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(57) ABSTRACT 
The present invention discloses a reWritable phase-change 
optical disk having a recording material of a ?ve-element 
alloy, Te—(Ge,Bi,Sb)—X, Wherein X is B (boron) or C 
(carbon); Te (tellurium) ranges from 47 to 60 atomic per 
centage (at. %); Ge (germanium) ranges from 12 to 48 at. %; 
and Si (silicon) together With Sb (antimony) range from 5 to 
41 at. %, based on the total atomic number of Te, Ge, Bi and 
Sb; and B or C range from 0.05 to 4 at. %, based on the total 
atomic number of Te, Ge, Bi, Sb and X. 
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REWRITABLE PHASE-CHANGE OPTICAL 
RECORDING COMPOSITION AND REWRITABLE 

PHASE-CHANGE OPTICAL DISK 

FIELD OF THE INVENTION 

[0001] The present invention is related to an optical infor 
mation recording medium, and in particular to a reWritable 
optical recording material, Which undergoes a phase change 
betWeen the crystalline and amorphous states upon irradia 
tion of a signal laser beam, thus enabling recording, erasing, 
reproduction and over-Writing and the reWritable optical 
disks thereof. 

BACKGROUND OF THE INVENTION 

[0002] An erasable phase-change optical disk utiliZes a 
phase change betWeen the crystalline and amorphous states 
of a recording layer to accomplish the functions of Writing 
and erasing. The Working principles of the erasable phase 
change optical disk Will be introduced in conjunction With 
typical prior art references hereinafter for a better under 
standing of the present invention. 

[0003] A typical erasable phase-change optical disk is 
shoWn in FIG. 1, Which comprises a phase-change recording 
layer 2 interposed betWeen an upper dielectric layer and a 
loWer dielectric layer 3 on a substrate 1, a re?ective layer 4 
on the upper dielectric layer, and a plastic protection layer 5 
on the re?ective layer 4. A suitable material for making the 
dielectric layers 3 is SiO2—ZnS. The substrate 1 may be 
formed of polymethyl methacrylate, polycarbonate or a 
glass. Suitable materials for forming the re?ective layer 4 
include Au, Cu, Al, Ni, Cr, Pt, Pd and an alloy thereof. 

[0004] The currently used erasable phase-change optical 
disks utiliZe a chalcogenide material based on Te or Se as the 
recording layer. When a region of the recording layer is 
subjected to a rapid heating to a molten state upon irradiation 
of a focused laser beam With a high poWer short pulse 
modulation, the region Will be conductively quenched by the 
adjacent layers (eg the dielectric layers and re?ective layer) 
to an amorphous state, so that a recording mark is formed. 
The amorphous recording mark has a re?ectance loWer than 
that of the blank crystalline region (for some special alloys 
the re?ectance of amorphous recording mark is higher), and 
the difference in re?ectance is used for reproduction of 
signals. A medium poWer and long pulse laser beam is used 
to erase the recording mark, Which resumes the blank 
crystalline region by heating to a temperature betWeen its 
melting point and crystalliZation point. 

[0005] The chalcogenide material Was ?rst used as the 
phase-change recording layer by S. R. Ovsinsky, et al. in 
US. Pat. No. 3,530,441, Wherein thin ?lms of Te85Ge15 and 
TeslGelsSzSb2 produce a reversible phase-transition 
according to irradiation With high energy density light such 
as the laser beam. Thereafter, most of the research Works 
have concentrated on the chalcogenide materials, for 
examples GeTe, InSe, InSeTI, InSeTICo, GeSbTe, GeTeSn, 
GeTeAs, GeTeSnAu, InTe, InSeTe, InSbTe, and SbSeTe, etc. 
all pertain to the chalcogenide material. Among them, the 
series of GeSbTe alloys developed by Matsushita Electric 
Industrial Co., Ltd., Japan, in US. Pat. Nos. 5,233,599; 
5,278,011; and 5,294,523 are the most promising ones. The 
details of these patents are hereby incorporated by reference 
in their entirety. 
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[0006] HoWever, the aforesaid phase-change materials 
have a common draWback, Which is the existence of tWo 
crystalline phases during the crystalliZation thereof, i.e. the 
loW temperature FCC (face-centered cubic) phase and the 
high temperature HCP (hexaganol close-packed lattice) 
phase. A phase transition betWeen the FCC and HCP sig 
ni?cantly reduces reliability of the reWritable phase-change 
optical disk after a long period of use, and decreases the 
feasible number of Writing-erasing cycles. 

SUMMARY OF THE INVENTION 

[0007] The present invention discloses a novel series of 
?ve-element alloys, Te—(Ge,Bi,Sb)—X, X=B or C, for use 
as a phase-change optical recording material that shoWs 
improvements over those of the prior art. Typical improve 
ments of the ?ve-element alloys of the present invention 
comprise an excellent high crystalliZation rate, and a high 
optical contrast betWeen the amorphous and crystalline 
states Within the visible light range, and thus is very suitable 
for use as a reWritable phase-change optical recording 
material. 

[0008] A reWritable phase-change optical recording com 
position designed according to the present invention is to 
replace part of Ge in the Te—Ge binary system With Bi and 
Sb simultaneously, and further dope small atom boron or 
carbon, Which has the folloWing formula: 

[0009] Wherein M=Bi1_BSbB, X=B or C, or more explic 
itly, expressed in atomic percentage (at. %): 

[0010] Wherein x=47~60 at. %; y=12~48 at. %; 
Z=5~41 at. %, x+y+Z=100 at. %; [3=0.1~0.9; and 
a=0.05~4 at. %. 

[0011] The reWritable phase-change optical recording 
compositions of the present invention may be classi?ed into 
tWo groups according to the value of y, Wherein the ?rst 
group compositions have y=28~48 at. %, Z=5~25 at. %, 
[3=0.1~0.9, and a=0.5~3 at. %; and the second group com 
positions have y=12~28 at. %, Z=12~41 at. %, [3=0.1~0.9, 
and a=0.5~3 at. %. 

[0012] Preferably, the ?rst group compositions have an 
optical contrast betWeen the amorphous and crystalline 
states greater than 30% Within a visible light range. 

[0013] Preferably, the ?rst group compositions have a 
crystalliZation temperature ranging from 180 to 210° C. 

[0014] Preferably, the ?rst group compositions only have 
the face-centered cubic (FCC) phase in its crystalline state 
and at a temperature beloW 300° C. 

[0015] Preferably, the ?rst group compositions have a 
crystalliZation activation energy ranging from 1.5 to 3.5 eV 
at the crystalliZation temperature. 

[0016] Preferably, the second group compositions have an 
optical contrast betWeen the amorphous and crystalline 
states greater than 20% Within a visible light range. 

[0017] Preferably, the second group compositions have a 
crystalliZation temperature ranging from 140 to 180° C. 
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[0018] Preferably, the second group compositions only 
have the face-centered cubic (FCC) phase at a temperature 
below 250° C. 

[0019] Preferably, the second group compositions have a 
crystallization activation energy ranging from 1.5 to 3.5 eV 
at the crystalliZation temperature. 

[0020] Preferably, the ?rst group compositions have the 
folloWing compositions: (Te5O 6Ge37 4Bi5 7Sb6 3)99 UB0 89, 
(Te5O.6Ge37.4Bi5 7Sb6 3)98 46B1 54> (T650 66637 41315 7Sb6 3)98 
14B1.86 or (T650 6663141315 7Sb6 3)99.01 C0 99 

[0021] Preferably, the second group compositions have the 
folloWing composition: (Te54 5Ge22 OBi6 5Sbno)99 26BO 74, 
(P65456622 OB16 5Sb17 O)98 ~73131 27> (T654 56622 01316 5Sb17 O)98 
15B1 85 or (T654 5662201316 5Sb17.0)98.93 C107 

[0022] The present invention also provides a reWritable 
phase-change optical disk comprising a substrate; a reWrit 
able phase-change optical recording layer deposited on said 
substrate, Wherein said reWritable phase-change optical 
recording layer has a composition of said reWritable phase 
change optical recording composition of the present inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a sectional vieW shoWing a structure of a 
conventional erasable phase-change optical disk. 

[0024] FIG. 2 is a composition diagram shoWing a 
broader scope of the reWritable phase-change optical infor 
mation recording composition according to the present 
invention, Te—(Ge,Bi,Sb)—X, Wherein X=B or C, and X 
has 0.05~5 at. %. 

[0025] FIG. 3 shoWs an X-ray diffraction spectrum of a 
crystalline layer of the control composition, Te(GeO_8SbO 2) 
after annealing. 

[0026] FIG. 4 is a plot of re?ectance versus Wavelength, 
Within the visible light range, shoWing the re?ectance of the 
amorphous layer (R A) and the crystalline layer (RC) of the 
control composition, Te51 4Ge36 1Sb12 5. 

[0027] FIG. 5 shoWs X-ray diffraction spectra of crystal 
line layers of the four compositions prepared in Example 1 
of the present invention, after annealing at 250° C. for 10 
minutes, Wherein said four compositions have a formula of 
(Te5O 6Ge37 4Bi5_7Sb6 3)1_,B,, Wherein a=0, 0.89, 1.54 and 
1.86 at % designated as B0, B1, B2 and B3, respectively. 

[0028] FIG. 6 is a plot of re?ectance versus Wavelength, 
Within the visible light range, shoWing the re?ectance of the 
amorphous layer (R A) and the crystalline layer (RC) of the 
four compositions prepared in Example 1 of the present 
invention. 

[0029] FIG. 7 is a plot of optical contrast versus Wave 
length, Within the visible light range, shoWing the optical 
contrasts of the control composition (designated as A) used 
in FIG. 4 and the four compositions prepared in Example 1 
of the present invention. 

[0030] FIG. 8a shoWs X-ray diffraction spectra of crys 
talline layers of the four compositions prepared in Example 
2 of the present invention, after annealing at 180° C. for 10 
minutes, Wherein said four compositions have a formula of 

Apr. 11, 2002 

(Te54 5Ge22 OBi6 5Sblm)1 aBa, Wherein a=0, 0.74, 1.27 and 
1.85 at % designated as C0, C1, C2 and C3, respectively. 

[0031] FIG. 8b shoWs X-ray diffraction spectra of crys 
talline layers of the four compositions prepared in Example 
2 of the present invention, after annealing at 300° C. for 10 
minutes. 

[0032] FIG. 9 is a plot of re?ectance versus Wavelength, 
Within the visible light range, shoWing the re?ectance of the 
amorphous layer (R A) and the crystalline layer (RC) of the 
four compositions prepared in Example 2 of the present 
invention. 

[0033] FIG. 10 is an optical contrast versus Wavelength 
plot shoWing the optical contrasts of the four compositions 
prepared in Example 2 of the present invention Within the 
visible light range. 

[0034] FIG. 11 is a plot shoWing dynamic erasing and 
Writing characteristics of tWo phase-change optical disks 
prepared by using the compositions B0 and B1 in Example 
1 of the present invention. 

[0035] FIG. 12 is a plot shoWing dynamic erasing and 
Writing characteristics of tWo phase-change optical disks 
prepared by using the compositions C0 and C1 in Example 
2 of the present invention. 

[0036] FIG. 13 is a composition diagram shoWing a 
preferred scope of the reWritable phase-change optical infor 
mation recording composition according to the present 
invention, Te—(Ge,Bi,Sb)—X, Wherein X=B or C, and X 
has 0.05~4 at. %. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] (1) Alloy Design 

[0038] The designing of the alloys of the present invention 
is based on the binary alloy, TeGe. TeGe has disadvantages 
such as a high melting point (7250 C.), a high crystalliZation 
temperature, a high crystalliZation activation energy barrier, 
and theexistence of a second crystalline phase (HCP) at high 
temperature. In order to adjust the crystalliZation tempera 
ture and crystalliZation activation energy, the present inven 
tors use VA group elements to partially replace the expensive 
and high-melting-point Ge in the TeGe alloy. More speci? 
cally, Bi and Sb are added to loWer the crystalliZation 
temperature and crystalliZation activation energy, and to 
facilitate the preparation of the designed alloys. On the other 
hand, smaller atoms of IIIA or IVA, such as boron or carbon, 
are introduced With a minor quantity into the interstitial sites 
of lattice to stabiliZe the crystalline phase of the designed 
alloy layer at high temperature, and thus maintain a single 
crystalline phase at high temperature. The designed alloy of 
the present invention has a composition of Te(Ge,Bi,Sb)y, 
Wherein y is better betWeen 0.67 to 1.50 to retain the FCC 
crystalline phase. The amount of B or C added is limited 
Within a range of 0.05 to 5 at. % to avoid precipitation of B, 
C or their compounds. Finally, the ratio of Ge:Bi:Sb are 
varied. The designed alloys of the present invention have the 
composition range encompassed by points I, II, III and IV 
shoWn in FIG. 2, and can be represented by the folloWing 
formula: 
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mula can be more explicitly expressed in atomic percentage 
(at. %) as 

[0040] Wherein x=47~60 at. %; y=12~48 at. %; Z=5~41 at. 
%, x+y+Z=100 at. %. 

[0041] (2) Preparation of the Designed Alloys and Target 

[0042] Any methods knoWn in the prior art can be used in 
preparing the designed alloys, and a target for forming a 
layer of the designed alloys of the present invention. The 
folloWing examples are illustrative only, and not limitative 
of the remainder of the disclosure in any Way Whatsoever. 
Te—(Ge,Bi,Sb) alloy ingot or target Was prepared by sealing 
high purity Te, Ge, Bi and Sb in a predetermined Weight ratio 
Within a quartZ tube, melting the elements by heating to 
800~1000° C. While rotating and shaking the quartZ tube, 
maintaining said heating temperature for one hour in the 
case of a small diameter quartZ tube or for three hours for a 
larger quartZ tube, and cooling the quartZ tube. 

[0043] The ingot obtained after cooling Was heated again 
to a temperature 20° C. beloW the melting point of the alloy 
ingot for one Week to carry out a homogeniZation heat 
treatment. The melting point of the alloy ingot Was deter 
mined in advance by DSC analysis. The composition of 
homogeniZed alloy ingot Was analyZed before using as a 
target having a thickness of about 5 mm. 

[0044] The addition of boron or carbon Was carried out by 
adding high-purity boron or carbon While melting the 
Te—(Ge,Bi,Sb) alloy ingot, or by melting GeB or GeC and 
the Te—(Ge,Bi,Sb) alloy ingot together. Alternatively, a 
composite target for depositing a layer of the ?ve-element 
alloy, Te—(Ge,Bi,Sb)—X, Wherein X=B or C, Was prepared 
by attaching a piece of high purity boron or carbon to a 
surface of the Te—(Ge,Bi,Sb) target in a predetermined area 
ratio. 

[0045] (3) Deposition of Layer 

[0046] Any deposition methods knoWn in the prior art can 
be used to form the recording layer of the optical disk of the 
present invention, Which include (but not limited to) evapo 
ration methods in vacuum such as thermal evaporation and 
E-beam evaporation; sputtering methods such as DC, RF, 
magnetron, symmetric, and non-symmetric sputtering, etc.; 
and vacuum ion plating. 

[0047] In Examples 1 and 2 of the present invention the 
recording layers of the phase-change optical disks, Te—(Ge, 
Bi,Sb)—X, Wherein X=B or C, Were formed by RF mag 
netron sputtering With the composite target and Without 
heating the substrate. The control example used a target of 
Te(GeO OSbO 2). Example 1 used a composite target formed 
by attaching boron or carbon thin pieces of different siZes on 
the surface of Te(GeO_8BiO_1SbO_1) target, and Example 2 
used Te(GeO 5BiO 125SbO 375)O 8 as the main target. TWo 
different substrates Were used, one Was glass (DoW Corn 
ing#7059 glass) and the other Was polycarbonate (PC). The 
recording layer Was deposited directly on the substrate to 
100 nm thickness. 

[0048] The as deposited layers Were amorphous, and a 
crystalliZation annealing heat treatment Was conducted to 
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convert it to a crystalline state in the folloWing examples. 
The samples Were heated in a furnace at a predetermined 
temperature in the range from 180-350° C. for 10 minutes. 
The ?oWing argon atmosphere at pressure about 1 atm Was 
maintained in the furnace. 

[0049] (4) Analysis 

[0050] The analyses Were conducted for both the as 
deposited layers and the crystallization-annealed lay 
ers. 

[0051] An inductively coupled plasma-atomic emission 
spectrometer (ICP-AES) Was used to quantitatively deter 
mine the composition of the deposited layer; a loW angle 
X-ray diffractometer Was used to analyZe the structure of the 
deposited layers; and a photospectrometer Was used to 
measure the re?ectance (R) of the of the deposited layers. A 
differential scanning calorimeter (DSC) Was used to conduct 
thermal analysis of the as deposited layers after they Were 
stripped off from the substrates, Wherein the crystalliZation 
temperatures of the amorphous layers Were determined. 
Their crystalliZation activation energies Were calculated 
from the shift of the exothermic peaks in the DSC curves 
resulting from different heating rates by the method of 
Kissinger’s plot. 

[0052] (5) Analysis Results 

[0053] The compositions of the deposited layers in 
Examples 1 and 2 determined by ICP-AES quantitative 
analysis together With that of the control example are shoWn 
in Table 1. 

TABLE 1 

Des 
igna 

Designed composition Measured composition tion 

Control: TeGeO_8SbU_2 T651_4G635_1Sb12_5 A 
Example 11 Te5U.6Ge37.4Bi5.7Sb6.3 BO 

[Te(GeD.8BiD.lsblllnliaca (Te/50.66637.4Bi5.7Sb6.3)99.01Co.99 B4 

a 

[0054] The as deposited layer of the control example Was 
in amorphous state, Which Was converted to crystalline state 
after annealing at 250° C. for 10 min as shoWn in FIG. 3. 
The crystalline structure Was identi?ed as a single phase of 
face-centered cubic (fcc) structure having a lattice constant 
of 0.5980 nm. 

[0055] FIG. 4 shoWs the re?ectance of the amorphous 
layer (RA) and the crystalline layer (RC) of the control 
example Within the visible light range (380~830 nm). 
Re?ectance at both amorphous and crystalline states has 
high value, RA ranges from 39% at 380 nm to 30% at 830 
nm, While Rc is about 55-59% Within the measured Wave 
length range. 

[0056] The deposited layer of the control example Was 
analyZed by Differential Scanning Calorimeter at a heating 
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rate of 10° C./min. One exothermic peak Was found at 227° 
C., i.e. the crystallization temperature. The crystallization 
activation energy Was calculated to be 4.03 eV. 

[0057] The as deposited layers of Example 1 compositions 
Were all at amorphous state, Which Were subsequently con 
verted to crystalline state after annealing at 250° C. for 10 
min as shoWn in FIG. 5. The crystalline structures of 
Example 1 compositions Were identi?ed as a single phase of 
face-centered cubic (fcc) structure, Wherein the lattice con 
stant thereof increases as the content of boron increases. 
Similar phenomena Were observed in the crystalline layer 
containing carbon atoms, indicating that boron or carbon 
atoms enter the interstitial sites of the matrix lattice so as to 
increase the lattice constant. 

[0058] FIG. 6 shoWs the re?ectance of the amorphous 
layer (R A) and the crystalline layer (RC) of the B0-B3 
compositions in Example 1 Within the visible light range. It 
can be seen from FIG. 6 that the re?ectance of the crystal 
line layer, RC, increases signi?cantly as born atoms are 
added; hoWever, the increase of the re?ectance of the 
amorphous layer, R A, is not so signi?cant. Among them the 
B1 composition has the greatest change in re?ectance. The 
re?ectance of the amorphous layer and the crystalline layer 
of the B4 composition containing carbon atoms is also 
higher than that of the B0 composition containing no carbon 
atom. 

[0059] FIG. 7 is an optical contrast versus Wavelength 
plot shoWing the optical contrasts of the control example 
(designated as A in Table 1) and the four compositions in 
Example 1 (B0 to B3, Table 1) Within the visible light range. 
The optical contrast is de?ned as folloWs: 

[0060] optical contrast=(Rc-RA)/Rc=AR/Rc 
[0061] The optical contrast has a close relationship With 
the reading feasibility of the phase-change optical disk. A 
higher optical contrast means a greater difference in re?ec 
tivity betWeen amorphous and crystalline states, and thus a 
higher carrier-to-noise ratio (CNR) is obtained When the 
recording mark size is reduced. The control composition (A) 
has a relatively high optical contrast, eg from 31% at 380 
nm to 49% at 830 nm. The optical contrast of the B0 
composition is about 3-4% loWer than that of the control 
composition (A) through the same Wavelength range, indi 
cating that the addition of Bi Will loWer the optical contrast. 
HoWever, the compositions of B1 to B4 all have a higher 
optical contrast compared to the B0 composition, shoWing 
that the optical contrast is raised in the bismuth added 
compositions. Table 2 lists the optical contrasts of the 
control composition (A), and B0-B4 compositions at 
selected Wavelengths of 780 nm, 650 nm, 450 nm and 380 
nm, Wherein the optical contrasts of the ?ve-element com 
positions B1 to B4 are more than 30%. 

TABLE 2 

Wavelength 

Designation 380 nm 450 nm 650 nm 780 nm 

A 31 34 35 43 
B0 28 30 33 42 
B1 33 34 36 41 
B2 30 32 38 44 
B3 30 32 37 43 
B4 32 32 35 39 
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[0062] The exothermic peaks in DSC curves of the as 
deposited layers of the control composition (A) and B0 to B3 
compositions in Example 1 Were taken as the crystallization 
temperatures of the compositions. Table 3 lists the crystal 
lization temperatures and crystallization activation energies 
of the control composition (A) and B0 to B4 compositions 
in Example 1. The crystallization temperature and crystal 
lization activation energy are loWered, When Bi is incorpo 
rated to the control composition, and further decrease of 
both Was observed With minor doping of B in the case of B1 
composition. Such effect Was also observed When minor 
carbon Was doped, indicating that the addition of carbon 
atoms is also effective in loWering the crystallization tem 
perature and crystallization activation energy. It is knoWn 
that the loWer the crystallization activation energy is, the 
faster the crystallization rate is. 

TABLE 3 

Crystallization Crystallization 
Designation temperature (° C.) activation energy (eV) 

A 227 4.03 
B0 202 2.70 
B1 187 1.83 
B2 193 2.69 
B3 198 2.72 
B4 189 2.01 

[0063] In vieW of the above analysis results of the control 
example and Example 1, it can be concluded that the 
addition of both Bi and Sb to the TeGe alloy can effectively 
loWer its crystallization temperature and crystallization acti 
vation energy With a sacri?ce of loW optical contrast. 
HoWever, further incorporation of boron or carbon atoms 
thereto can make up the loss of the optical contrast While 
maintaining the good crystallization characteristics. 

[0064] The as deposited layers of Example 2 compositions 
Were in amorphous state and converted to crystalline state 
after annealing at 180° C. for 10 min as shoWn in FIG. 8a. 
The crystalline structures of Example 2 compositions Were 
identi?ed as a single phase of face-centered cubic (FCC) 
structure, Wherein the lattice constant thereof increases as 
the boron content increases, indicating that boron atoms 
enter the matrix lattice in the manner of interstitial atoms so 
as to increase the lattice constant. When the annealing 
temperature Was raised to 300° C., the crystalline structure 
of C0 composition changed to a single phase of HCP 
structure; hoWever, the crystalline structure of C1 to C3 
composition layers remained FCC structure. Therefore, the 
addition of boron atoms has an effect of stabilizing the FCC 
structure. Moreover, the Widths of the diffraction peaks of 
C1 to C3 composition layers subjected to 300° C. annealing 
have no signi?cant changes compared to those subjected to 
180° C. annealing, as shoWn in FIGS. 8a and 8b. In the case 
of C0 composition layer, the Width becomes signi?cantly 
narroWer. A greater Width of diffraction peak means a 
smaller grain size in the crystalline layer, so that a noise 
value due to optical anisotropy is reduced upon reading the 
optical disk, and boundaries of recording regions are ren 
dered more clear. As a result, the addition of boron atoms 
can inhibit the groWth of crystal grains, thus reducing the 
grain size. Similar phenomena Were observed in the crys 
talline layer containing carbon atoms (C4 composition), 
Where the crystalline structure Was a single phase of FCC 
structure after being subjected to 180° C. annealing and 300° 
C. annealing. 
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[0065] FIG. 9 shows the re?ectance of the amorphous 
layer (R A) and the crystalline layer (RC) of the C0-C3 
compositions in Example 2 Within the visible light range. 
The re?ectance of the crystalline layer, RC, and the re?ec 
tance of the amorphous layer, R A, increase in most regions 
Within the visible light range as born atoms are added. FIG. 
10 shoWs the optical contrasts of the four compositions in 
Example 2 (C0 to C3, Table 1) Within the visible light range, 
Which are much loWer than those of Example 1. Taking the 
C0 composition as an example, the average optical contrast 
Within 400 nm-800 nm is 17%, and even loWer at Wave 
length<400 nm. HoWever, the ?ve-element compositions 
(C1-C3) have an average optical contrast Within the visible 
light range higher than 20%, and Will be more higher Within 
the short Wavelength region as the boron content increases, 
for example C2 composition has an optical contrast of 23% 
at 450 nm. As to the carbon containing layer (C4 composi 
tion), the average optical contrast Within 400 nm-800 nm is 
19%. This indicates that the addition of boron or carbon 
atoms to the C0 composition can effectively enhance the 
optical contrast as Well as the stability of the crystalline 
phase. Table 4 lists the optical contrasts of C0-C4 compo 
sitions at Wavelengths of 780 nm, 650 nm, 450 nm and 380 
nm. 

TABLE 4 

Wavelength 

Designation 380 nm 450 nm 650 nm 780 nm 

CO 14 17 17 19 
C1 18 19 21 18 
C2 22 23 22 19 
C3 22 23 21 21 
C4 17 19 2O 18 

[0066] The as-deposited layers of the C0 to C3 composi 
tions in Example 2 exhibit tWo exothermic peaks in their 
DSC curves. The ?rst exothermic peaks appearing at tem 
peratures about 160° C. are taken as the crystallization 
temperatures of the compositions, as a result of the change 
from amorphous state to FCC structure. The second exo 
thermic peaks are caused by the crystalline phase transition 
from FCC to HCP, Which occur at temperatures near 280° C. 
The addition of boron can loWer the crystallization tempera 
ture about 1-2° C., While increase the FCC-to-HCP transi 
tion temperature (about 270-300° C.). The crystallization 
activation energies of C0 to C3 compositions corresponding 
to the amorphous-to-FCC transformation remain steady 
from 2.9 to 3.0 eV as the boron content increases, While the 
activation energy of FCC-to-HCP transition increases. 
Therefore, the addition of boron has an effect of stabilizing 
the FCC structure. The addition of carbon atoms is also 
effective in stabilizing the FCC structure. Table 5 lists the 
results of the thermal analysis. 

TABLE 5 

Phase 
Phase- change 
change activation 

temperature energy 
Crystallization Crystallization from FCC from FCC 
temperature activation to HCP to HCP 

Designation (0 C.) energy (eV) (0 C.) (eV) 

CO 160 2.97 281 2.35 
C1 158 2.89 279 2.45 
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TABLE 5-continued 

Phase 
Phase- change 
change activation 

temperature energy 
Crystallization Crystallization from FCC from FCC 
temperature activation to HCP to HCP 

Designation (0 C.) energy (eV) (0 C.) (eV) 

C2 159 2.89 283 2.39 
C3 160 2.88 286 2.65 
C4 158 2.87 282 2.50 

[0067] Several phase-change optical disks in the format of 
2.6 GB DVD-RAM (Digital Versatile Disk-Random Access 
Memory) Were made by using one of the B0, B1, C0 and C1 
as composition of the recording layer. The optical disk had 
four layers deposited on a 0.6 mm PC substrate, and they 
Were a loWer dielectric layer of ZnS—SiO2 (150 nm), the 
recording layer (20 nm), a upper dielectric layer of ZnS— 
SiO2 (15 nm) and a re?ective layer of Al (80 nm). Finally, 
another blank substrate Was bonded to the deposited sub 
strate to complete the fabrication of the optical disk. The 
recording-erasing characteristics Were evaluated by a 
dynamic tester having an optical head With a laser Wave 
length of 638 nm and a numerical aperture (N.A.) of 0.6. The 
(8,16) modulation signal and mark edge recording method 
Were used for carrier-to-noise ratio (CNR) measurement. 
The 3T mark length With frequency 4.87 MHz Was set in 
recording at linear velocity of 6 m/s. DC erase on recorded 
marks of optimum Write poWer Was applied to measure the 
erase ratio The ER is de?ned as the difference in CNR 
betWeen the recorded and erased signals. 

[0068] FIG. 11 shoWs the CNR and ER as functions of 
Write poWer and erase poWer, respectively, of tWo phase 
change optical disks prepared by using the compositions B0 
and B1 in Example 1 as the recording layer. The optimal 
erasing poWer is 6 mW With ER of 32 and 33 dB for B0 and 
B1 recording layers, respectively. The optimal Writing 
poWer is 14 mW With CNR of 54 dB for both B0 and B1 
recording layers. The erasing and Writing poWers are almost 
the same for the recording layers With and Without addition 
of boron, While the ER and CNR values increase slightly 
With the addition of boron. The cyclability test shoWs that 
the CNR’s of B0 and B1 recording layers decrease to 48 and 
49 dB, respectively, after 105 cycles of Writing and erasing, 
revealing that both recording layers have excellent overWrit 
ing performance. 

[0069] FIG. 12 shoWs the CNR and ER of tWo phase 
change optical disks prepared by using the compositions C0 
and C1 in Example 2 as the recording layer. The optimal 
erasing poWer is 5 mW With ER of 20 for both C0 and C1 
recording layers. The optimal Writing poWer is 12 mW With 
CNR of 52 and 51 dB for C0 and C1 recording layers, 
respectively. The erasing and Writing poWers are almost the 
same for the recording layers With and Without addition of 
boron, While the ER and CNR values decrease slightly With 
the addition of boron. In comparison With the B0 and B1 
recording layers, the C0 and C1 recording layers have loWer 
erasing and Writing poWers, and a decrease of about 12 dB 
in ER. The cyclability test shoWs that both the CNR’s of C0 
and C1 recording layers decrease to about 48 dB, after 105 




