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1

Introduction

This deliverable, related to WP2, and specifically task T2.3, reports on the Metalorganic Chemical Vapor
Deposition (MOCVD) and analysis of core-shell phase change, chalcogenide nanowires (NWs) based
on the GeTe and Ge-rich Ge-Sb-Te, Sb2Te3 systems, obtained at CNR-IMM, Agrate Brianza, in order
to support Milestone MS4. Preliminary studies were carried out for the definition of a proper core
material, as well as initial conformal overgrowth tests, which were comprehensively reported in D2.2.
In the present deliverable, we report on the optimization of the growth parameters for the self-assembly
of Ge-(Sb)-Te core NWs and subsequent Sb-Te shell with suitable compositional properties by a
convenient selection of MOCVD precursors and growth conditions, leading to a controlled synthesis of
core-shell NWs. The obtained core-shell NWs were sent to other BeforeHand partners for structural
characterization (in particular to CNR IMM Catania, and CNR IMM Rome); the feedback was used to
optimize the deposition conditions.
Based on the feedback coming from the results that contributed to the achievement of MS4, the following
combination of materials to be studied for the deposition of the core-shell NWs were identified:
•
•

GeTe/Sb2Te3
Ge-rich Ge-Sb-Te/Sb2Te3

In both cases a couple of chalcogenide alloys with different and complementary PCM properties was
selected for the core NWs, GeTe and Ge-rich Ge-Sb-Te alloys were chosen, due to their relatively high
crystallization temperature (i.e. stability) while, for the shell, Sb2Te3, an alloy with fast phase change
switch properties, was selected.
In particular, Ge-rich Ge-Sb-Te turned out in the project to be the most performing alloy when inserted
in planar PCM devices and thus the one tested for the final demonstrator (WP5).
So, the results described in the present deliverable involve nano heterostructures with analogous
interfaces to those involved in the case of planar (i.e. thin films) heterostructures (D2.3) for the
investigation of PCM mechanisms in an ultra-scaled system.

2

NW synthesis by MOCVD: core self-assembly and shell overgrowth

2.1 Optimization of GeTe/Sb2Te3 and Ge-rich Ge-Sb-Te core-shell NWs
In D2.2 we described the optimization of core NWs and of the planar Sb2Te3 films, destinated to form
the shell material, along with preliminary conformal overgrowth tests. The main subsequent goal was to
combine the inner and outer materials and obtain core-shell NWs to be characterized. The growth
mechanisms were the Vapor-Liquid-Solid (VLS) mechanism catalyzed by gold nanoparticles (NPs) for
the core NWs and the subsequent MOCVD conformal overgrowth of the shell material, respectively. It
has to be underlined that it was not a trivial objective, and only one report was present in the literature
on chalcogenide NWs synthetized by CVD [1] and another one from our group on the single-step selfassembly of core-shell Ge/InTe NWs [2].
2.1.1

GeTe/Sb2Te3 core-shell NWs

Following our results reported in deliverable D2.2 on the various growth MOCVD conditions and
suitable precursors for the growth of GeTe, the first step of our investigation addressed the growth of
the GeTe core NWs on different substrates, namely Si(100) and SiO2 and using Au NPs catalysts of
different sizes (10, 20, 30, 50 nm). In particular, using the DiPTe and TDMAGe precursors, and
optimized growth conditions, i.e., T = 400 °C, P = 50 mbar, t = 60 min, DiPTe partial pressure = 8.58 ×
D2.5

p. 3 of 20

BeforeHand – 824957
10−3 mbar, TDMAGe partial pressure = 3.35 × 10−3 mbar, the growth of GeTe NWs was achieved with
a stoichiometric ratio of Ge:Te 1:1 and random orientation (see Figure 1(a) and (b)).

Figure 1: SEM images in (a) plan and (b) cross-section view of GeTe NWs [3].

Au catalyst NPs were observed at the NWs tips, confirming that the growth occurs via the VLS
mechanism. Also, SEM observations indicated that the NWs grew with a rather high density and were
unevenly distributed both on Si (100) and SiO2 substrates, with a certain dispersion in length and
diameter (see Figure 2 and Figure 3).
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Figure 2 : SEM images on MOCVD growth of high-density GeTe NWs using DiPTe and TDMAGe precursors
and 10, 20, 30 and 50 nm Au NPs on (a–d) Si (100), and (e–h) Si/SiO2, respectively; inset: single core GeTe NWs
with Au NP on tips [3].
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Figure 3: Histograms of the length distribution of the GeTe NWs on Si (100) using DiPTe and TDMAGe
precursors with 10, 20, 30 and 50 nm Au NPs, relative to samples of Figure S4 (a–d) [3].

The density of the NWs increased with increasing the Au NPs sizes. Also, larger NPs produced NWs
with larger diameters, consistently with the VLS growth mechanism, and no material growth was found
to occur without Au NPs. The effect of the Au NPs size on the diameter of the GeTe NWs is illustrated
in Figure 4.
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Figure 4: Statistical plot of the roughly estimated diameter distribution of the GeTe core NWs on Si (100) with
10, 20, 30 and 50 nm Au NPs [3].

The GeTe NWs were sent to other partners for detailed structural and morphological analyses (Table 1)
Growth

Code

Substrate Structure

Sent to

MOCVD

1023

Si, SiO2

Characterization at
CNR IMM Agrate
GeTe NWs SEM, XRD, TXRF

MOCVD

1024

Si, SiO2

GeTe NWs SEM, XRD, TXRF

CNR IMM
Rome
CNR IMM
Catania

Task
performed
Raman
STEM,
EELS

Table 1. Samples relative to GeTe NWs type exchanged with other partners and summary of the characterizations
performed.

CNR-IMM Rome Unit, performed an extensive micro-Raman Mapping in order to analyze the
vibrational modes of the deposited GeTe NWs. Figure 5(a) shows a large area bright-field optical image
of GeTe NWs on the SiO2 substrate with 20 nm Au NPs. The high magnification micrograph revealed
that the NWs have a length up to about 5 µm (Figure 5(b)). The two-dimensional (2D) map in Figure
5(c) was obtained over the entire region of Figure 5(b) by measuring a series of Raman spectra with a
step-size of 0.5 µm (see the red points indicating the measuring array in Figure 5(b)). The map’s colour
representation refers to a point-by-point correlation with the Raman spectrum, averaged over the full
length of the NW, identified on the upper part of the map and reported in Figure 5(d). The mean spectrum
reveals features similar to those of crystalline GeTe, confirming the well-defined crystalline structure of
the NWs. In particular, the peak at about 98 cm−1 assigned to the E mode is specific to the distorted
octahedral Ge sites, and it is not present in the amorphous material, while the two high-intensity bands
at about 126 and 142 cm−1 can be assigned to the A1 mode, attributed to vibrations of Ge atoms in
distorted and defective octahedral sites [5,[6]. Moreover, two more features at 276 and 300 cm−1 could
be identified in the spectrum and ascribed to Ge–Ge stretching vibrations, typically observed for Ge
nanocrystals [7].
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Figure 5: (a) Large- area optical image of GeTe core NWs on a SiO2 substrate with 20 nm Au NPs; (b) High
magnification micrograph localizing single NWs; (c) 2D Raman map acquired on the selected area of (b). The
colour representation refers to point-by-point correlation with the Raman spectrum, averaged over the full length
of the NW identified on the upper part of the map and reported in (d) [3].

On the other hand, the CNR-IMM Catania Unit carried out STEM and EELS measurements to validate
the core NWs.
The HR-TEM analysis confirmed that the NWs synthesized with Au NPs have a well-defined core-shell
structure, where the core is composed of single crystalline GeTe. Figure 6 shows a STEM micrograph
of a core GeTe NW with the Au nanoparticle still on the tip (Figure 6(a)). From the high-resolution
image of the NW portion, it is revealed that the core GeTe NWs are composed of a single crystalline
core, as depicted in Figure 6(b). In the inset of Figure 6(b), the relative orientations of the Fast-FourierTransform (FFT) patterns demonstrate the interplanar distances. By indexing this diffraction pattern, a
rhombohedral GeTe phase was recognized, consistent with recent studies of GeTe NWs and the XRD
results. EELS confirmed the presence of only Ge and Te along the whole NW, with a ratio compatible
with a 1:1 proportion of Ge and Te.

Figure 6: (a) STEM micrograph of an individual GeTe core NW; (b) enlarged view at a high resolution of the
NW portion indicated by a red square. In the inset, the indexed diffraction pattern is obtained as FFT of the image
in (b) [3].

In the second step of the core-shell fabrication, the GeTe NWs were coated with a Sb2Te3 uniform layer
using the combination of SbCl3 and DSMTe precursors, under the MOCVD growth conditions: T =
room temperature, P = 15 mbar, t = 90 min, SbCl3 partial pressure = 2.23 × 10−4 mbar, DSMTe partial
pressure = 3.25 × 10−4 mbar, leading to the conformal growth of a uniform and continuous layer on the
NWs core (see Figure 7) [8].
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Figure 7: SEM plan view images of GeTe/Sb2Te3 core-shell NWs grown on Si (100) with 50 nm Au NPs at different
magnifications. The growth durations were 60 and 90 min for the GeTe core and Sb2Te3 shell, respectively [3].

For the shell, it was necessary to lower the deposition temperature down to room temperature to obtain
the conformal NWs coating, although with a granular morphology. It was also possible to obtain the
Sb2Te3 coating at higher deposition temperatures, but this was detrimental to the conformality, since
different voids appeared and the tendency to form crystalline clusters was clearly enhanced. The
obtained core-shell NWs have overall diameters in the range of (80–130) nm (see Figure 8) and lengths
in the range of several microns. The presented results show that, by an appropriate selection of growth
conditions, a relatively high density of NWs (i.e., the efficiency of growth catalyzed by Au NPs) and
relatively good control in terms of reproducibility and dispersion of their morphology were achieved.

Figure 8: Statistical plot of the roughly estimated diameter distribution of the GeTe/Sb2Te3 core-shell NWs on
Si (100) with 10, 20, 30 and 50 nm Au NPs [3].

The results of the large-area XRD analysis on as-grown GeTe core NWs are presented in Figure 9(a).
The data were analyzed by Rietveld refinement, taking into account not only the peak position, but also
the existing background and peak broadening, using the open-source software Maud [9-[11]. The
patterns were simulated using the rhombohedral GeTe structure [12] and cubic Au [13]. The presence
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of cubic GeTe [14] cannot be excluded. The simulation of the diffracting maxima at a low angle allowed
us to extract the lattice parameters of the NWs, which resulted in being a = 8.28 Å and c = 10.55 Å.
Moreover, the different intensity of the low-angle diffracting maxima, compared to the powder pattern,
suggested that the NWs exhibit a preferential orientation. The data of the GeTe/Sb2Te3 core-shell
structures are presented in Figure 9b). Scattering from crystallized Sb2Te3 was evident, as shown by the
numerous diffracting maxima assigned to rhombohedral Sb2Te3 [15], with the following lattice
parameters, as extracted from Rietveld refinement: a = 4.22Å and c = 30.46Å. The Sb2Te3 crystals also
showed a preferential orientation, which was analyzed in more detail by HR-TEM analysis (see in the
corresponding section). A shoulder at the right side of the (015) reflection of Sb2Te3, a peak at around
2θ = 29.6°, could be attributed to the (202) main reflection of the GeTe structure, confirming that the
core GeTe NWs preserve their crystallinity after the Sb2Te3 deposition.

Figure 9: XRD patterns and corresponding simulations on (a) GeTe core and (b) GeTe/Sb2Te3 core–shell NWs.
The powder patterns of Au [13], GeTe [12], and Sb2Te3 [15] are also added for comparison [3].

Further, in order to confirm the structural and detailed morphological analysis, we sent the following
samples to the Work Package partners (Table 2):
Growth

Code

Substrate

MOST

1026

Si, SiO2

MOST

1028

Si, SiO2

Structure

Characterization Sent to
at CNR IMM
Agrate
GeTe/Sb2Te3 SEM, XRD,
CNR IMM
NWs
TXRF
Catania
GeTe/Sb2Te3 SEM, XRD,
CNR IMM
NWs
TXRF
Rome

Task
performed
STEM,
EELS
Raman

Table 2. Samples relative to GeTe/Sb2Te3 core-shell NWs type exchanged with other partners and summary of
the characterization performed.

More details about the local area analysis performed by TEM will be provided in D4.6.
Figure 10 shows the results of Raman mapping on the GeTe/Sb2Te3 core-shell NWs. A single NW was
localized and selected by means of optical microscopy in dark-field modality (Figure 10(a)) and then
mapped with a 0.5 µm step-size array of Raman spectra (Figure 10(b)). Figure 10(c) reports the spectra
corresponding to the Sb2Te3 background (black line, blue area of the map) and the NW (red line, green
to red contrast in the map). The background spectrum is characterized by 3 main features at about 69,
112, and 165 cm−1, associated with the A11g (LO), E2g(TO), and A21g(LO) modes of Sb2Te3, respectively
[[16-[18]. These peaks are also present in the NW spectrum, together with those already identified for
GeTe at 123, 141, and 273 cm−1 (slightly displaced with respect to those of Figure 10(d)).
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Figure 10: (a) Image of a GeTe/Sb2Te3 core–shell NW, acquired with the optical microscope in dark field
modality; the red points indicate the measuring array used to realize the 2D Raman map in (b). (c) Raman spectra
corresponding to the Sb2Te3 background (black line, and blue area of the map) and to the NW (red line, and green
to red area in the map) [3].

The above analyses demonstrated the effectiveness of the present approach in achieving a uniform and
conformal deposition of Sb2Te3 at room temperature onto the core GeTe NWs, while maintaining a
physically and chemically distinct interface, with minimum interdiffusion of the elements.
2.1.2

Ge-rich Ge-Sb-Te/Sb2Te3 core-shell NWs

Following the encouraging results obtained for the GeTe NWs, we performed a systematic growth study
to induce the incorporation of antimony into the GeTe nanowires, aiming at the synthesis of Ge-Sb-Te
NWs, possibly with a high Ge content. Here, we started from the growth conditions employed for the
GeTe NWs and started introducing Sb by firstly decreasing Te and then decreasing gradually Sb. We
also explored the deposition on both Si and SiO2 wafers with different Au NPs sizes (10, 20, 30, 50 nm).
Depending on the precursor choice and deposition condition, different NW morphology, density, and
compositions could be obtained from pure Ge to Sb2Te3 NWs (see Figure 11 and Figure 12). Table 3
summarizes the growth parameters related to SEM images displayed in Figure 11.

Figure 11: Plan view SEM images on MOCVD growth of Ge-Sb-Te alloy with 10 nm Au NP on SiO2 substrates
with the growth parameters mentioned in Table 3, respectively [4].
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MOCVD Temperature Pressure Time
TDMAGe
SbCl3
DSMTe
Growth
(°C)
(mbar) (min) Partial Pressure Partial Pressure Partial Pressure
Parameters
(mbar)
(mbar)
(mbar)

Figure 11
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

325
370
400
400
375
380
380
380

100
100
50
50
100
100
300
300

120
120
120
120
120
120
120
180

3.91 × 10−3
7.83 × 10−3
2.94 × 10−3
2.94 × 10−3
1.17 × 10−3
3.91 × 10−3
4.77 × 10−3
4.77 × 10−3

6.04 × 10−3
2.42 × 10−3
2.42 × 10−3
1.21 × 10−3
1.81 × 10−3
1.51 × 10−3
1.38 × 10−3
1.38 × 10−3

8.81 × 10−3
3.52 × 10−3
3.52 × 10−3
8.81 × 10−3
2.64 × 10−3
2.11 × 10−3
5.37 × 10−3
5.37 × 10−3

Table 3. Growth parameters corresponding to Figure 11 [4].

Figure 12 : Plan view SEM images on MOCVD growth of Ge-Sb-Te nanowires with 50 nm Au NP on Si(100) and
SiO2 substrates at T = 400 °C, P = 50 mbar, t = 60 min, TDMAGe partial pressure = 3.35 × 10 −3 mbar, (a-b)
SbCl3 partial pressure = 2.07 × 10−3 mbar, DiPTe partial pressure = 7.07 × 10−3, (c-d) SbCl3 partial pressure =
1.04 × 10−3 mbar, DiPTe partial pressure = 7.07 × 10−3 mbar, (e-f) SbCl3 partial pressure = 3.45 × 10−4 mbar,
DiPTe partial pressure = 7.07 × 10−3 mbar, (g-h) SbCl3 partial pressure = 1.73 × 10−4 mbar, DiPTe partial
pressure = 8.58 × 10−3 mbar, (i-j) SbCl3 partial pressure = 5.18 × 10−5 mbar, DiPTe partial pressure = 8.58 ×
10−3 mbar, respectively [4].

At T = 400 °C, P = 50 mbar, and t = 60 min, the NWs with the best morphological characteristics in
terms of length and density were achieved. Starting from this point, we obtained Ge-rich Ge–Sb–Te core
NWs, with varying the TDMAGe, SbCl3, and DiPTe bubblers’ partial pressures to 3.35 × 10−3 mbar,
5.12 × 10−5 mbar, and 8.58 × 10−3 mbar, respectively.
The TXRF analysis provided the expected results, with a high Ge concentration, as could be observed
in Table 4:
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Sample code
MOGST
1014_pSi(100)_C10
1014_pSi(100)_C20
1014_pSi(100)_C30
1014_pSi(100)_C50
1014_Si(100)/SiO2_C10
1014_Si(100)/SiO2_C20
1014_Si(100)/SiO2_C30
1014_Si(100)/SiO2_C50

Ge
0.58
0.71
0.75
1.07
5.49
2.82
5.86
14.65

Atomic %
Sb
0.37
0.50
0.37
0.46
2.36
1.76
2.56
5.86

Te
5
5
5
5
5
5
5
5

Table 4. List of the grown nominal Ge-Sb-Te NWs and the corresponding composition, as measured by TXRF
analysis.

The plan view SEM images on Ge-rich Ge–Sb–Te core NWs grown with 10 nm, 20 nm, 30 nm, and 50
nm Au NPs on SiO2 and Si (100) substrates demonstrated the formation of a good density of Ge-rich
Ge–Sb–Te NWs via the VLS mechanism (Figure 13). The obtained NWs on SiO2 were found to have
an average length and diameter distribution up to 1.40 µm and 100 nm, respectively (Figure 14).

Figure 13: Plan view SEM images on MOCVD growth of (a-d) Ge-rich Ge-Sb-Te core nanowires, and (e-h) Gerich Ge-Sb-Te/Sb2Te3 core-shell NWs with 10, 20, 30 and 50 nm Au NPs on SiO2 substrate, respectively [4].
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Figure 14: Statistical plot of the average length and diameter distribution of Ge-rich Ge-Sb-Te core nanowires
on SiO2/Si with 10, 20, 30 and 50 nm Au NPs [4].

Further, in order to confirm the Ge rich Ce-Sb-Te NWs, we sent the following samples to the other WP2
partners, see Table 5.
Growth

Code

Substrate Structure

Characterization Sent to
Task
at CNR IMM
performed
Agrate
MOGST
1025 Si, SiO2 Ge-rich Ge-Sb-Te
SEM, XRD,
CNR IMM STEM,
NWs
TXRF
Catania
EELS
MOGST
1027 Si, SiO2 Ge-rich Ge-Sb-Te
SEM, XRD,
CNR IMM Raman
NWs
TXRF
Rome
Table 5. Samples relative to Ge-rich Ge-Sb-Te NWs type exchanged with other partners and summary of the
characterization performed.

Figure 15(a) reports a bright-field TEM micrograph of a Ge-rich Ge–Sb–Te core NW with a size of 90
nm. The image shows that the Ge-rich Ge–Sb–Te NW has a smooth surface with a clearly evident Au
catalyst particle at the tip, again demonstrating the occurrence of the VLS mechanism during the growth
process. The selected area diffraction (SAED) pattern showed regular spot patterns, which further
confirmed the perfect single-crystalline nature of the NWs. This means that the NWs are made by a
single FCC Ge–Sb–Te crystal, as indicated by the respective SAED pattern taken on the trunk (Figure
15(b)). The EELS analysis confirmed an estimated composition of 35% Ge:10% Sb:55% Te throughout
the core NW (see Figure 16), corresponding to the atomic ratio of Ge:Sb:Te = 3:1:5. The obtained
composition had a higher Ge concentration with respect to the stoichiometric GST 2:2:5.
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Figure 15: Bright-field TEM micrograph of a Ge-rich Ge-Sb-Te core NW on SiO2 substrate (a) and the relative
SAED patters (b), showing a FCC phase [4].

Figure 16: STEM image of a Ge-rich Ge-Sb-Te core nanowire portion (a) and its corresponding EELS spectra
for Ge L-edge (b) and Sb-Te M-edge (c) [4].

As in the case of GeTe NWs, these Ge-rich Ge–Sb–Te NWs were coated with a Sb2Te3 layer, under the
MOCVD growth conditions: T = room temperature, P = 15 mbar, t = 90 min, leading to the conformal
growth of a uniform and continuous layer all over the core NWs. Figure 17 shows the planar and crosssectional SEM images for Ge-rich Ge–Sb–Te NWs before (Figure 17 (a) and (b)) and after the coating
by Sb2Te3, thus obtaining Ge-rich Ge–Sb–Te/Sb2Te3 core-shell NWs (Figure 17 (c) and (d)), catalyzed
by Au NPs of 50 nm size. Interestingly, the SiO2 surface exhibited a decent density of NWs all over the
substrate (Figure 17 (a)).
The obtained Ge-rich Ge–Sb–Te/Sb2Te3 core-shell NWs exhibited a conformal overgrowth of about 30
nm, with approximate inclusive diameters ranging from 90 nm to 130 nm. The results showed that, with
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the appropriate growth condition selection, NWs with relatively high density and reproducibility can be
achieved.

Figure 17: SEM images in (a) plan, (b) cross-section view of Ge-rich Ge–Sb–Te core NWs; and (c,d) plan view
of Ge-rich Ge–Sb–Te/Sb2Te3 core-shell NWs on a SiO2/Si substrate, with different magnifications, respectively
[4].

Figure 18 shows a set of XRD patterns obtained for the Ge-rich Ge–Sb–Te core, and Ge-rich Ge–Sb–
Te/Sb2Te3 core-shell NWs on a SiO2 substrate. The Ge-rich Ge–Sb–Te core NWs exhibited broad
diffraction peaks centered at the 2θ values likely for the face-centered cubic (FCC), Ge2Sb2Te5 phases,
along with the presence of Au NP diffraction peaks (Figure 18 (a)). No presence of amorphous Ge was
detected in the NWs or additional structures, as investigated by SEM. Therefore, the Ge-rich Ge–Sb–Te
is crystallized in the cubic structure, with a lattice parameter value similar to that of cubic Ge2Sb2Te5.
The additional Ge is likely to be present as an interstitial element in the lattice, causing the spread of the
lattice parameter value, which is detected as the enhanced broadness of the diffracted maxima. It should
be noted that the cubic GST phase could be simply transformed into the hexagonal structure with a minor
atomic rearrangement during the transition process [19]. However, in Figure 18 (b), for Ge-rich Ge–Sb–
Te/Sb2Te3 core-shell NWs, the GST peak became less intense and narrower, while the diffraction peaks
from the Sb2Te3 phase were clearly obtained. This suggested that no structural disordering occurred after
the shell deposition.
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Figure 18: XRD pattern on (a) Ge-rich Ge–Sb–Te core NWs, and (b) Ge-rich Ge–Sb–Te/Sb2Te3 core-shell NW,
with 50 nm Au NPs on the SiO2/Si substrate, respectively [4].

Further, in order to confirm the Ge-rich Ge-Sb-Te NWs/Sb2Te3 and their structural and detailed
morphological characterizations, we sent the following samples to the other Work Package partners, see
Table 6.
Growth

Code

Substrate

MOST

1026

Si, SiO2

MOST

1028

Si, SiO2

Structure

Characterization Sent to
Task
at CNR IMM
performed
Agrate
Ge-rich Ge-Sb-Te/ SEM, XRD,
CNR IMM
STEM,
Sb2Te3 NWs
TXRF
Catania
EELS
Ge-rich Ge-Sb-Te/ SEM, XRD,
CNR IMM
Raman
Sb2Te3 NWs
TXRF
Rome

Table 6. Samples relative to Ge-rich Ge-Sb-Te/Sb2Te3 core-shell NWs type exchanged with other partners and
summary of the characterization performed.

More details about the local area analysis performed by TEM will be provided in D4.6.
Micro-Raman mapping was carried out on the deposited Ge-rich Ge–Sb–Te core, and Ge-rich Ge–Sb–
Te/Sb2Te3 core-shell NWs to analyze the vibrational modes, obtaining similar spectral results on both
SiO2 and Si(100) substrates. Figure 19 (a) shows the dark field optical image of Ge-rich Ge–Sb–Te NWs
identified with a Raman microscope on the Si(100) substrate, with Au NPs 50 nm in size. The Raman
map corresponding to the area indicated by the red rectangle is presented in Figure 19 (b) and was carried
out with a 0.5 µm step size. In Figure 19 (c), the mean spectrum calculated over the wire (green area of
the map) can be clearly distinguished from that obtained in the background (blue area of the map). The
NW Raman spectrum mainly showed two peaks at about 127 and 142 cm−1 and could be attributed to
the FCC-Ge2Sb2Te5 phase [20]. The obtained results are in good agreement with the XRD study, thus
the structural and vibrational analysis confirmed the FCC phase of the obtained Ge-rich Ge–Sb–Te NWs.
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Figure 19: (a) Optical image of a Ge-rich Ge–Sb–Te NW identified by Raman microscope on a Si (100) substrate
with 50 nm of Au NPs; (b) Raman map corresponding to the area indicated by the red rectangle in the optical
image; (c) Mean Raman spectrum calculated over the wire, green area of the map, compared with that obtained
on the background, blue area of the map [4].

Figure 20 shows the micro-Raman image obtained on the Ge-rich Ge–Sb–Te/Sb2Te3 core-shell NWs on
a Si(100) substrate with Au NPs of 50 nm size. A single NW was optically localized and selected by
Figure 20(a) and then spectrally mapped (Figure 20 (b)). Figure 20 (c) reports the mean spectrum
calculated over the NW (red area of the map), which shows three dominant peaks at about 69 cm−1, 112
cm−1, and 167 cm−1, associated with the A11g (LO), E2g(TO), and A21g(LO) modes of Sb2Te3, [16-[18],
in addition to those already identified for Ge-rich Ge–Sb–Te at about 127, and 142 cm−1.

Figure 20 : (a) Optical image of a Ge-rich Ge–Sb–Te/Sb2Te3 core-shell NW on a Si (100) substrate with 50 nm
of Au NPs identified by the Raman microscope; (b) Raman map corresponding to the area indicated by the red
rectangle in the optical image; (c) Mean Raman spectrum calculated over the wire, red area of the map [4].

The above-discussed results validate the capability of the presented method in achieving both highquality Ge-rich Ge–Sb–Te core NWs and a uniform Sb2Te3 shell, conformally deposited at room
temperature. This could be achieved while preserving a physical-chemical sharp interface, with
minimum elemental inter-diffusion between the two alloys, favored by the room temperature deposition
of the Sb2Te3 shell. These findings also indicate that a reaction between the residual Ge–Sb–Te precursor
and the Sb2Te3 precursor could be avoided and no undesired alloys were formed.
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3

Conclusions

We investigated and defined the conditions (in terms of substrates, catalyst, precursors type and
MOCVD growth conditions) for the controlled synthesis of core-shell nanowires. In particular, based on
the prerequisites defined in WP2, two types of such nanowires were synthetized formed by the
combination of the following materials: GeTe/Sb2Te3 and Ge-rich Ge-Sb-Te/Sb2Te3. Their structural
properties were also analyzed by serval advanced techniques and their characteristics were described.
Nanowires have single-crystal cores in the range of 60 to 100 nm and shells of about 30 nm thickness.
These are the smallest core-shell nanowires of PCM alloys so far reported.
The results described in this report are therefore available for providing these types of nanoscaled
chalcogenide heterostructures for test device fabrication and the functional characterization of their PCM
mechanism (WP3 and WP4).
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