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In this paper, the crystallization behaviour of amorphous GeaSbaTes thin films is investigated using differential

scanning calorimetry), x-ray diffraction and optical transmissivity measurements. It is indicated that only the amorphous

phase to face-centred-cubic phase transformation occurs during laser annealing of the normal phase-change structure,

which is a benefit for raising the phase-change optical disk’s carrier-to-noise ratio (CNR). For amorphous GeaSbaTes

thin films, the crystallization temperature is about 200°C and the melting temperature is 546.87°C. The activation

energy for the crystallization, F,, is 2.25eV. The crystallization dynamics for GezSbzTes thin films obeys the law of

nucleation and growth reaction. The sputtered GeaSbaTes films were initialized by an initializer unit. The initialization

conditions have a great effect on the reflectivity contrast of the GeaSbaTes phase-change optical disk.
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1. Introduction

In rewritable phase-change optical recording, a bit
of information is written by applying a short pulse
of a focused laser beam to a crystallized area of the
disk. This pulse increases the local temperature of
the storage layer above its melting point. When the
pulse ends, the molten spot cools at rates approach-
ing 109-10'° °C/s, and subsequently amorphizes. The
mark can later be identified by using the same fo-
cused laser beam at a much lower incident power to
measure the reflection (or transmission) of the spot
relative to its crystalline surroundings. Erasure is
achieved by exposing the film to intermediate levels
of laser power, raising the local temperature of the
storage layer above its crystallization but below the
melting temperature. The amorphous mark thus re-
crystallizes while the surrounding crystalline matrix
remains largely unaffected, and the optical contrast is
removed. The amorphization and crystallization be-
haviour of the storage layer is therefore of fundamental

importance to phase-change recording.

The GeSbTe amorphous thin film is extensively
used as optical memory material in the recording
layer of phase-change optical disk media such as com-
pact disk rewritable (CD-RW) and rewritable dig-

ital versatile disk-random access memories (DVD-
RAMs).

ferent methods, including atomic force microscopy

Extensive experimental studies using dif-

(AFM),!! transmission electron microscopy (TEM),[!
differential scanning calorimetry (DSC), x-ray diffrac-
tion (XRD),®~8 Raman spectroscopy!” and coher-
ent phonon spectroscopy,® have been conducted to
understand the crystallization phenomenon of GeS-
bTe phase-change material. But most of these use
the thermal-induced method to crystallize GeSbTe
phase-change material. Thermal-induced crystalliza-
tion shows a very low crystallization rate, which is
very different from laser-induced crystallization. In
this work, we used XRD, DSC and optical transmis-
sivity measurements to examine the crystallization be-
haviour of the GeySbyTes phase-change media. The
crystallization has been carried out using an initializer
subjected to various initialization laser powers and ve-
locities. We have also measured the reflectivity con-
trast of the disks.

2.Experiments

2.1. Disk preparation

Figure 1 shows a typical quadrilayer phase-change
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optical disk stack deposited on a 1.2mm thick poly-
carbonate substrate. The stack consists of a 110nm
thick lower dielectric layer (ZnS—SiOs), an X nm thick
GeySbyTes layer (here X=20nm for reflection con-
trast measurements and X=100nm for XRD mea-
surements), a 25nm thick upper dielectric layer (ZnS—

Si03), and a 70nm thick aluminium reflective layer.

Protective layer

Reflective layer (Al, 70nm)

Upper dielectric layer (ZnS:5i0;, 25nm)

Recording layer (GepSbyTes, Xnm)

Lower dielectric layer (ZnS:Si02, 110nm)

Polycarbonated disk substrate (1.2mm)

Fig.1. Structure of the phase-change optical disk.

2.2. Disk initialization

Disk initialization was performed in a POP120-5F
type initializer which was made by Hitachi Computer
Peripherals Co. Ltd, Japan. The wavelength of the
laser was 810nm and the laser beam spot size was
1pmx192pum (full width at half maximum (FWHM)
1800mW). The initialization mode is CLV mode. The
laser spot feed per rotation (radius) is 96um. The disk
was initialized either at various laser powers (P;=1000,
1150, 1300, 1450 and 1600mW) with a fixed initializa-
tion velocity (V;=4.2m/s) or with various initialization
velocities (V;=2.4, 3.0, 3.6, 4.2 and 4.8m/s) at a fixed
laser power (P;=1300mW).

2.3. DSC and XRD studies

To prepare the XRD samples, the disk was first
cut into small pieces using a pair of scissors. A 3M
scotch tape was applied to the disk to peel off the
upper dielectric and Al reflection layers. The resid-
ual part can be directly used for XRD measurements
(as shown in Fig.2). For XRD experiments, Cu K«
(A=0.15418 nm) radiation was used. The XRD pat-
tern of every sample was taken at room temperature
using a Rigaku D/MAX 2550V diffractometer.

The 200 nm thick GesSbyTes film was deposited
on a glass wafer by direct current magnetron sput-
tering at 0.6 Pa of Ar pressure. A differential scan-
ning calorimeter (Rheometric Scientific DSC-SP) was

employed to measure the crystallization and melting

temperatures of the amorphous films at heating rates
of 10, 30 and 50°C/min.

Recording layer (GezSby Tes, 100nm)

Lower dielectric layer (Z2nS:SiO;, 110nm)

Polycarbonated disk substrate (1.2mm)

Fig.2. Structure of the XRD samples of GeaSbaTes film.

The reflectance of the disk before and after ini-
tialization was measured using the UV /Vis/NIR spec-
trometer (model: Perkin Elmer, Lambda 900).

3.Results and discussion

3.1. The crystallization behaviours of the
Ge2Sb2Te5 film

3.1.1. Phase change of the GeSbTe system in
a disk sample

Figure 3 shows the XRD patterns for (a) the
180nm thick ZnS-SiOy film, (b) the as-deposited
GeaSboTes  film, and (c) the
GeySbyTes film (the initialization conditions: power
of 1300mW and velocity of 4.2m/s). In patterns (a)
and (b), no peak is observed and therefore the ZnS-

laser-crystallized

SiO5 and the as-deposited films are in an amorphous
state. What should be pointed out is that the broad
peak at about 17°(20) in all the patterns is caused
by the PC substrate just under the ZnS—SiO5 and the
GegShyTey films.
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Fig.3. Diffraction patterns of the (a) ZnS-SiO»

film, (b) as-deposited GeaSbaTes film, and (c) laser-
crystallized GeaSbaTes film.

The crystal structure of the GesSbyTes thin film

after initialization was identified as face-centred-cubic
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(fcc) NaCl type structure with a lattice parameter a
of 0.602nm. The corresponding indices are shown in
Table 1. It was indicated that the 4a site contains Ge
atom, Sb atom and vacancy, and the 4b site is fully
occupied by Te atom. The amount of vacancy is 20%
of all the 4a sites.l! It should be pointed out that the
laser-induced crystallization of the GesSbyTes film is
very different from the thermal-induced one. When
the GeySbyTes film is annealed from room temper-
ature to 400°C, the amorphousness to fcc crystalline
and the fcc crystalline to hexagonal close-packed (hcp)

[10,11] Tt was also in-

crystalline transformations occur.
dicated that the fcc structure was the metastable
phase and the hcp structure was the stable phase. But
only the amorphous phase to fcc phase transformation
occurs during laser annealing of the normal phase-
change structure because the phase transforming from
fce to hep will be forbidden after the heating rate ex-
ceeds the laser writing rate.[''] This phenomenon may
explain the high carrier-to-noise ratio of the fcc struc-

ture obtained by laser annealing.

Table 1. Index results of x-ray diffraction pattern of
GeaSbaTes crystalline.

{hkl} 111 200 220 222

260/(°) 25.65 29.62 42.56 52.62
d/nm 0.347 0.302 0.212 0.174
a/nm 0.601 0.604 0.600 0.603

3.1.2. The crystallization thermodynamics of
Ge,Sb,yTes film

Figure 4 shows the crystallization and melting
temperatures corresponding to the peak of the differ-
ential signal in the DSC. The values of crystallization
temperature increase as the heating rate increases:
197.16°C at 10°C/min; 206.61°C at 30°C/min; and
212.00°C at 50°C/min. The melting temperature is
about 546.87°C. Three different crystallization tem-
peratures at different heat rates were plugged into the
Kissinger plot to calculate the activation energy for
the crystallization.

For a constant heating rate, @=dT/dt, the

Kissinger equation is
In(v/T?) = ~E,/(kT) + A (1)

where v is the heating rate, T" is the crystallization
temperature, F, is the activation energy, k is the
Boltzmann constant, and A is a constant. A plot of
In(v/T?) against 1/T yields a straight line (see Fig.5).

The activation energy for the crystallization, F,, was
calculated from its slope and turned out to be 2.25eV.
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Fig.4. DSC curves for GezSbyTes thin films at three
different heating rates.
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Fig.5. Kissinger plots for the GeaSbaTes thin film.

3.1.3. The crystallization dynamics of the
GeySbhyTes film

Figure 6 shows the temperature transmissivity
cure at a heating rate of 10°C/min for the 20nm thick
single-layer film covered by a 50nm thick ZnS-SiO,
film. The wavelength used for transmissivity measure-
ments is 650nm. The transmissivity of the Ge;SbhoTes
film begins to decrease at about 150°C, which indi-
cates that the crystallization has begun before the
temperature approaches the crystallization tempera-
When the temperature is higher than 200°C,

the crystallization has completed because the trans-

ture.

missivity is almost constant. The curve exhibits an
abrupt transmissivity change in a narrow tempera-
ture range. This phenomenon should correspond to
the melting process of the Ge;SboTes film. When the
temperature is in the 570-610°C range, the transmis-
sivity again remains constant and the melting is over.
Finally, the transmissivity increases greatly due to the

evaporation of the GesSbyTey film.
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Figure 7 shows the “low”-temperature (180°C)
crystallization behaviour of GesSbsTes. The sam-
ple is the same as that used in Fig.6. The wave-
length used for the transmissivity measurement is also
650nm. The pattern is classified into two categories.
In the first stage, the transmissivity decreases slowly
and this transmissivity change may corresponds to the
nucleation. After the GesSbsTes film has been heated
for about 340 seconds, the curve exhibits an abrupt
transmissivity change in a very narrow time range,
and this indicates that the grain growth occurs in the

second stage.
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Fig.7. Transmissivity versus time cure for the single

G628b2T65 film.

Figure 8 is the degree of crystallization versus
time cure for the single Ge;SbyTes film that deviates
from Fig.7. The relationship between T and the de-
gree of crystallization y of a sample is assumed to be

linear
T, - T

—_— 2
| @

where T,, T. and T are the transmissivities for the

x(T) = ‘

amorphous state, crystallization state and the state

Time/s

Fig.8. Degree of crystallization versus time cure for

the single GeaSbaTes film.

3.2. Reflectivity contrast

Figure 9 gives the reflectivity contrast of the
GeySbyTes phase-change optical disk at wavelengths
of 780, 650 and 430 nm, which correspond to the wave-
lengths of CD, DVD and the forthcoming HD DVD,
respectively. The reflectivity (optical) contrast is de-
fined as!:12l

AR(%) = [(Rc - Ra)/Rc] X 100%5 (3)

where R. and R, are the reflectivities of the crys-
talline state and the as-deposited amorphous film, re-
spectively. It was found that the reflectivity contrast
changes greatly at different wavelengths and initializa-
tion conditions. The reflectivity contrast ranges from
about 30% at 430nm to about 67% at 650nm and
to about 50% at 780 nm. On the whole, the reflec-
tivity contrast decreases as the initialization velocity
When the

initialization velocity is constant, the reflectivity con-

increases at a fixed initialization power.

trast increases as the initialization power increases at
a lower velocity. In contrast, it decreases as the ini-
tialization power increases at a higher velocity. This
phenomenon arises from the degree of crystallization
at different initialization conditions. Different crystal-
lization fractions give different reflectivity contrasts.
From Fig.9 it can be seen that the maximum modula-
tion (R¢-R.)/R. could be achieved if the initialization

condition is carefully chosen.
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Fig.9.
and reflectivity contrast of the GeaSbyTes phase-change op-
tical disks at (a) 430, (b) 650 and (c) 780nm.

Relationship between initialization power/velocity

4. Conclusion

We have investigated the crystallization be-
It is
indicated that only the amorphous phase to fcc phase

haviours of the GeySbyTes phase-change film.

transformation occurs during laser annealing of the
normal phase-change structure, which is beneficial for
raising the CNR of the phase-change optical disk.
The phase transformation from fcc to hcp does not
occur in laser heating, but occurs during the heat-
induced phase-change process. For the amorphous
GesSbyTes thin film, the crystallization temperature
is about 200°C with an activation energy for the crys-
tallization, F,, being 2.25e¢V and the melting temper-
ature is 546.87°C. The crystallization dynamics for
the GesSbyTes thin film obeys the law of nucleation
and growth reaction. The initialization conditions
have a great effect on the reflectivity contrast of the
GeySbyTes phase-change optical disk. It is indicated
that with a low velocity the reflectivity contrast in-
creases as the initialization power increases, while it
decreases with a high velocity. It also decreases as the
initialization velocity increases. Also the reflectivity
contrast is very different when the measurement wave-
length ranges from 400 to 900nm. There are many
factors affecting the reflectivity contrast, including the
crystallinity, the crystalline phase, the disk structure,

and so on.
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