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[57] ABSTRACT 

An optical information recording medium is provided in 
Which the active layer is a phase change material capable of 
absorbing energy and being converted between a substan 
tially amorphous state and a substantially crystalline state. 
The active layer contains nitrogen, Which may be in the form 
of a nitride or nitrides of the constituent elements of the 
active layer, or may be a nitrided surface thereof. The 
inclusion of nitrogen inhibits localized shifting of the active 
material, Which leads to degradation of the recording/erase 
properties of the medium. The optical recording medium 
includes a substrate, onto Which is deposited in sequence a 
?rst dielectric layer, a nitrogen-containing active layer, a 
second dielectric layer, and a metallic re?ecting layer. The 
second dielectric layer is made thin, so that the cooling rate 
of the active layer is increased to form a more uniform 
amorphous state. 

19 Claims, 3 Drawing Sheets 
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OPTICAL RECORDING MEDIUM AND 
PRODUCTION PROCESS FOR THE 

MEDIUM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

The present invention relates to an optical information 
storage medium having a large memory capacity in which 
the temperature or an active recording layer is controllably 
elevated by optical irradiation, thereby using structural 
phase changes or atomic rearrangements in the active layer 
by which the information is either recorded or erased. 

BACKGROUND OF THE INVENTION 

Optical recording discs in the prior art include non 
erasable write-once systems which utilize as the active 
recording layer a TeOx (0<x<2.0) thin ?lm formed from Te 
and TeO2. Erasable discs have also been reported and are 
being developed for practical applications in which it is 
possible to repeatedly write and erase information by optical 
means. In such erasable optical discs, a thin ?lm layer of 
material is typically heated and melted by laser light, then 
rapidly cooled so that its structure is in a substantially 
non-crystalline or amorphous state, thereby recording infor 
mation which is indicated by the optical properties of the 
substantially non-crystalline or amorphous state. The 
recorded information can be subsequently erased by heating 
the active layer, and then slowly cooling it so that its atomic 
structure anneals and transforms into a substantially crys 
talline state, having different optical properties from that of 
the amorphous state, which indicate thereby an erased 
condition. 

Materials investigated as active layers for erasable discs 
which operate via a phase change mechanism involving an 
amorphous/crystalline transition include various combina 
tions of the chalcogen elements as exempli?ed by 
Ge15Te81Sb2S2. Such combinations have been studied by 
Ovshinsky et. al and Feinleib et al. (see Appl. Phys. Lett., 
vol. 18 (1971)). In addition, thin ?lm active layers consisting 
of combinations of a chalcogen element or elements with an 
element or elements chosen from Group V of the periodic 
table or an element or elements chosen from Group IV of the 

periodic table, e.g. Ge, As2S3, As2Se3 or SbZSe3 are known 
and have been studied in the prior art. 

It is possible to produce an optical disc having thin ?lm 
active layers on a substrate in which grooves are formed for 
the purpose of guiding the laser light. With respect to the 
utilization of such optical disc for the recording and erasing 
of information by laser light, the active layer is generally 
crystallized in advance, and a laser beam focused to a spot 
size of about 1 micron is intensity modulated between a peak 
power level and a lower bias power level with the recorded 
information. For example, a circular recording disk may be 
rotated and irradiated during rotation with pulses of laser 
light having a peak power suf?cient to increase the tem 
perature of the irradiated areas on the active layer above the 
melting point of the layer. If the irradiated areas are permit 
ted to cool rapidly, the information will be recorded by the 
formation of substantially non-crystalline or amorphous 
marks at the locations of the irradiated areas. 

Amorphous areas of the disc which are irradiated with the 
lower bias power level of the laser light can have the 
temperature in those areas elevated above the crystallization 
temperature of the active layer, in which case the active layer 
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2 
at those irradiated areas will be transformed back into a 
substantially crystalline structure, and the recorded infor 
mation will thereby be erased, making it possible to over 
write information. In this manner, areas on the active layer 
may be repeatedly cycled above the melting point thereof to 
produce recorded amorphous areas, or above the crystalli 
zation temperature thereof to produce crystalline erased 
areas, thereby effectuating the recording or overwriting of 
binary information. 

Typically, the active layer in an optical disc is sandwiched 
between dielectric layers which have excellent heat resis 
tance characteristics. These dielectric layers serve to contain 
the active layer and to protect a substrate and an adhesive 
layer from undergoing large changes in temperature during 
irradiation. Since the thermal behavior of the active layer, 
both as to it its ability to rapidly increase in temperature, as 
well as its rapid cooling and slow, cooling characteristics, 
depend on the thermal conductivity of these dielectric 
layers, it is possible to optimize the recording and erasing 
characteristics by properly choosing the materials of the 
dielectric layers and by carefully controlling the thickness 
and composition of these layers. 

Important design parameters which must be considered in 
developing and optimizing an erasable over-write optical 
recording medium are the erasability of the medium and the 
cyclability of the recording and erasing characteristics over 
many write/erase cycles. 
With regard to the cyclability characteristics, studies have 

shown that there is a deterioration after a large number of 
write/erase cycles which results from thermal damage to the 
disc substrate or protective layer and which is manifested as 
an increase in noise. Further, studies have also shown that 
even in the absence of such thermal damage, a shift or 
physical distortion of the active layer along the direction of 
rotation of the disc may occur after many write/erase cycles 
as a result of thermally induced stress and distortion of the 
protective dielectric layers induced by the repeated heating 
and cooling cycles (see SPIE Opitcal Data Storage Topical 
Meeting, vol. 1078, p.27, Ohta et al.). 
With regard to the erase characteristics, the melting point 

of non-crystalline ?lms containing Te typically covers a 
wide temperature range of 400° C. to 900° C. As explained 
above, crystallization may be achieved by irradiating the 
active layer with laser light to increase its temperature, 
followed by a gradual cooling. The required temperature is 
generally within a range close to the crystallization tem 
perature of the material, which is less that the melting point. 
When the crystallized ?lm is irradiated with laser light 
having a higher power and is heated above the melting point, 
the ?lm, upon rapid cool down, becomes substantially 
non-crystalline or amorphous, and an optically detectable 
mark is formed. 

If the amorphous state is selected to represent the 
recorded condition, it is known that a more rapid cooling 
results in a more uniform amorphous state and results in a 
mark which produces a better and more stable signal. (See 
“Phase Change Disk Media Having Rapid Cooling 
Structure”, Ohta et al., Jap. J. Appl. Phys. vol 28, 123 
(1989)). These studies have shown that when the rate of 
cooling is too low, there arises a difference in the degree of 
non-crystallinity between the center of the mark and the 
periphery of the mark. During erasure, the mark is recrys 
tallized. If the recorded mark is non-uniform in structure, the 
crystallization which occurs during subsequent erasure will 
be rendered non-uniform as well, resulting in a recording 
medium with less than optimum erasure characteristics. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
improved optical recording medium having an active record 
ing thin ?lm layer Which can be rendered substantially 
non-crystalline or amorphous upon absorption of laser light 
energy, Whereby a melting and rapid cooling of the active 
layer is produced, and Which can be rendered substantially 
crystalline by heating the amorphous layer above the crys 
talliZation temperature. 

It is a further object of the present invention to provide an 
erasable optical information recording medium With 
improved over-Write cyclability characteristics and 
improved laser poWer dependence characteristics. 

It is yet a further object of the present invention to provide 
an optical recording medium Which has improved thermal 
characteristics, and improved long term stability With 
respect to thermal stress and deterioration induced by many 
Write/erase cycles. 
A still further object of the present invention is to provide 

a process for manufacture of an erasable optical information 
recording medium having such improved characteristics. 

Accordingly, there is provided an optical recording 
medium having an active layer Which is capable of absorb 
ing energy and being converted betWeen a substantially 
non-crystalline amorphous state and a substantially crystal 
line state, Wherein the active layer includes nitrogen. The 
optical recording medium generally comprises a structure 
Which includes a substrate, a ?rst dielectric layer formed on 
one surface of the substrate, an active layer formed on top 
of the ?rst dielectric layer Wherein the active layer includes 
nitrogen, a second dielectric layer formed on top of the 
active layer, and a re?ecting layer formed on top of the 
second dielectric layer. The active layer may be formed by 
incorporation of nitrogen into a chalcogenide composition of 
Ge, Te, and Sb The nitrogen may be incorporated as a nitride 
of one of the chalcogen elements, or may form a nitrided 
surface layer on the chalcogen composition. The active layer 
may be produced by sputtering a target in a nitrogen 
containing rare gas mixture, or by sputtering a target Which 
includes a nitride composition. 

As explained, one of the factors Which contributes to the 
deterioration of the recording and erasing characteristics 
after many Write/erase cycles is a localiZed shift of the 
material in the active layer. To prevent or reduce the ten 
dency for this shift to occur, in the present invention, 
nitrogen or a nitride substance is incorporated in the active 
layer or on its surface. 

Furthermore, the optical recording medium Which incor 
porates this active recording layer sandWiches the recording 
layer betWeen a ?rst dielectric layer formed on one side of 
a transparent substrate, and a second dielectric layer. The 
second dielectric layer has a metallic re?ecting layer formed 
on the other side thereof. By making the ?lm thickness of the 
second dielectric layer thinner than that of the ?rst dielectric 
layer, the metallic re?ecting layer is thereby placed closer to 
the active recording layer, and is able to more rapidly 
dissipate the heat generated in the active layer by the laser 
light. This permits a rapid cool doWn to occur and a highly 
uniform amorphous mark to be produced. The high unifor 
mity of the amorphous mark is desirable for optimiZing the 
erase characteristics of the material. 

The above mentioned composition of the recording layer 
and overall structure of the optical recording medium there 
fore inhibits the melt shifting Which is knoWn to occur in 
recording layers having other compositions, and results in 
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4 
structure in Which the long term cyclability and stability of 
the record/erase characteristics and poWer dependency of the 
laser light is improved over the prior art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding the nature, features and advan 
tages of the present invention, reference should be made to 
the folloWing detailed description of various preferred, but 
nonetheless illustrative embodiments of the invention, as 
illustrated by and taken in conjunction With the accompa 
nying draWings Wherein: 

FIG. 1 is a cross sectional vieW Which shoWs the structure 
of an optical information recording medium in accordance 
With the ?rst and second embodiments of the invention. 

FIG. 2 is a cross sectional vieW Which shoWs the structure 
of an optical information recording medium in accordance 
With a third embodiment of the present invention. 

FIG. 3 is a cross sectional vieW Which shoWs the structure 
of an optical information recording medium in accordance 
With yet another embodiment of the present invention. 

FIG. 4 is a triangular composition diagram shoWing the 
preferred composition of the active layer of one embodiment 
of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference to FIG. 1, there is shoWn a cross sectional 
vieW of an optical recording medium Which includes a disc 
substrate 1 Which may be a resin substrate formed from 
poly-carbonate or other similar material. The disc substrate 
1 may have grooves preformed therein for guiding the laser 
light, Which is shoWn as incident on the disc in the direction 
of the arroW denoted by reference numeral 8. Alternatively 
disc substrate 1 may be a glass plate formed by the 2P 
process, a substrate prepared by directly forming grooves on 
a glass plate, or a substrate on Which bit roWs for guiding 
laser light have been preformed thereon. 
As shoWn in FIG. 1, a ?rst dielectric layer 2 of approxi 

mately 160 nm in thickness, Which may consist of a mixed 
?lm of ZnS and SiO2, is formed on top of disc substrate 1. 
The ?rst dielectric layer 2 has deposited thereon an active 
layer 3 having a thickness of approximately 20—30 nm, in 
Which nitrogen is incorporated into a composition of Te-Ge 
Sb. A second dielectric layer 4 covers the active, recording 
layer 3. The second dielectric layer 4 may be of the same 
composition as the ?rst dielectric layer 2, but has a thickness 
of only approximately 20 nm. Covering the top of the second 
dielectric layer 4 is a re?ecting layer 5 Which may be an Al 
alloy. Finally, to complete the structure, a protective plate 7 
is adhered to the top of the re?ective layer 5 by means of an 
adhesive layer 6. Protective plate 7 may be another disc, and 
in such case top and bottom surfaces of the optical recording 
medium are discs. 

In the structure shoWn in FIG. 1, the laser light for 
recording, erasing, and reproducing the information con 
tained therein is incident in the direction shoWn by arroW 8, 
and has an intensity Which is modulated With the informa 
tion. Detection of the recorded information may be per 
formed by detecting the re?ected light. 

To produce the tWo dielectric layers 2,4, the active layer 
3, and re?ecting layer 5, a vacuum deposition or embodi 
ment of the active layer 3, for example, a sputtering process 
may be used in Which sputtering is performed in a mixture 
of a rare gas such as argon and nitrogen gas. During such 
sputter deposition, the partial pressure of nitrogen in the gas 
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is an important process parameter Which determines the 
characteristics and quality of the active layer 3. During 
sputtering of the active layer 3, an appropriate range for the 
partial pressure of nitrogen is 1.0><10315 Torr to 10x10“4 
Torr. If the nitrogen partial pressure is less than approxi 
mately 10'5 Torr, then the effect of nitrogen during sputter 
ing becomes small, and consequently the improvement of 
the cyclability characteristics as a result of the inclusion of 
nitrogen in the Te-Ge-Sb active layer structure becomes 
small. On the other hand, if the partial pressure of nitrogen 
during sputtering is greater than about 10'4 Torr, the optical 
characteristics of the active layer 3, such as the refractive 
index are affected, and the basic recording and erasing 
characteristics of the active layer 3, such as the speed of 
crystalliZation and non-crystalliZation move aWay from their 
optimum range. Accordingly, the above-mentioned range for 
the partial pressure of nitrogen during sputter deposition is 
most appropriate. 

With respect to the ?rst dielectric layer 2 and the second 
dielectric layer 4, the mixing ratio of ZnS and SiO2 is 
generally selected so that the SiO, comprises 20 mol % of 
the overall composition. The composition need not, 
hoWever, be so limited. However, if the SiO2, is less than 
about 5 mol %, the effect of SiO2, on the mixture, i.e. to 
reduce the diameter of the crystal particles, is diminished. 
On the other hand, if the concentration of SiO2, is above 50 
mol %, then the properties of the ?lm degrade. Therefore, it 
is appropriate to keep the ratio of SiO2 in the range of 5 to 
40 mol %. 

The thickness of the second dielectric layer 4 is made as 
thin as about 20 nm, so that the re?ecting layer 5, Which also 
acts as a thermal dissipation layer, is placed closer to the 
active layer 3. Thus the heat from the active layer 3 
generated by the laser beam during recording and erasing 
may be rapidly conducted to the re?ecting layer 5, producing 
a rapid cooling of the active layer 3 Which results in a more 
uniform amorphous record mark. 

Experiments have been performed on the disc structure of 
the ?rst preferred embodiment of the invention as described 
above, in Which the over-Write characteristics of a signal of 
frequency f1=3.43 MHZ and a signal of frequency f2=1.25 
MHZ Were measured at an outer diameter of 130 mm, on a 

disc rotating at 1800 rpm, Which corresponds to a linear 
speed of 8 m/sec. The over-Write Was carried out by a 
method of simultaneously recording and erasing, in Which a 
substantially non-crystalline record mark Was formed by 
irradiation at a high laser poWer level or 16 mW, and then 
crystallized by irradiation at a loW laser poWer level of 8 mW, 
With a circular laser spot of about 1 micron in diameter. 

As a result of these measurements, a C/N ratio for the 
recorded signal of 55 db or greater Was obtained, With an 
erasability of greater than 30 db. With respect to repetitive 
cycling, the bit error rates Were measured, With no deterio 
ration observed for over one million cycles. 

As a second preferred embodiment, a recording layer is 
made of a chalcogen Which contains a nitride/nitrides of at 
least one element selected from Te, Ge, and Sb. The optical 
recording medium consists of a substrate, and a 4-layer 
structure having a ?rst dielectric layer, an active layer, a 
second dielectric layer, and a re?ecting layer, con?gured as 
generally shoWn in FIG. 1. In this second embodiment, the 
active layer 3 contains a nitride/nitrides or an oxide/oxides 
of at least one element selected from Ge, Te, and Sb, and has 
a ?lm thickness of about 20—30 nm. 

To form the structure of the second preferred 
embodiment, a sputter deposition process or an electron 
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6 
beam evaporation process may be used. For sputter 
deposition, it is possible to fabricate a sputter target Which 
contains a nitride/nitrides or Ge, Te, or Sb. With such target, 
it is possible to carry out the sputter deposition With only 
argon gas. It is also Possible to alloW the above 
mentioned nitride/nitrides to be contained in a deposition 
source for use in electron beam evaporation. 
The disc structure of this second preferred embodiment 

Was studied by investigating the over-Write characteristics 
using a signal of frequency f1=3.43 MHZ and a signal of 
frequency f2=1.25 MHZ applied at an outer diameter of 130 
mm to a disc rotating at 1800 rpm, Which corresponds to a 
linear speed of 8 m/sec. The over-Write Was carried out by 
a method of simultaneously recording and erasing, in Which 
a substantially non-crystalline record mark Was formed by 
irradiation at a high laser poWer level of 16 mW, and then 
crystalliZed by irradiation at a loW laser poWer level of 8 mW, 
With a circular laser spot of about 1 micron in diameter. 

As a result of these measurements, a C/N ratio for the 
recorded signal of 55 db or greater Was obtained, With an 
erasability of greater than 30 db. With respect to repetitive 
cycling, the measurement of bit error rates shoWed no 
deterioration after more than one million cycles. 
A third embodiment of the instant invention is noW 

explained With reference to FIG. 2, Wherein a disc substrate 
9 is shoWn Which may be a resin substrate on Which grooves 
for guiding the laser light are preformed, a glass plate 
formed by the 2P process, a substrate prepared by directly 
forming grooves on a glass plate, or a substrate on Which bit 
roWs for guiding the laser light are provided thereon. Depos 
ited on disc substrate 9 is a ?rst dielectric layer 10, Which 
may consist of a mixed ?lm of ZnS and SiO2. An active layer 
11 is then deposited on top of the ?rst dielectric layer 10. The 
active layer 11 is prepared by alloWing a component con 
sisting of a Te-Ge-Sb composition to be dispersed in a 
matrix of a nitride/nitrides or an oxide/oxides of at least one 
element chosen from Te, Ge and Sb. The ?lm thickness of 
active layer 11 is in the range of approximately 20—120 nm. 
Covering the active layer 11 is a second dielectric layer 12, 
made from the same material as the ?rst dielectric layer 10, 
Which is deposited to a thickness of about 20 nm. A 
re?ecting layer 13 of Al alloy covers the thin second 
dielectric layer 12. Aprotective plate 15 is adhered to the top 
of the structure by an adhesive layer 14. 

In this third embodiment, the light absorption coef?cient 
and ?lm thickness of the active layer 11 are chosen in such 
a manner that in comparison With the ?rst and second 
embodiments described above, the light absorption coef? 
cient is small, and the ?lm thickness of the recording layer 
11 is thicker. When subjected to similar test conditions as 
described With respect to the ?rst and second embodiments, 
the C/N ratio of the recorded signal Was found to be 55 db 
or greater, With an erasability of 30 db or greater. As to the 
effects of repeated Write/erase cycling of the medium, the bit 
error rates Were measured, and no deterioration Was 
observed for more than one million cycles. 

Afourth embodiment of the invention is shoWn in FIG. 3. 
As shoWn therein, the optical recording medium may con 
tain a disc substrate 16, Which may be a resin substrate 
formed from poly-carbonate or other similar materials. Disc 
substrate 16 may have grooves preformed therein for guid 
ing the laser light, shoWn as being incident in the direction 
of the arroW denoted by reference numeral 25. Alternatively, 
disc substrate 16 may be a glass plate formed by the 2P 
process, a substrate prepared by directly forming grooves on 
a glass plate, or a substrate on Which bit roWs for guiding 
laser light have been preformed thereon. 
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A ?rst dielectric layer 17, Which consists of a mixed ?lm 
of Zn and SiO2 having a ?lm thickness of approximately 160 
nm is deposited on top of the disc substrate 16. The next 
layer is an active layer 18, Which has a Te-Ge-Sb ternary 
alloy composition as a component thereof, and a nitride/ 
nitrides of at least one of the elements Ge, Te, or Sb, or an 
adsorption surface layer 20 of nitrogen provided on at least 
one surface of the active layer 18. A second dielectric layer 
21, made from the same material as the ?rst dielectric layer 
17, and having a thickness of 20 nm covers the active layer 
18. A re?ecting layer 22 of Al alloy, having a thickness of 
about 120 nm covers the second dielectric layer 21. To 
complete the structure, a protective plate 24 is adhered to the 
re?ecting layer 22 by an adhesive material layer 23. 

Experimental measurements performed on this structure, 
using the parameters described above With respect to the 
aforementioned embodiments, resulted in a C/N ratio for the 
recorded signal of 55 db or greater, and an erasability of 30 
db or greater. Further, no deterioration Was found in the 
Write/erase characteristics after more than one million Write/ 
erase cycles. 

In a preferred embodiment of this invention, an active 
recording layer is made from a material Which incorporates 
nitrogen in a Ge, Te and Sb composition. It is especially 
effective to incorporate nitrogen in a composition range 
shoWn in the triangle diagram of FIG. 4, Which represents 
the compositions of the ternary alloy system GeTe-Sb2Te3 
Sb. With such a composition, it is possible to obtain stable 
characteristics above one million cycles by appropriately 
selecting the laser poWer for recording and erasing. 
Furthermore, in addition to obtaining improved stability 
characteristics beyond one million Write/erase cycles over a 
Wide range of laser poWer, it is also possible to improve the 
recording sensitivity of the active layer by permitting the 
layer to contain nitrogen or by alloWing it to contain a 
nitride/nitrides of at least one element of Ge, Te and Sb. If 
b=Sb/Sb2Te3 (denoting the mole ratio of these tWo 
constituents), then an especially effective composition range 
for the active recording layer is 0<b<1.0. If b is too small, 
then the effect of the Te component may become excessive, 
and render the active layer poor With respect to oxidation 
resistance. On the other hand, if b>1.0, then the speed of 
erasure is reduced. Furthermore, if g=GeTe/Sb2Te3 (mole 
ratio), then the composition range of 0.5<g<3.0 is prefer 
able. If g is 0.5 or less, the thermal resistance stability is 
reduced, Whereas if g is 3.0 or greater, the sensitivity of the 
recording layer is reduced, even though the thermal stability 
remains good. 

For the preparation of these layers, a vacuum deposition 
process or a sputter process may generally be utiliZed. When 
sputtering is used to prepare this embodiment of the 
invention, the sputtering may be performed in a mixture of 
a rare gas such as argon and nitrogen gas. As explained 
above, during sputter deposition, the partial pressure of 
nitrogen in the gas is an important process parameter Which 
determines the characteristics and quality of the active layer. 
During sputtering of the active layer, an appropriate range 
for the partial pressure of nitrogen is 10x10“5 Torr to 1.0“4 
Torr. If the nitrogen partial pressure is less than approxi 
mately 10'5 Torr, then the effect of nitrogen during sputter 
ing becomes small, and consequently the improvement of 
the repeatability characteristics as a result of the inclusion of 
nitrogen in the Te-Ge-Sb active layer structure becomes 
small. On the other hand, if the partial pressure of nitrogen 
during sputtering is greater than about 10'4 Torr, the optical 
characteristics of the active layer, such as the refractive 
index is affected, and the basic recording and erasing char 
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8 
acteristics of the active layer 18, such as the rate of crys 
talliZation and non-crystallization, may be adversely 
affected. Accordingly, the above-mentioned range for the 
partial pressure of nitrogen during sputter deposition is 
optimum. 

Experiments have been performed on the disc structure of 
this preferred embodiment of the invention, in Which the 
over-Write characteristics of a signal of frequency f1=3.43 
MHZ and a signal of frequency f2=1.25 MHZ Were measured 
at an outer diameter of 130 mm, on a disc rotating at 1800 
rpm, Which corresponds to a linear speed of 8 m/sec. The 
over-Write Was carried out by a method of simultaneously 
recording and erasing, in Which a substantially amorphous 
record mark Was formed by irradiation at a high laser poWer 
level of 16 mW, and then crystallized by irradiation at a loW 
laser poWer level of 8 mW, With a circular laser spot of about 
1 micron in diameter. 
As a result of these measurements, a C/N ratio for the 

recorded signal of 55 db or greater Was obtained, With an 
over-Write erasability of 30 db or greater. With respect to 
repetitive cycling, the characteristics of bit error rates Were 
measured, With no deterioration observed for over one 
million cycles. 

Although the invention disclosed herein as been described 
With reference to particular embodiments, it is to be under 
stood that these embodiments are merely illustrative of the 
different aspects and features of the invention. As such, 
persons skilled in the art may make numerous modi?cations 
to the illustrative embodiments described herein, and other 
arrangement may be devised to implement the disclosed 
invention Which Will fall Within the spirit and scope of the 
invention described and claimed herein. 
We claim: 
1. An optical recording medium having a recording layer 

capable of absorbing energy and being converted between a 
substantially non-crystalline state and a substantially crys 
talline state, Wherein said recording layer comprises a ter 
nary alloy of Te-Ge-Sb and at least one nitride or Te, Ge, or 
Sb. 

2. An optical recording medium comprising: 
a) a substrate; 
b) a ?rst dielectric layer formed on one surface of said 

substrate; 
c) a recording layer formed on said ?rst dielectric layer, 

said recording layer capable of absorbing energy and 
being converted between a substantially non-crystalline 
state and a substantially crystalline state, Wherein said 
recording layer includes a ternary alloy of Te-Ge-Sb 
and at least one nitride of Te, Ge, or Sb; 

d) a second dielectric layer formed on said recording layer 
having a thickness substantially less than the thickness 
of said ?rst dielectric layer; and 

e) a re?ecting layer formed on said second dielectric layer. 
3. An optical recording medium in accordance With claim 

2, Wherein said second dielectric layer has a thickness of 30 
nm or less. 

4. An optical recording medium in accordance With claim 
2, Wherein said ?rst and second dielectric layers comprise a 
mixture of ZnS and SiO2 in Which SiO2 is n a concentration 
range of 5—40 mol %. 

5. An optical recording medium comprising a recording 
layer Which includes a ternary alloy or Te-Ge-Sb and at least 
one nitride of Te, Ge or Sb. 

6. An optical recording medium comprising: 
a) a substrate; 
b) a ?rst dielectric layer formed on one surface of said 

substrate; 
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c) a recording layer formed on said ?rst dielectric layer, 
said recording layer capable of absorbing energy and 
being converted between a substantially non-crystalline 
state and a substantially crystalline state, Wherein said 
recording layer includes a ternary alloy or Ge-Te-Sb 
and germanium nitride; 

d) a second dielectric layer formed on said recording layer 
having a thickness substantially less than the thickness 
of said ?rst dielectric layer; and 

e) a re?ecting layer formed on said second dielectric layer. 
7. An optical recording medium in accordance With claim 

6, Wherein said second dielectric layer has a thickness of 30 
nm or less. 

8. An optical recording medium in accordance With claim 
6, Wherein said ?rst and second dielectric layers comprise a 
mixture of ZnS and SiO2 in Which SiO2 is in a concentration 
range of 5—40 mol %. 

9. An optical recording medium comprising a recording 
layer Which includes a ternary alloy of Te-Ge-Sb dispersed 
in a matrix selected from the group consisting of Te nitride, 
Ge nitride and Sb nitride. 

10. An optical recording medium having a recording layer 
comprising a ternary alloy composition of Sb, Sb2Te3, and 
GeTe, said composition further including at least one nitride 
of Ge, Te, or Sb. 

11. An optical recording medium in accordance With 
claim 10, Wherein the mole ratio of GeTe to SbZTe3 is greater 
than 0.5 and less than 3.0. 

12. An optical recording medium comprising: 
a) a substrate; 
b) a ?rst dielectric layer formed on one surface of said 

substrate; 
c) a recording layer formed on said ?rst dielectric layer, 

said recording layer capable of absorbing energy and 
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being converted between a substantially non-crystalline 
state and a substantially crystalline state, Wherein said 
recording layer includes a ternary alloy of GeTe, 
Sb2Te3, Sb and at least one nitride of Ge, Te, or Sb; 

d) a second dielectric layer formed on said recording layer 
having a thickness substantially less than the thickness 
of said ?rst dielectric layer; and 

e) a re?ecting layer formed on said second dielectric layer. 
13. An optical recording medium in accordance With 

claim 12, Wherein said second dielectric layer has a thick 
ness Which is 30 nm or less. 

14. An optical recording medium in accordance With 
claim 12, Wherein said ?rst and second dielectric layers 
comprise a mixture of ZnS and SiO2 in Which SiO2 is in a 
concentration range of 5—40 mol %. 

15. An optical recording medium in accordance With 
claim 12, Wherein the mole ratio of GeTe to Sb2Te3 is greater 
than 0.5 and less than 3.0. 

16. The optical recording medium of claim 1, wherein said 
at least one nitride of Te, Ge or Sb is present only as a 
nitrided surface layer formed as at least one surface of said 
recording layer 

17. The optical recording medium of claim 2, wherein said 
at least one nitride of Te, Ge or Sb is present only as a 
nitrided surface layer formed as at least one surface of said 
recording layer 

18. The optical recording medium of claim 1, wherein at 
least one surface of said recording layer includes said at 
least one nitride of Te, Ge or Sb. 

19. The optical recording medium of claim 2, wherein at 
least one surface of said recording layer includes said at 
least one nitride of Te, Ge or Sb. 

* * * * * 


