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OPTICAL RECORDING MEDIUM COMPRISING A GESBTE RECORDING LAYER 

The invention relates to a rewritable optical information medium for high­

speed recording by means of a laser-light beam, said medium comprising a substrate carrying 

a stack of layers, which stack comprises, in this order, a first dielectric layer, a recording layer 

of a phase-change material comprising an alloy consisting of Ge, Sb and Te, a second 

5 dielectric Jayer and a metal mirror layer. 

The invention also relates to the use of such an optical recording medium in 

high storage density and high data nite applications. 

Optical information or data storage based on the phase change principle is 

attractive, because it combines the possibilities of direct overwrite (DOW) and high storage 

10 density wjth easy compatibility with read-only systems. Phase-change optical recording 

involves the fonnation of submicrometer-sized amorphous r~cording marks in a thin 

crystalline film using a focused laser-light beam. During recording information, the medium is 

moved with respect to the focused laser-light beam which is modulated in accordance with the 

infonnation to be recorded. Due to this, quenching takes place in the phase-change recording 

15 layer and causes the fonnation of amorphous information bits in the exposed areas of the 

recording layer which remains crystalline in the unexposed areas. Erasure of written 

amorphous marks is realized by recrystallizing through heating with the same laser. The 

amorphous marks represent the data bits, which can be reproduced via the substrate by a Jow­

power focused laser-light beam. Reflection differences of the amorphous marks with respect to 

20 the crystalline recording layer bring about a modulated laser-light beam which is subsequently 

converted by a detector into a modulated photocurrent in accordance with the coded, recorded 

digital infonnation. 

One of the most imponant demands in phase-change optical recording is a high 

data rate. A high data rate requires the recording layer to have a high crystallization rate, i.e. a 

25 short crystallization time. To ensure that the previously recorded amorphous marks can be 

crystallized during direct overwrite, the recording layer should have a proper crystallization 

time to match the linear velocity of the medium relative to the laser-light beam. If the 

crystallization speed is not high enough to match the linear velocity of the medium relative to 

the laser-light beam. the old data (amorphous marks) from the previous recording cannot be 
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completely erased (recrystallized) during DOW. This will cause a high noise level. A high 

crystallization speed is particularly required in high-density recording and high data rate 
applications, such as disc-shaped DVD+RW, DVR-red and blue and CD-RW, where the 

complete erasure time (CE'f) has to be shorter than circa 50 ns. For DVD+RW, which has a 4. 7 
5 OB recording density per 120 mm disk, a user data bit rate of 33· Mbits/s is needed, and for DVR­

red said rate is 35 Mbitsls. For rewritable phase change optical recording systems such as DVR­
blue (digital video recording operated with a blue laser-light beam), a user data rate higher than 
50 Mbitsls is required. 

An optical information medium of the type mentioned in the opening paragraph 
10 is known from United States patent US 5,191,565. The known medium of the phase-change 

type comprises a disc-shaped substrate cmying a stack of layers consisting, in succession, of a 
first dielectric layer, a recording layer of a phase-change Oe-Sb-Te alloy, a second djelectric 

layer and a metal reflective layer. Such a stack of layers can be referred to as an IPIM­
structure, wherein M represents a reflective or mirror layer, I represents a dielectric layer and 

15 P represents a phase-change recording layer. Said patent discloses in the ternary composition 
diagram (Figure 5) a l0cus of 70 ns pulse times around the stoichiometric compound ·. 

GeiSb2 Tes , at which· pulse time the Ge-Sb-Te compositions begin to crystallize, This. time is · 
not equal to the complete erase time CET, but shorter. The complete erase time CET .is defined 
as the minimum duration of the erasing pulse.for complete crystallization of a written 

20 amorphous mark in a crystalline environment, which is measured statically. For complete 
erasure of an amorphous mark, two processes are necessary; i.e. nucleation and grain 
(crystallite) growth. The time mentjoned in said patent js the nucleation time, i.e. the time that 

the first crystallites can be observed. Complete erasure:, i.e. complete crystallization of the 
amorphous mark, takes some arutitional ten or more nanoseconds. Said patent teaches that 

25 compositions on the GeTe-SbiTe3 tie-line in the ternary diagram crystallize more quickly. E.g. 
the stoichiometric compound Ge2SbiTes (Oei2.2Sbn.2Tess.6, in atomic percentages) is indicated 
to have a nucleation time of 50 ns. Experiments by the current Applicant show that this 
compound has a CET-value of 53 ns. 

It is an object of the invention to provide, inter alia, a rewritable optical 

30 information medium which is suitable for high speed optical recording, such as DVD-RAM 

and optical tape, having a CET-value of 50 ns or shorter. High-speed recording is to be 

understood to mean in this context a linear velocity of the medium relative to the laser-light 
beam of at least 7 .2 mis, which is six times the speed according to the Compact Disc standard. 
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These objects are ach~~ in acqordance with the invention by an optical 

information medium as described in ~e opening paragraph, which is characterized in that the 

recording layer comprises· llll alloy with a composition defined by an area in the temary 

composition diagram Ge-SJ>.. Te, in atomic percentages; said area being of pentagonal shape 

having the following vertices: 

Ge24.6S~.2Tess.2 (A) 

ClezJ:.sSb19.2 Tes1.3 (B) 

GClo.sSbio.s Tes,.o (C) 

Ge11.sSbn.6Tesu (D) 

GC20.1Sbn.;Tes,.2 (E); 

- the first dielectric layer ~aving a thickness of 70 to (70+A/2n) nm. wherein A is the 

wavelength of the laser-light beam, and n is the refractive index of this layer; 

- the recording layer having a thickness of 10 to 35 nm; 

- the second dielectric layer having a thiclmess of 10 to 50 run; 

15 - the metal miITDr layer having a thickness Of 60 to 160 nm. 

Surprisingly, the alloys within the pentagonal area ABCDE.in the trianguJ~r 

ternary Ge-Sb-Te composition diagram (see Figure 1) show a CET-value of 50 ns or shorter, 
:, . . . ~ 

or even below·45 ns. The:compositions of these alloys are situated to tl)e left of t~e,y.e-:line 

connecting the compositions GeTe and S~Te3, and show shoi;ter CET-vaJues than the pseudo-

20 binary compound Ge2Sb2Tes on this tie-line. This is in contrast with the above-mentioned. US 

patent5,191,565, which teaches that departing from the tie-line GeTe-Sb2Te3 would increase 

the nucleation time from 50 ns for the compound 0C2Sbi Tes towat$ 70 ns or more for alloys 

situated to the Jeft thereof. Ou~ide the area ABCDE the CET-values are more than 50 ns. 

Especially useful are alloys having a composition: 

25 (Ge2Sb2Tes)1-xTCx 

wherein the molar fraction 'X satisfies: 0.01 .s; x S 0.43. 

These compositions are situated on the tie-line connecting GC2Sb2Tes and Te in 

the ternary composition diagram, but within the pentagonal area ABCDE. Vertex C in Figure 

1 corresponds to a composition in which x = 0.43 (Geio.sSb20.sTes9.o). 

30 In a further refinement of the medium according to the invention, the value of x 

satisfies: 0.02 S x S 0.35. With these values of x, CET-values below 45 ns are obtained. 

An example of a composition which satisfies this formula is Ge21.sS~1.sTe57.o 

(x = 0.23) having a CET of 44 ns. 



WOOl/26106 PCT/.EP00/09501 
4 

The first dielectric layer, i.e. the layer between the substrate and the phase­

change recording layer, pro~Sts the recording layer from hum1dlfy··and the substrate from 

thermal damage, and optinlizes the optical contrast To minimize jitter, the thickness of the 

first dielectric layer is preferably at least 70 run. In view of the optical contrast, the thickness 

5 of this layer is limited to (70 + A/2n) run, wherein A. is the wavelength of the laser-light beam, 

and n is the refractive index of the first dielectric layer. 

The CET-value of the above-mentioned Ge-Sh-Te alloys depends on the layer 

thickness of the recording layer. CET decreases rapidly if the layer thickness increases up to 

10 nm, and it reaches a value of 50 ns or less if a further increase of the layer thickness takes 

10 place. When the recording layer is thicker than 25 nm, CET is essentially independent of the 

thickness. Above 35 nm the cyclability of the medium is adversely affected. The cyclability of 

the medium is measured by the relative change of the optical contrast after a large number of 

DOW-cycles, e.g 10s. In every cycle the written amorphous bits are erased by recrystallizing 

through heating with a laser-light beam while the new amorphous marks are written. In the 

15 ideal case, the optical contrast remains unchanged after cycling. The cyclability is practically 

· constant up to a layer thickness of the recording layer of 35 nm. As a result of the combined 

demands regarding CET and cyclability, the thickness of the recording layer should range 

between l 0 and 35 nm~ preferably between ·20 and 35 nm, more preferably between 25 and 35 

nm. A medium having a recording layer with a thickness· between 25 and 35 nm has a constant. 

20 low jitter during the first 10s DOW-cycles. 

An optimum thickness range for the second dielectric layer, i.e. the layer 

between the recording layer and the metal mirror layer, is found between 10 and 50 run, 

preferably between 20 and 40 nm. When this layer is too thin, the thermal insulation between 

the recording layer and the metal mirror layer is adversely affected. As a result, the cooling 

25 rate of the recording layer is increased, which leads to a slow crystallization process and a 

poor cyclability. The cooJing rate will be decreased by increasing the thickness of the second 

dielectric layer. 

The CET-value is not sensitive to the thickness of the metal mirror layer if said 

thickness is in the range from 20 to 200 nm. But if the metal mirror layer is thinner than 60 nm 

30 the cyclability is adversely affected because the cooling rate is too low. If the metal mirror 

layer is 160 run or thicker, the cyclability deteriorates further, and the recording and erasing 

power must be high because of the increased thermal conduction. Preferably the thickness of 

the metal mirror layer is between 80 and 120 nm. 
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. The first ancl second dielectric layers may be made of a mixture of ZnS and 

Si02, e.g. (ZnS)so(Si02)20. ,Altemativ~ ~. e.g. Si02, Ti02, Z11S, AIN, Si~4 and Ta20 5• 

Preferably, a carbide is~. like SiC; WC, TaC, ZrC or TiC. 1'llese materials give a higher 

crystaJlization speed and better cyclal>ility than. a ZnS-Si02 mixture. 
. . . . . . . . . 

For the metal mirror layer use can be made of metals such as Al, Ti, Au, Ag, 

Cu, Pt, Pd, Ni, Cr, Mo, W ;.nd Ta, including alloys of these metals. Examples of suitable 

alloys are AlTi, Al Cr and AlTa. 

Both the.refiective layers and the dielcctriclay~ can be provided by vapour 

deposition or sputtering. . . · 

l 0 The substrate of the information medium is at least trm.isparent to the laser 

wavelength, and is made,. for example, of polyca,rbonate, polymethyl methacrylate (PMMA}, 

amorphous polyolefin ()f glass. In a typical exaniple, the substrate is disc-shaped and has a 

diameter of 120 mm and a thicknes~ of 0.1, 0.6:or 1.2 mm. When a substrate of 0.6mmor1.2 

mm is used, the layers can be applied ~n -thi~ substrate starting with the first dielecuic layer,, 

15 _. recording layer, etc. Th~l~r-light ~ en~ the stack via the entrance face of the substrate. 

The layers of the stack on tJ:ie substrate may also be applied in.tlie rev~ order (inverse thin­

film phase change stack), i.e~ starting with tile metal. mim>r layer, the secof!d dielectric ~ayer, 
• • • : • -~ • : • • • •• < ' • • • 

phase change layer. etc. '.fhe last dielectric layer (which is now the first dielectric ll:lyer) is then 
• • . . • ,!. : : ,..~ ~··. :· 

·provided with an optical.qµality transparent cover layer or sheet of one of the above materiats 
' ' ' • • • • : ' ; • ' ' • ~ '~ • r 

20 with a thickness of 0.1 mm (I 00 µm). The laser-light beam enters the stac~ via the ~trance, face 

of this transparent layer. Such a. thin layer allows a high numerical· aP,erture of the objective 

. lens of the laser-light beapi, e.g. N.A.=0.85. 

Altem~tively, ~e substrate may J:>e in the fonn of a synthetic resin flexible tape, 

which is made e.g. from a polyester film. In this way an optical tape will be obtained for use in 

25 an optical tape recorder, ~hi ch is for example ba8ed on a fast spinning polygon. In such a 

device the reflected laser:..light beam makes transverse scans across the tape surface. 

The surface of the disc-shaped substrate on the side of the recording layer is, 

preferably, provided with a servotrack which can be scanned optically. This servotrack is often 

constituted by a spiral-shaped groove and is fonned in the substrate by means of a mould 

30 during injection moulding or pressing. This groove can be alternatively formed in a replication 

process in a synthetic resin layer, for example a UV light-cured layer of acrylate, which is 

separately provided on tfle substrate. In high-density recording, such a groove has a pitch e.g. 

of 0.7 - 0.8 µm and a width of 0.5 µm. 
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Optionally, the outennost layer of the stack is shielded from the environment by 
~·· :~ l. ·. ~~ .. .'. :.:• .. 

means of a protective layer; for example, of UV light-cured pdlY(ineth)acrylate. 

High-density recording and erasing can be achieved by using a short­

wavelength laser, e.g. with a wavelength of 675 nm or shorter (red to blue). 

The phase-change recording layer can be applied to the substrate by vapour 

depositing or sputtering of a suitable target. The layer thus deposited is amorphous and 

exhibits a low reflection. In order to constitute a suitable recording layer having a high 

reflection, this layer must first be completely crystallized, which is commonly referred to as 

initialization. For this purpose, the recording layer can be heated in a furnace to a temperature 

10 above the crystallization temperature of the Ge-Sb-Te alloy, e.g. 180°C. A synthetic resin 

substrate, such as polycarbonate, can alternatively be heated by a laser-light beam of sufficient 

power. This can be realized, e.g. in a recorder, in which case the laser-light beam·scans the 

moving recording layer. The amorphous layer is then locally heated to the temperature 

required for crystallizing the layer, without the substrate being subjected to a disadvantageous 

15 heat load. 

If desired, an additional thin metal layer M'can be inserted between the 

substrate and the first dielectric layer, thereby fonning a so called M'IPIM-structure. Although 

the structure becomes more complicated, the additional metal Jayer increases the c.ooling rate 

of the recording layer as well as the optical contrast. · 

20 The crystallization speed can be further increased when the above materials are 

used in a stack n+PrTh1 or n+PIM, where :tis a nitride, an oxide, or, preferably, a carbide. In 

this stack the recording layer Pis sandwiched between two additional layers r+. The carbide of 

the first and the second carbide_ layer is preferably a member of the group SiC, ZrC, TaC, TiC, 

and WC, which combine an excellent cyclability with a short CET. SiC is a preferred material 

25 because of its optical, mechanical and thennal properties; moreover, its price is relatively low. 

Experiments show that the CET-value of an ITTTIM stack is less than 60% of that of an IPTh.f 

stack. 

The thickness of the additional carbide layer is preferably between 2 and 8 nm. 

The relatively high thennal conductivity of the carbide will only have a small effect on the stack 

30 when this thickness is small, thereby facilitating the thennal design of the stack. 

The invention will be elucidated in greater detail by means of exemplary 

embodiments and with reference to the accompanying drawings, in which 

Fig. 1 shows a part of the triangular ternary composition diagram Ge-Sb-Te in 

atom%, 
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Fig. 2 shows a schematic cross-sectional view of an optical information 

medium in accordance with the invention, ~d 

Fig. 3 shows a part of the ternary composition diagram representing Ge (in 

atom%) and Sb/I'e (atomic ratio). 

Examples 1to8 Caccord.ingtothe invention) .. 

Fig. 2 schematicaJly shows a part of a cross~ection of an optical infonnation 

disc in accordance with the invention. Reference numeral 1 denotes a polycarbonate disc­

shaped substrate having a diameter of 120 mm and a thickness of li2 mm. The substrate .1 is 

l 0 provided. with an IPIM stack of the following structure: 

- first dielectric layer (I) 2 of (ZnS)so(Si02)20 with a thickness of 90 nm, 

- recording layer (P) 3 of an alloy of ~-Sb-1'e with a thickness of 28 nm, 

... second dielectric Jayer (I) 4 of (ZnS)so(SiOV2o with a thickness· of 25 nm, 

- metal mirror layer (M) 5 of Al with a thickness of lOO nm. 

15 · · All the layers are provided by· sputtering. The initiaJ crystalline state of the 

recording layer 3 is obtained by heating the as-deposited aniorphous .~loy in a recorder, by 

which the recording layer is.heated by' a continuous laser':'ligh~beam above its crys.ta)lization 

temperature. 
. .:.t 

A laser-light beam for recording, reproducing and erasing of infonnaµ,on enters 

20· .. the recording layer 3 via the substrate 1. This beam is schematically represented by an arrow 

6. The amorphous marks are written ·With single la~r pulses of power Pw =. 1.25 Pm. (Pm= 

melting threshold power) and duration 100 ns. The erase .power is Pw/2. 

25 

Table 1 S11IIlm~ses the results of exampl~s according to the invention, wherein 

the composition of the Ge-Sb-Te alloy has been varied. 

Table I 

Example CET Ge Sb Te 

(ns) (at.%) (at.%) (at.%) 

1 48 23.70 20.48 55.82 

2 45 22.80 20.89 56.31· 

3 47 23.90 19.69' 56;41 

4 46 22.05 21.34 56.61 

5 44 21.55 21.55 56;90 



WOOl/26106 PCT/EP00/09SOl 
8 

Example CBT Ge Sb Te 

(ns) (at.4) (at.%) (at.%) 

6 48 20.80 21.60 57.60: 

7 46 20.40 22.29 57.31 

8 47 22.50 21.58 55.92 

The examples 1 to 8 are situated within the pentagonal area ABCDE in Figure 1 

and in Figure 3. The vertices of the pentagon A, B, C, D and B represent alloys with 

compositions as indicated in Claim 1. Figure 1 is a part of the complete triangular ternary 

5 composition diagram Ge-Sb-Te. The diagram has the vertices Te (100% Te), the compound 

GeTe (50% Ge, 50% Te. 0% Sb), and the composition 0% Ge, 50% Sb, 50% Te. The 

compound GeiSbiTes (Ge22.2Sbn2Te.ss.6 in atomic percentages) is situated on the tie-line 

(dashed line) connecting the compounds GeTe and SbiTe3• 

Figure 3 shows an enlarged composition diagram in a different format. The 

10 vertical axis indicates the Ge-content (in at.%), whereas the horizontal axis represents the 

Sbfl'e atomic ratio. This Figure shows a part of the tie-lines from Figure 1, as well as the 

compound Ge2S~Tes. Vertex point C is situated on the tie-line connecting Te and GeiSb2Te5• 

The examples 1 to 8 according to the invention are indicated with a cross x in the area of 

pentagon ABCDE. 

15 The lowest CEI'-values are situated on the tie-line (dashed line) connecting Te. 

and GeiSbiTes, but within the area of pentagon ABCDE, such as example 5 in Table 1. By the 

addition of Te to pure GeiSbiTes, the composition shifts ~m Ge2Sb2Tes towards Te along the 

tie-line connecting these two end-points~ corresponding with the composition: 

(GeiSbiTes)1.xTex. If x =0.00, i.e. the pure compound Ge2SbiTes. the CET-value amounts to 

20 53 ns. After a small addition of Te (x = 0.01), the CET-value drops below 50 ns. CET remains 

below 50 ns until x = 0.43 (Geio.sSb20.sTe59.0, in atomic percentages), which corresponds to 

vertex point C in Figures 1 and 3. CET remains even below 45 ns, if x is between 0.02 and 

0.35. Example 5 (x=0.23) is situated on this tie-line. 

25 Comparative examples 9 to 14 (not according to the invention). 

Table 2 summarises the results of examples not according to the invention. 
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Table2 

CET Ge; Sb Te 

(ns) (a;t.%) (at.%) (at.%) 

9 66 24~00 22.29 53.71 

10 125 25~60 .. :. 21..60 5280 

11 60 25~~0 19.53 55.17 
; 

12 63 24.30 21.00 54.70 
: ~ 

13 56 22.70 22.iQ ~5.10 

14 54 22;10 23.00 54.90 

These examples show a CET-value higher than 50 ns. The compositions are 

·· · situated outside the are"' of pentagon ABCDE. and are indicated by a dot • · in Figure 3. 

5 According io the invention, a rewritable phase-change optical information 

medium is provided with a CET"-Value of 50 ns or less, which is suitable for direct overwrite 

· and high-speed recording, such •as DVD+RW. DVD-red and ~lue. 
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CLAIMS: 

I If II' IHI~ Diii 111111111 
M S * 

1. A rewritable optical information medium for high,...speed recording by means of 

a laser-light beam, said medium comprising a substrate canying a stack of layers, which stack 

comprises, in this order, a first dielectric layer, a recording layer of a phase-change material 

comprising an alloy consisting of Ge, Sb and Te, a second dielectric layer and a metal mirror 

5 layer, characterized in that 

10 

- the alloy has a composition defined by an area in the ternary composition diagram Ge-Sb-Te 

in atomic percentages, said area being of pentagonal shape having the following vertices: 

Ge2uSb20.2 Tess.2 (A) 

Ge23.sSb19.2 TCs?.3 (B) 

Ge20.sSbzo.sTes9.o (C) 

Ge1uShn.6 Tesa.6 (D) 

Gezo.1 Sbn.1 Tesu (B); 

15 -the first dielectric layer having a thickness of70 to (7o+A/2n) nm, 

20 

25 

wherein A. is the wavelength of the laser-light beam, and n is the refractive index of this layer; 

- the recording layer having a thickness of 10 to 35 nm; 

- the second dielectric layer having a thickness of 10 to 50 nm; 

- the metal mirror layer having a thickness of 60 to 160 nm. · 

2. An optical information medium as claimed in Claim 1, characterized in that the 

alloy has the composition: 

(Ge2Sbi Tes)1-x Tex. wherein the molar fraction x satisfies: 

0.01 S x S 0.43, preferably 0.02 S x S 0.35. 

3. An optical information medium as claimed in Claim l, characterized in that the 

recording layer has a thickness of 20 to 35 nm, preferably 25 to 35 nm. 
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4. An optical information medium as claimed in Claim 1, characteri7.ed in that the 

second dielectric layer has a thickness of 20 to 40 run. 

S. An optical information medium as claimed in Claim 1, characterized in that the 

5 metal mirror layer has a thickness between 80 and 120 nm • 

6. . An optical infonnation medium as claimed.in Claim 1. characterized in that the 

metal mirror layer couiprises at least one of the metals .selected from a group consisting of Al, 

Ti, Au, Ag, Cu, Pt, Pd, Ni, Cr, Mo, W and Ta, including alloys of these metals. 

7 .. An optical infol1Jllltion medium as claimed in Claim 1, characterized in that the 

substrate is a disc or a tape. 

8. An optical infonnadon medium as claimec;l in Claim 1. characterized in that the 

15 recording layer is sandwiched between two additional carbide layers, both having a thickness 

between 2 and 8 run. 

9. Use of an ()ptical medium as clajmed in any one of the preceding Claims for 

high-:speed recording, the.relative velocity between the laser-light beam and the medium being 

20 at least 7 .2 mis. 


