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AES depth profiling was used to study the ZnS-SiO,/ Te-Ge-Sb / ZnS-SiO, layers of an optical
disk. We report electron beam-induced damage of the ZnS-SiO, protective layer. Desorption of S
and diffusion of Zn induced by electron irradiation results in increased surface roughness and
degradation of AES depth resolution. We also report that Ar" ion bombardment results in Zn
diffusion from the protective layer to the Te-Ge-Sb recording layer, as determined by XPS depth

profiling.

1. Introduction

A phase-change optical disk composed
of Te-Ge-Sb recording material is one of the
most promising optical storage devices, due to
its potential for high densities and large
overwrite-cycle numbers. The schematic
diagram of optical disk is shown in Figure 1. It
is important to estimate the layered structure by
AES depth profiling with a high depth
resolution. We must estimate diffusion at the
interface of the ZnS-SiO, protective layer and
the Te-Ge-Sb recording layer accurately, as it is
closely related to the reliability of the disk.

The combination of Auger -electron
spectroscopy (AES) and simultaneous ion-
beam sputter etching is widely used to obtain
elemental depth profiles. Many problems arise,
however, because of the interaction of the
electron and/or ion beam with the sample,
especially in the case of insulating
materials[1][2].

In this paper, we describe several
problems observed during depth profiling of an
optical disk, including deterioration of depth
resolution, changes in composition, and Zn
diffusion. We propose a mechanism,
demonstrating that electron beam heating
causes S desorption; and that Ar" sputtering
induces Zn diffusion. The mechanisms are
validated by AES and X-ray photoelectron -
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spectroscopy (XPS) depth profiling under
several different conditions.
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Fig. 1 The schematic diagram of optical disk
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2. Experimental

AES measurements were performed with
a JEOL JAMP-10s, using a primary electron
beam energy of 3 keV and an electron beam
current of 0.4 A, Ar” ion sputtering was done
with ion beam energies of 1 and 3 keV. and the
ion beam. The electron gun and the ion gun are
mounted 70 ° and 66.7 ° relative to the
surface normal respectively. Auger signal
measured here were Si LVV, S LVV, C KLL,
Sb MNN, Te MNN, O KLL, Zn LMM, Ge
LMM. These signals are detected in a
derivative mode lock-in amplifier with a 5eV,,
modulation.

XPS measurements were performed with
a PHI ESCA 5400MC, using MgKa radiation.
Ar" ion sputtering was carried out with an ion
beam energy of 3 keV. The ion gun is mounted
53" relative to the surface normal. XPS signal
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Figure 2. Schematic cross-sectional views of
samples

measured here were Si 2p, S 2p, Ols, Zn 2p, Sb
3d, Te 3d, Ge 3p. These peak intensities were
measured as peak areas after linear background
subtraction.

The abscissa of AES and XPS profiles
shows depth calculated with the sputter rate of
Si0,.

Model samples were prepared to
examine diffusion at the interface between the
protective layer and the recording layer. Two
types of substrates were prepared; silicon wafer
(with thermal oxide) and polycarbonate (PC)
disk. Three layers were deposited on the
substrate: 1) ZnS-SiO,, 50 nm thick; 2) TeGeSb,
20 nm thick; and 3) ZnS-Si0O,, 50 nm thick.
Cross-sectional views of the specimens are
shown in Figure 2.

To obtain depth profiles from the reverse
side, one half of a PC specimen was treated as
follows: 10 um-thick-Al metal was deposited
on top of the layers described above and the PC
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Figure 3. AES depth profiles of a ZnS-Si0O,/Te-
Ge-Sb/ZnS-Si0, film deposited (a)on a silicon
wafer and (b) on a polycarbonate (PC) substrate.
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Figure 5. A TDMS pyrogram of a ZnS-SiO,

substrate was then removed by treatment with
tetrahydrofuran (THF).

In order to evaluate the influence of
electron irradiation on ZnS-SiO, layers, 95 nm-
thick-ZnS-SiO, films were deposited on quartz
substrates.

3. Results and discussions

3.1 S desorption and Zn diffusion from the
ZnS-SiO, protective layer

Figure 3 shows AES depth profiles of a
ZnS-Si0,/Te-Ge-Sb/ZnS-Si0, film deposited
on a silicon wafer and on a PC substrate. Two
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Electron beam current density dependence of (a) peak heights and (b) sputter rate of a ZnS-

significant differences exist between these
profiles: 1) Depth resolution is degraded on the
PC substrate. AZ of upper ZnS-S102/Te-Ge-Sb
interface on PC increases about 25% over that
on Si.(AZ is the measured distance over which
a 84% to 16% change in S signal.) 2) The peak
heights of Zn and S in the ZnS-SiO, protecting
layer on the PC substrate are decreased in
comparison to those measured on the silicon
wafer. The measured S peak height on PC is
about 75% of that on Si.

The electron beam current density
dependence of the AES peak heights and the
sputter rate of a ZnS-SiO, film are shown in
Figure 4. The peak heights of both Zn and S
decrease, while Si and O peak heights increase
with increasing electron beam current density
on the sample surface. Additionally, the sputter
rate of the film increases with increasing
current density.

We believe that S is desorbed because of
electron beam heating. Figure 5 shows a
pyrogram from Thermal Desorption Mass
Spectrometry (TDMS) of a sample of ZnS-SiO,.
S was found to desorb at 300 °C. The results
shown in Fig.4(a) also support this hypothesis,
as the temperature of the analysis area was
found to increase with higher electron beam
density. The heat induced by electron beams is
greater on insulating samples than on
conductive samples. This explains why the S
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Figure 6. ZnS-Si0, AES profiles with (a) a raster scan electron beam and (b) a defocused spot
electron beam.
AES peak height was found to decrease on the
insulating PC substrate. No Zn desorption was —
detected in the TDMS pyrogram, so electron
beam heating is not responsible for the lower E
Zn AES peak height. Zn was found to be 2 f
accumulated at the ZnS-SiO,/PC interface as g
shown in the profile in Fig.3. We believe that, % ;
under these analytical conditions, Zn migrates £ ;
to the substrate due to electric field effects. ;
Ohuchi et al.[3] proposed a capacitance model % ;
for Na diffusion in glass under similar 3
conditions. The same mechanism can be used a——

to explain these results.

The plot shown in Fig.4(b) shows that
the sputter rate is enhanced by electron
irradiation. We believe that the inhomogeneity
of current density in the analysis area induces
surface roughness, and results in degradation of
depth resolution. Figure 6 shows profiles with
the electron beam in raster scan mode

compared to a defocused spot beam. Near the .

start point of the horizontal scan line, the
electron beam moves smaller distance than in
other areas during beam raster. This results in
areas that are exposed to higher current
densities. The profile collected with the
rastered beam shows a step at the interface, due
to these different current densities resulting in
different sputter rates. In contrast, the profile
obtained with a defocused spot beam has a
smooth profile at the interface. The electron
beam itself is known to have a distribution of
current densities. This results in some

AES Intensity (arb. units)
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Figure 7. XPS depth profiles of a ZnS-Si0,/Te-
Ge-Sb/ZnS-Si0, film deposited on a silicon wafer.
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Figure 8. AES depth profiles measured from the
reverse side.
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degradation of depth resolution. This is
especially true with insulating substrates such
as PC.

3.2 Zn diffusion into the Te-Ge-Sb recording
layer

Zn diffusion at the interface of the ZnS-
SiO, protecting layer and the Te-Ge-Sb
recording layer is observed even with films on
Si substrates (see Figure 3(a)). This
phenomenon is also observed in the XPS depth
profile shown in Figure 7.

Figure 8 shows the AES depth profile
measured from the reverse side. Zn is not found
at the lower Te-Ge-Sb/ZnS-Si0O, interface;
instead it is detected at the upper ZnS-SiO,/Te-
Ge-Sb interface (the interface of PC substrate
side as deposition). This indicates that Zn
diffusion occurs during the measurements.

We believe that Ar" ion sputtering
induces this Zn diffusion. It is known that alkali
ions present in glass migrate away from the
surface during positive ion bombardment[4].
The same mechanism can be applied in this
case: a positively charged surface layer induced
by the Ar” ion beam repels the Zn ions in the
protective layer. Zn then moves from the
protective layer and accumulates near the
substrate. Chemical reactions occurring at the
interface may also enhance Zn diffusion, since
the composition of the Te-Ge-Sb recording
layer is altered near the interface.

4. Conclusion
We have studied beam-induced artifacts

in AES depth profiles of Te-Ge-Sb optical
disks.

1.Electron beam irradiation results in S
desorption and Zn diffusion. These effects
result in changes in the measured AES peak
height values from the ZnS-SiO, layer during
profiling and an enhancement of sputter
etching. The primary electron beam current
density distribution induces surface roughness
during sputtering, resulting in the degradation
of AES depth resolution. This effect was
found to be enhanced with insulating
substrates.

2. Ar" ion bombardment causes Zn diffusion at
the upper ZnS-SiO,/Te-Ge-Sb interface. The

Zn diffusion is induced by a positively
charged surface layer produced by the Ar” ion
beam bombardment.
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