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We investigated chemical states of a SboTe; thin film with the polycrystalline phase by

using high-resolution x-ray photoelectron spectroscopy with synchrotron radiation. The

Sb,Tes thin film was formed by sputtering. The rhombohedral phase was confirmed by x-ray

diffraction. To remove the surface oxide, we performed Ne' ion sputtering for 1 hour with

the beam energy of 1 kV and post-annealing at 100°C for 5 min in ultra-high vacuum. We

obtained the Te and Sb 4d core-levels spectra with the peaks at the binding energies of
40.4 and 33.0 eV, respectively. The full-width of half maximum of both the Te and Sb

4ds;, core-levels is 0.9 eV. The Te and Sb core-levels only show a single chemical state,

and we also confirmed the stoichiometry of approximately 2 : 3.
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I. Introduction

Chalcogenide phase—change materials have been
attracting much attention as promising materials for
non—volatile memories such as phase—change random
access memory (PRAM) because of the reversible
change in the electrical properties between amorphous
and crystalline phases [1]. Among the chalcogenide
materials, the GeTe—SbsTes pseudo—binary films have
been widely investigated as a candidate for the re—
writable optical disk and PRAM applications [1—-4],

In particular, the binary compound SbsTes shows
very high crystallization speed and low reset power be—

cause of its relatively low melting point, Although the
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low crystallization temperature (<100°C) prevents its
practical application in PRAM, doping with other ele—
ments is under scrutiny to improve the stability of the
amorphous phase [3,4]. Many research groups have fo—
cused on device fabrication, rapid crystallization, and
enhanced phase stability for PRAM application, To
support PRAM applications, we need to obtain and un—
derstand atomic and electronic structures of phase—
change materials, However, the chemical states of
phase—change materials has not been fully investigated
systematically, And it is also very difficult to obtain
exact chemical states of phase—change materials be—
cause these materials have rapidly an oxide con—

tamination with the thickness of 20 nm to exposure on
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the air [5-9]. Normally, we perform an Ar' ion sput—
tering in ultra—high vacuum to remove surface con—
tamination [10], However, it is difficult to remove the
surface oxide with the fitted stoichiometric surface in
these phase—change materials [11], In this PRAM re—
search, it is needed to find a good surface treatment
method [12,13],

In the present study, we examined amorphous and
polycrystalline phase of ShoTes by high—resolution
x—ray photoelectron spectroscopy (HRXPS) with syn—
chrotron radiation, Clean oxygen—free amorphous
SbeTes was obtained by Ne" sputtering to remove the
surface oxide and obtain the 2 : 3 stoichiometric sur—
face, and crystallization was performed by resistive
heating at 100°C for 5 min under ultra—high vacuum
(UHV). The differences between the chemical states

prior to and after crystallization were investigated,

II. Experimental Procedure

The ShyTes thin film was deposited by radio—fre—
quency magnetron sputtering on a Si wafer at room
temperature, We used a SbhoTes single target and Ar
gas, The base and working pressures are 1,2><1Of6
and 1,5 X107 Torr, respectively, The thickness of the
deposited ShyoTes thin film is 100 nm determined by
quartz crystal microbalance, The structural phase,
total thickness (100 nm), and the native oxide thick—
ness (20 nm) of the sample were confirmed by x—ray
diffraction (XRD) and secondary ion mass spectro—
scopy (SIMS). To remove the oxide layer formed on
the surface of the thin film sample when exposed to
air, the ShyTes sample was sputtered by Ne® (99.999%)
for 1 hour with the ion—beam energy of 1 kV under
the pressure of 1.0x10™° Torr [5-9]. The sputtering
time was long enough to remove all 20 nm thick oxi—
dized layers, For comparison, spectral data obtained
after 30 min sputtering time are provided, where a

strong oxygen trace is observed near Sb 3d spectrum
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(Fig. 2(a)). After ion sputtering for 1 h no trace of O
1s peak was observed and the Sb and Te spectral in—
tensities represented the desired stoichiometry, To
crystallize SbyTes, the oxygen—free ShyTes thin film
was annealed by resistive heating for 5 min at 100°C
under the pressure of 5_O><10_10 Torr, Also, the
chemical states of the obtained SboTes were inves—
tigated by HRXPS using the Pohang Light Source
(PLS) synchrotron at beamline 8Al (U7) [14]. The in—
cident photon energy was 250 eV, A PHI 3,057 with
an Omega lens and a 16—channel detector (Physical
Electronic Co,) was used as the electron analyzer,
The energy resolution was better than 200 meV, The
core—level spectra of the Te and Sb 4d were also
obtained, The binding energies were calibrated with

reference to the Au 4f 72 level (84.0eV) [15],

III, Result and Discussion

Fig. 1 showed the XRD diffraction pattern of ShoTes
which was sputtered with the Ne' ions with the beam

energy of 1 kV for 1 hour followed by post—annealing
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Figure 1. XRD diffraction pattern of Sb,>Tes thin film was
performed by the post—annealing for 5 min in
UHV after Ne* mild sputtering for 1 hour with
the beam energy of 1 kV,
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for 5 min in UHV, We confirmed that these peaks can
be attributed to the rhombohedral phase, which is
consistent with the previous observations [16,17],
Fig. 2 shows the Te, Sb 4d core—levels and valence
spectra, The core—level spectra of the as—received,
after sputtering for 30 min, and after 60 min sput—
tering followed by post—annealing for 5 min are
shown in Fig, 2(a), respectively. In the as—received
sample, the peak positions of the Sb—Te oxide are at
44,2, 41,5 and 34,7 eV of Te and Sb 4ds; core—
levels, respectively, We assumed that chemical states

of two Te oxides were originated from Te—O and
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Figure 2, (a) Te and Sb 4d core—levels and (b) valence
spectra of the as—received, the sputtering for
30 min and the post—annealing for 5 min after
sputtering for 60 min, The last spectrum of
core—level and valence was shown with the
only chemical states of Sb,Te; without the
impurities,
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Te—O—Sb included with Sb oxide, respectively [12,13],
These peak position values are close to GeaShyTes
with oxide on the surface [10], After mild Ne® sput—
tering for 30 min, the Te oxide core—level peaks at
44 2 and 41,5 eV disappeared while a new peak ap—
peared at 40,4 eV, Also, the Sb—oxide core—level
peak at 34.7 eV still remained, We assume that the
sputtering ratios of Te and Sb by Ne' ion sputtering
are different and also it was observed in GesSboTes
thin film of our old study [6,11], However, we can
notice the new peak at 33,0 eV for Sb 4ds;2 core—
level, After sputtering for 60 min followed by post—
annealing for Smin in UHV, we can observe clearly
the single chemical states of Te and Sb 4d core—levels
at 40.4 and 33.0 eV, respectively, We assumed that
these peaks were represented in their own stoi—
chiometry without any oxygen components [6], The
relative oxide peaks completely disappeared and the
peak shape was much sharper, The Te and Sb 4d
core—levels were enhanced with the large intensities
and fine shapes, The full-with of half-maximum
(FWHM) of both Te and Sb 4ds2 core—level peaks were
measured to be 0.9 eV,

In Fig, 2(b), the valence spectra of the as—received
and after sputtering for 30 min samples were shown
with typical oxide, Such a valence spectrum (at the
binding energies of ~5, ~8.,5, and ~14 eV in the
figure) showed a similar shape with that of the
Ge—Sb—Te alloy materials [7—9], We can observe the
peaks that correspond to the chemical states of Te 5s,
Sb 5s and their hybridization, After sputtering for 60
min followed by post—annealing for 5 min in UHV, we
can also observe the Fermi—edge, It means that the
oxide on the surface is completely removed and it has
a metallic property, We assumed that the Te 5p and
Sb 5p orbitals in the binding energy range of 0~6 eV
is mostly similar to the peak shapes reported by
Klein, et al [18,19]. We considered in these results
that there were consistent to our core—level

interpretations,
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Figure 3. Curve fitting data of Te and Sb 4d core—levels
in SboTes thin film was performed by the
post—annealing for 5 min in UHV after Ne*
sputtering for 60 min,

In order to analyze the spectrum in detail, curve
fitting was performed to the Te and Sb 4d core—level
spectra using convoluted Doniach—Stnji¢ curves,
which is shown in Fig, 3 [20]. The background noise
due to inelastic scattering was subtracted using the
Shirley (or integral) method [21], The Te and Sb 4d
core—level spectra illustrated the spin—orbit splitting
with the branching ratio of 2 : 3 for d orbital at 1.5
and 1,2 eV, respectively [15], The curve—fitting re—
sults were performed by using only a single chemical
state for both Te and Sb 4d core—levels,

The atomic percent of the elements was estimated
from the curve—fittings in Fig, 3, with the reported
values of the atomic sensitivity factor (ASF) and the
atomic subshell photoionization cross section (ASPCS)
[22]. The relative ASF and ASPCS values at 250 eV
photon energy are 1,00 : 1,23 and 0,7476 : 0,7741 for
Sb 4d . Te 4d, respectively, The measured area ratio
is 0,9488 : 1,5432 and the estimated atomic percent
ratio is approximately 18 : 32 for Sb : Te, confirming
the preservation of stoichiometry, A little less of Sb
concentration is likely due to the surface depletion of

Sb atom by the short post—annealing,
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IV. Conclusions

We performed the HRXPS measurement with syn—
chrotron radiation on a SbyTes thin film with the pol—
yerystalline phase, To remove the surface oxide on the
surface of the ShyTes thin film sample, we performed
the Ne' mild ion sputtering with the beam energy of
1 kV. The sample was subsequently annealed at 100°C
for 5 min in UHV, In this sample, we obtained the
chemical states of Te and Sb 4d core—level in the oxy—
gen—free SbeTes at the binding energies of 40.4 and
33.0 eV, respectively, This process restored the origi—
nal chemical states of SbeTes without the oxygen im—

purity while preserving stoichiometry,
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