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A B S T R A C T

Phase change materials (PCM) based on nanostructure are attractive interest for non-volatile memory due to
their high data–storage density and low power consumption. Germanium antimony (Ge-Sb) quantum dots (QDs)
with tunable size and density have been fabricated on mica, silicon, and quartz glass substrates by magnetron
sputtering with inert gas condensation. The deposition time rate plays an important role in the formation of the
monodisperse or aggregate quantum dots. The dots’ morphology, in terms of size and density as observed by
atomic force microscopy (AFM) strongly depends on the deposition time rate. The size of QDs was observed by
(AFM) images topography between 1.6 and 3.2 nm. Raman spectroscopy measurements reveal that Ge-Sb
phonon at 250 cm−1 (Lo mode) and 220 cm−1 (To mode). Also, strong Sb-Sb crystallized peaks positioned at
about 145 cm−1 and 110 cm−1 is observed.

Introduction

Phase change flash memory is a potential technology that used
phase change materials [1]. Intensive research in the last few decades in
chalcogenide materials such as, GeSbTe [2], GeTe, GeSbS [3], and GeSb
[4] has attracted the researchers interest; because of the desirable
physical properties that utilizes the switching between amorphous and
crystalline phases. This properties makes the chalcogenide materials
important for various technological applications such as, optical storage
discs [5] and non-volatile random access memory (NVRAM) [6]. In
addition, phase change materials can store and retrieve data 100 times
faster than traditional flash memory [7].The operation of NVRAM uti-
lizes the properties of nanostructures such as nanoparticles and nano-
wires. These types of

NVRAM are suitable for next generation memories due to their
unique size-dependent properties. Nanomaterials engineering can pro-
vide smaller devices than those currently available in bulk materials.
Recently, one dimension (1-D) and zero dimension (0-D) nanostructures
has become core of research in nanotechnology due to their interesting
properties. These properties are essentially linked with low di-
mensionality and small diameters, which may lead to unique applica-
tions in different nano-scale devices such as high data storage [8], high
write and read speeds, and low power consumption [9]. In the last
decade, many different techniques were employed to produce chalco-
genide thin films and nanostructures with different sizes and shapes.

These techniques include: sputtering [10], thermal evaporation
[11],sol-gel [12], pulse laser [13], chemical vapor deposition(CVD)
[14], and magnetron sputtering with inert gas condensation (IGC) [15].
Among of these methods, the magnetron sputtering with (IGC) is very
attractive due to the tunable selected size of nanoparticles and density.
In addition, Magnetron sputtering with (IGC) method has advantage
compared to other techniques, because the elements with different
vapor pressures can be synthesized with good compositional homo-
geneity. Also, the conventional sputtering of thin films is done at very
low pressures (≅ −10 3 mbar), while the synthesize nanoparticles with
(IGC) are working at pressures of (≅ −10 1 mbar). Moreover, when
changing the gas pressure, the particle size can be changed which
cannot be achieved in thermal evaporation method [16].

In this paper, we present Raman scattering spectroscopy results for
Ge15Sb85 quantum dots that were deposited by magnetron sputtering
with inert gas condensation method. We could also provide information
regarding optimal deposition conditions for size and density of
quantum dots.

Experimental methods

The GeSb quantum dots (QDs) with different sizes were produced by
magnetron sputtering with inert gas condensation (Mantis Deposition
Ltd.). The depositions of QDs carry out on mica and Si substrates with
different time deposition (2 and 10 mints). In briefly, Ge15Sb85
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quantum dots (QDs) were fabricated by using a dc magnetron sput-
tering and inert gas condensation inside an ultra-high vacuum compa-
tible system (UHV). The system consists of source and main chambers
that are pumped down to a base pressure of 10−6 Pa. The QDs were
produced from a composite target that was fixed on the sputtering head.
Sputtering was operated by applying a dc voltage to the composite
target in the presence of Argon (Ar) inert gas. (Ar) was used to produce
the plasma required for sputtering, establish the inert-gas condensation,

and generate pressure gradient that enables QDs to travel from the
source chamber (high pressure) to the deposition chamber (low pres-
sure) [17].

To produce the QDs, a discharge power of 15W was used during
sputtering. The size of the quantum dots can be controlled by varying
the Argon flow rate used to condensate the sputtered atoms and the
distance between the target and the nozzle of the source (aggregation
length) [7,18]. In this work, the Argon flow rate used is 60 sccm, and
aggregation length L=50mm. The produced QDs were deposited on
different substrates fixed on a sample holder located in the main
chamber. The height and density of the deposited GeSb QDs were
analyzed using AFM (Nanotec S.L, Madrid). In order to get the phonon
vibration study of the GeSb quantum dots, an XploRA confocal Raman
microscope (Horiba JobinYvon, France) was used with laser excitation
of 532 nm.

Results and discussion

The AFM images and profiles of the samples surfaces reveal the
density and height of the produces Quantum dots for different deposi-
tion time. Fig. 1(a) represents AFM topographic image of quantum dots
on mica substrate for short time deposition, where distinct spherical
QDs and their dispersion are observed. Height analysis of the QDs is
shown in Fig. 1(b) and it was measured between 1.6 and 2.8 nm. Also,
Quantum dots as three dimensional projections for low density dis-
played in Fig. 1(c). Fig. 2(a) represents AFM topographic image of
quantum dots on mica substrate for long time deposition where one can
observe distinct spherical QDs and their aggregates. Height analysis of
these QDs shown in Fig. 2(b) and it was measured between 2.6 and
3.1 nm. It is noticeable that increasing the time of deposition leads to an
increase in the height of QDs and becomes more aggregated. In addi-
tion, QDs as three dimensional projections of high density displayed in

Fig. 1. 1 µm×1 µm AFM topographic image of Ge15Sb85 quantum dots on mica for short time(2min) deposition and low densities (a) and line profiles for the 2
separate quantum dots identified in the image at image a, (b). Three-dimensional projection of QDs (c).

Fig. 2. 1 µm×1 µm AFM topographic image of Ge15Sb85 quantum dots on mica for long time (6min) deposition and high densities (a) and line profiles for the 2
separate quantum dots identified in the image at a, (b). Three-dimensional projection of QDs (c).

Fig. 3. Raman spectra of Ge15 Sb85 Quantum dots deposited on Si substrate, and
inset Fig. Raman spectrum between 50 and 350 cm −1.
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Fig. 2(c).
In order to complement the topographic information provided by

AFM images and understand the crystallinity of GeSb, Raman spectro-
scopy experiments were performed. Raman spectroscopy is considered
one of the best methods for providing information about the crystal-
lization by probing laser to modify the surface of materials. Fig. 3 shows
Raman spectra of Ge-Sb quantum dots in low – frequency range. Raman
spectroscopy measurements reveal that Ge-Sb phonon is positioned at
250 cm−1 (Lo mode) and 220 cm−1 (To mode). Also, a strong Sb-Sb
peak is found at about 145 cm−1 and 110 cm−1. Huang and coworkers
showed that the crystallized eutectic Ge-Sb thin film strong Sb-Sb peaks
are found at about 150 cm−1 and 110 cm−1 which did not appear in
Raman spectra of the amorphous Ge-Sb thin films [19]. Furthermore, a
significant peak appears at 290 cm−1 assigned to Ge-Ge modes [20]. In
addition, there are features in Raman spectrum arises from Si substrate.
These consist of abroad peak at 480 cm−1 due to stretching modes of Si-
Si bonds and a sharp peak at 520 cm−1 due to the Si substrate.

Conclusion

Ge-Sb alloy QDs deposited on mica, Si, and quartz glass substrates
have been successfully fabricated by magnetron sputtering with inert
gas condensation. The Ge-Sb QDs have been characterized by Atomic
force microscopy and Raman spectroscopy techniques. The size and
density of Ge-Sb QDs can be varied by changing the deposition time.
Raman spectroscopy measurements show that strong Sb-Sb crystallized
peaks positioned at about 110 and 145 cm−1. The growth of phase-
change materials into nanostructures is very essential for nano-scale
device application, and our magnetron sputtering with inert gas con-
densation has demonstrated the potential solution compare to chemical
synthesis or top-down fabrication.
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