 
Ac/Aa§0.9. 

14. The optical recording medium of claim 1 Wherein a 
transmittance of at least 1% is measured When a Write/read 
laser beam is irradiated to the recording layer from beloW the 
transparent substrate. 

15. The optical recording medium of claim 1 Wherein the 
recording layer includes a crystalline portion and an amor 
phous portion Which have an absorption Ac and Aa at the 
Wavelength of a Write/read laser beam, respectively, Wherein 
Ac/Aa§0.9 and 

a transmittance of at least 1% is measured When a 
Write/read laser beam is irradiated to the recording 
layer from beloW the transparent substrate. 

16. The optical recording medium of claim 1 Wherein the 
recording layer is irradiated With a laser beam at a linear 
velocity Whereby the antimony base thin ?lm-forming mate 
rial and the reactive thin ?lm-forming material are miXed to 
form a record mark, and the laser beam irradiation at the 
linear velocity is insufficient to crystalliZe the record mark. 

17. A method for producing an optical recording medium 
according to claim 1, comprising the miXing step of con 
tinuously eXposing the recording layer to a laser beam to 
thereby miX the antimony base thin ?lm-forming material 
With the reactive thin ?lm-forming material. 

18. The method of claim 17 Wherein in the miXing step, 
the recording layer is irradiated With a laser beam at a linear 
velocity Vm Which is controlled relative to the linear veloc 
ity VW at Which the recording layer is irradiated With a laser 
beam during a reWriting step, so as to satisfy 0.2 VWéVm. 

19. The method of claim 18 Wherein the linear velocity 
Vm is controlled so as to satisfy VWéVm. 

20. A method for producing an optical recording medium 
according to claim 1, comprising the steps of 

evacuating a sputtering chamber to loWer than 05x10“2 
Pa, 

introducing a sputtering atmosphere gas into the chamber, 
and 

sputtering the Sb base material in the chamber to deposit 
the antimony base thin ?lm. 

21. A method for producing an optical recording medium 
according to claim 1, comprising the steps of 

forming the recording layer, and 
heat treating the recording layer at a temperature of 60 to 

120° C. 


