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Abstract

Nitrogen and oxygen doped and co-doped GeSbTe (GST) films for phase-change optical recording are investigated. It is found that the
crystallization temperature increased as well as the crystalline microstructure refined by doping. The carrier-to-noise ratio (CNR) and erasability
of phase-change optical disks are improved being up to 52 and 35 dB, respectively, by using an appropriate nitrogen doping or co-doping
concentration in the recording layer. Optical disks with co-doped recording layer are found to be superior in the recording characteristics then
the single doped recording layer disks.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The phase-change optical recording technology utilizes
the reversible structural change between amorphous and
crystalline state of certain materials mainly based on chalco-
genide alloys and compounds[1]. GeSbTe system materials
[2,3] possessing both the amorphous state stability and high
crystallization speed are found to be very suitable for appli-
cation in phase-change optical recording.

The most important goals in the research of phase-change
optical recording are a continuous increase of the recording
density, data rate and overwrite cyclability[4]. It is how-
ever highly desirable these improvements to be achieved
using disks with a simpler stack structure. The recording
layer material composition optimization by means of reac-
tive sputtering is a common method for achieving better disk
performance. It was reported that nitrogen[5] and oxygen
[6] addition to GeSbTe (GST) recording material increases
overwritability and effectively prevents the initial jitter in-
creases in phase change optical recording disks. However,
since these two gases possess very different reactivity, it is
rather difficult to control the doping concentration in the film
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and/or the sputtering rate. In our previous study[7], we use
co-doping in order to combine the influence of both oxygen
and nitrogen on films physical properties and recording me-
dia performance. The goal of present research article is to
compare the effect of single oxygen or nitrogen doping and
double doping on GeSbTe recording medium properties.

2. Experimental details

GST films containing oxygen or nitrogen and both,
denoted hereinafter as GSTO, GSTN, and GSTON films
respectively, were prepared by reactive RF magnetron sput-
tering of Ge21Sb26Te53 target in the presence of oxygen
and/or nitrogen as reactive gases in the sputtering cham-
ber. The crystallization temperatures (Tx) were obtained
from the reflection changes monitoring during constant rate
(50 K/min) heating. The films were annealed at 473 K for
20 min for X-ray diffraction (XRD) measurements. The
measurements were performed on a diffractometer operated
at 40 kV and 40 mA. Cu K� radiation with λ=1.54056 Å
has been used. Data were collected in Bragg-Brentano
mode and grazing incidence angle of 1◦ within the range
of 2� from 20◦ to 60◦. Simple quadrilayer disk structures
ZnS–SiO2/doped-GeSbTe/ZnS-SiO2/Al alloy were consec-
utively sputter-deposited onto pre-grooved polycarbonate

0921-5107/$ – see front matter © 2003 Elsevier B.V. All rights reserved.
doi:10.1016/j.mseb.2003.10.110



108 D. Dimitrov, H.-P.D. Shieh / Materials Science and Engineering B107 (2004) 107–112

disk substrates for dynamic testing experiments. The dy-
namic testing evaluation of the recording/erasing character-
istics was performed using a laser tester with a wavelength of
660 nm and a 0.6 NA lens at a disk rotation speed of 5.8 m/s.

3. Results and discussion

3.1. Crystallization temperatures

Fig. 1 shows the reflectivity changes during constant rate
heating of a number of GeSbTe co-doped films. Oxygen and
nitrogen flow contents during sputtering expressed in cubic
centimeters per minute (sccm) at Ar flow of 100 sccm andTx
of as-deposited films are also shown inFig. 1. Tx, measured
as the temperature at the middle of the sharp reflectivity drop
during heating, increases gradually from 410 to 448 K with
increase of the co-doping gases concentration. The crystal-
lization temperature dependence on the doping content in
thin films is shown inFig. 2. The crystallization tempera-
ture increases almost proportionally to the doping concen-
tration. Oxygen is more effective for increasing of theTx
probably due to the higher reactivity and melting point and
crystallization temperature of oxides formed in the films. It
is widely supposed[8] that in general the long-term stabil-
ity of the amorphous phase against crystallization increases
with increased melting temperature. The crystallization tem-
perature on the other side is found empirically to fall in the
range of 1/3 and 2/3 the melting temperature[9]. It was fur-
thermore established[10] that materials, which crystallize
at more than 423 K (10 K/min heating rate) are preferable to
ensure archival stability of the amorphous data. Finally the

Fig. 1. Reflectance changes during constant rate heating for determination of the crystallization temperatures of doped GeSbTe films.

Fig. 2. Crystallization temperatures dependence on the flow ratio of N2

(O2) or (N2+O2) gases to Ar gas.

glass transition temperatureTg, which is a measure for the
stability of the amorphous state, is typically 50–70% ofTx.

3.2. Film structure

XRD measurements are shown inFig. 3. Few lines are
visible for either of the thin films, indicating high symmetry
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Fig. 3. X-ray diffraction (XRD) patterns of crystallized GST, GSTO, GSTN, and GSTON thin films.
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in the lattice. The crystal structures of GST, GSTO, GSTN,
and GSTON after annealing are similar to each other and
are best described using a face-centered cubic (fcc) lattice
symmetry. These simple structures with a high degree of
symmetry are believed to be prerequisite for a rapid crystal-
lization [11]. Moreover, in a system having a high degree of
symmetry most positions in the crystal lattice are equivalent.
Since constituent atoms can occupy almost any lattice posi-
tion the atomic motion needed for a phase change is reduced
thus the crystallization speed increases. The line widths in-
crease with doping suggesting a grain refinement in doped
films. We can assume that doped films probably possess a
higher number of nuclei during crystallization than GST.

3.3. Measurements of the optical disks recording
characteristics

Recording characteristics of several disks with different
recording layer compositions prepared using the sputtering
conditions shown inTable 1were measured. Accordingly,
the disks were labeled as GST, GSTO, GSTN, and GSTON
(411, 412, 413, and 416). The carrier-to-noise ratio (CNR)
dependence for 1.5 T marks on the peak writing power for
disks with different oxygen and nitrogen concentration (re-
spectively, different O2 + N2/Ar ratio during reactive sput-
tering of a GeSbTe target) in the recording layer is shown
on Fig. 4. CNR of disks with oxygen and nitrogen doping is
comparable with those of GST disk. Moreover using a very
small co-doping (disk sample 411, seeTable 1), it is possi-
ble to increase CNR up to 52 dB. Technologically important
is also the increased power range for obtaining a maximal
CNR in oxygen and nitrogen co-doped disks. Furthermore
the threshold power for obtaining the adequate CNR level,
for instance 45 dB, is clearly reduced in most of the doped
disks. Fig. 5 shows the dependence of erasability on the
bias power. Measurements were carried out after repeating
alternate overwrites of 3 and 11 T marks. The erasability
of co-doped disks is appreciated higher than in those GST
disks. Up to 5 dB increases of the erasability was obtained in
co-doped disk 411. The threshold bias power for obtaining
a maximal erasability also decreases with co-doping.

Table 1
Sputtering conditions for preparation of GeSbTe film doped with oxygen,
nitrogen and co-doped with both oxygen and nitrogen

Sample ID O2/Ar (sccm) N2/Ar (sccm) O2+N2/Ar (sccm)

GST – – –
GSTO 0.2/100 – –
GSTN – 0.2/100 –
GSTON(411) – – 0.1+ 0.1/100
GSTON(412) – – 0.3+ 0.1/100
GSTON(413) – – 0.1+ 0.3/100
GSTON(414) – – 0.5+ 0.1/100
GSTON(415) – – 0.1+ 0.5/100
GSTON(416) – – 0.3+ 0.3/100
GSTON(417) – – 0.5+ 0.5/100

Fig. 4. CNR dependence on peak power for disks with nitrogen and
oxygen co-doped recording layer.

Next the CNR and erasability characteristics of disks
using single oxygen or nitrogen doping were compared
with those of double-doped disk. The measurements con-
ditions were the same as stated above. It is clearly seen
from Figs. 6 and 7that nitrogen and oxygen doping and
co-doping lead to improvement of the recording/erasing pa-
rameters of the disks. The CNR and erasability behavior on
the laser power for the nitrogen doped and co-doped disks

Fig. 5. Erasability dependence on the bias power for disks with nitrogen
and oxygen co-doped recording layer.
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Fig. 6. CNR dependence on the peak power for disks with different
doping in the recording layer.

are nearly the same. However, both CNR and erasability
as well as the necessary peak power and bias power for
obtaining the suitable levels of the CNR and erasability of
GSTON disk (411) are slightly superior then those in the
single doped disks. Hence by using a small co-doping con-
centration the recording characteristics of the disks can be
improved even further in comparison with the single doped
recording layer disks.

Fig. 7. Erasability dependence on the bias power for disks with different
doping in the recording layer.

The reduction in threshold peak writing power and bias
power could be associated with increasing of the record-
ing sensitivity [12] by oxygen and nitrogen co-doping. It
is supposed[13] that nitrides and oxides are formed in the
co-doped material and they reduced the thermal conduc-
tivity of the recording layer leading to improved record-
ing and erasing sensitivity. Furthermore small doping frac-
tion is effective in increasing the crystallization speed most
probably due to the enhanced nucleation rate. Indeed trans-
mission electron microscopy (TEM) and X-ray diffraction
(XRD) measurements[7,14] show that the number of crys-
tal grains increase while the crystal size decreases as the
nitrogen or co-doping content increases. The opposite ten-
dency however is reported[15] for GeSbTe films doped
with oxygen. It is supposed that nitrides and/or oxides con-
densed at the grain boundaries of the GeSbTe microcrys-
tals thus forming a thin film. During the melting for amor-
phization these nitrides/oxides, usually having high melting
points, remain in a solid state and suppress the micro ma-
terial flow phenomena in GeSbTe. Nitrides and oxides have
lower thermal conductivity than GeSbTe and the overall ther-
mal conductivity of the recording layer decreases with ni-
trogen/oxygen concentration. This will lead to suppression
of the heat diffusion produced by laser irradiation of the
recording layer and increase in the sensitivity of recording
and erasing. The function of nitrogen and oxygen atoms in
the recording layer and the mechanism of recording/erasing
characteristics improvement as proposed in[12]and [14]
could also explain the effect of co-doping observed in our
experiments.

4. Conclusions

Oxygen and nitrogen doped and co-doped GST films
possess higherTx than undoped GST and fine crystalline
microstructure, which are beneficial for phase-change op-
tical recording applications. Recording characteristics of
optimized disk structures are being measured using dy-
namic tester and it is found that recording sensitivity and
erasability are improved by co-doping of oxygen and ni-
trogen into GeSbTe recording layer, while the CNR being
almost the same for nitrogen doped and co-doped disks.
Hence the co-doped recording layer disks possess supe-
rior characteristics than the disks with single oxygen or
nitrogen doping in the recording layer. The possibility for
further improvements exists by additional optimization of
the sputter-deposition process, recording layer composition
and disk multilayer structure.
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