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Germanium nanowires (GeNWs) were synthesized using chemical
vapor deposition (CVD) based on vapor-liquid—solid (VLS)

mechanism with Au nanoparticles as catalyst and germanium
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Germanium nanowires were deposited on silicon wafer as a thin film, firstly by sputtering
CVD method technique and secondly by submerging the silicon substrates in Au

Au catalyst colloidal solution, which resulted in Au nanoparticles with different

Carrier gas composition sizes. GeNWs were synthesized at 400 °C, which is a low

temperature for electrical device fabrication. Effect of different
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1. Introduction

In the last decade, one-dimensional (1D) nanostructures such as nanowires and nanotubes,
nanostructures have been widely studied as because of their unprecedented properties, have
promising materials for nanoelectronic, and attracted a great deal of attention [5-11].
photovoltaic  applications  [1-4].  These Compared with silicon as the most prominent

material in electronic industry, germanium, having
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higher carrier mobility and lower band gap, has
received great interest and offers noticeable
applications [12-14]. Germanium nanostructures
such as GeNWs

semiconductor nanostructures [15], and excessive

are amongst the first reported

amount of researches have been devoted to their
characterization and improving the preparation
methods. To synthesis GeNWs, various methods
have been reported using Au nanoparticles,
including CVD, physical vapor deposition (PVD),
electron beam evaporation and solvothermal
reactions [16-21].

CVD method is one of the most successfully
developed

techniques to synthesize one-

dimensional nanostructures, and it is very
favourable method to produce carbon nanotubes.
In this

decomposed to feed into the catalyst particles, and

technique, reactive materials are
after reaching to the supersaturated condition,
nanowires begin to sprout from the bottom of
supersaturated catalyst particles. Compared to
in CVD

parameters can be adjusted in order to prevent the

other methods, technique growth

non desirable reagents to deposit on the
nanostructures sidewall, meanwhile nanowires
location can be specified by managing the catalyst
particles location [5]. This mechanism is fulfilled
in a horizontal quartz tube. To gain more control
on the morphology of the products, one approach
is to employ catalyst particles as a preselected
deposition sites, which causes the nucleation and
growth of nanotubes or nanowires by the VLS
growth process [22, 23]. Gely (germanium iodide)
or GeH; (Germane) are usually consumed as
germanium source, however in this work we have
used GeCly (germanium tetrachloride) as feeding
stock which is much unharmed than Germane, and
synthesis process can be performed in none high

vacuum equipments [24].
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2 Experimental

CVD method was
GeNWs, the gas flow was regulated by mass flow
controller (MFC) from Brooks, and Si wafer (100)
was used as substrate. Si substrates were cleaned

employed to produce

with immersing in acetone, ethanol and HF (5 M)
and DI water for 10 min, respectively. Au catalyst
was deposited on substrates with two techniques.
Using the first method, it was deposited by
sputtering technique with 5 nm thickness, and then
the samples were treated at 500 °C for 10 min in
Ar atmosphere. By the second technique, the
substrates were immersed in 3-
aminopropyltriethoxysilane (APTES) for 20 min
washed with DI

silicon

and then were water.

Subsequently, the substrates  were
submerged in Au colloidal solution for 15 min
[24]. Following catalyst deposition process,
substrate was placed into the reactor before
switching on the main reaction and to purge the
reactor, Ar gas flow was used during the system
was being heated up to 400 °C and then the GeCly
gas was injected into carrier gas and it was led
onto silicon substrate.The growth time was
selected about 20 min. SEM (Philips XL30)
images were utilized to study GNWs growth

peocedure.

3. Results and discussion

In this work, the growth mechanism is based on
VLS process, which is illustrated in Fig. 1.
According to this figure, growth mechanism
includes three stages: in the first step, precursor
molecules including Ge atom are decomposed and
Ge atoms feed Au seeds to form GeyAu, alloy.
Au is an excellent catalyst for GeNWs growth due

to their low eutectic temperature, which causes
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possibility of GeNWs growth at lower
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Fig. 1. (a) The VLS mechanism of nanowires growth
through catalyst seeds and (b) the binary phase diagram
of Ge and Au [25].

temperatures than other catalysts. When this
system draws near the eutectic condition, the alloy
particles turn into liquid droplets. More feeding by
Ge atoms, causes the alloy liquid droplets to reach
to a supersaturation condition of Ge atoms,
therefore nucleation of Ge takes place. As further
Ge atoms are continually provided, this feeding—
alloying—nucleation mechanism continues and
prolongation of Ge crystals forms GeNWs [25]. In
the CVD method, different parameters such as
type and size of catalyst, carrier gases, growth
temperature and pressure, and crystalline structure

of substrate determine the final products.
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In the VLS growth, there is better control over

Fig. 2. SEM images of samples (a-c) with Au thin film
catalyst for different gas flows: 60, 80, 100 sccm, and
(d) with Au colloidal solution catalyst for 80 sccm.

nanowires size and order by adjusting the size and
location of seeds. To study the effect of carrier gas
flow on formation of GeNWs, some experiments
were conducted by Au thin film catalyst. Gas flow
was changed at three steps: 60, 80 and 100 sccm
(standard cubic centimeter per minute). According
to Fig. 2 (a), there is no nanowire on substrate; it
is suggested that due to aggregation of Ge atoms
at the entrance wall of reactor, Au seeds cannot
attract enough Ge atoms. With increasing gas
flow, one can see the formation of Ge wires for 80
sccm, however at higher flux (100 sccm) the
growth was reduced owing to passing Ge atoms
above the substrate with intensive stream of
carrier gas, and Ge atoms cannot be attracted by
Au seeds, so subsequent experiments have
performed with 80 sccm as optimized carrier gas
flow.

As mentioned beforehand, catalyst particles size is
an important parameter for controlling nanowires
diameter. Due to this fact, we used two types of
Au catalyst in our experiments (Fig. 3). In

accordance with this figure, Au thin layer turned



Fig. 3. SEM images of Au nanoparticles from (a) Au
thin layer after annealing process at 500 [JC and (b) Au
colloidal solution.

SiKa

Intensity(a.u)

GeKa
AuLb

AuLa

1
Q
»
0 2 4 6 8 10 1z 14 16

Energy(KeV)
Fig. 4. EDS spectrum of the GeNWs with 80 sccm as

carrier gas flow and catalyst of Au colloid solution.

to Au nanoparticles (with a size distribution from
50 to 100 nm) after annealing process at 500°C,
but Au

colloidal solution gives
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Fig. 5. SEM images of GeNWs with different ratio of
Ar and H, as carrier gas.

uniform nanoparticles with diameter about 30 nm.
A comparison between Fig. 2(b) and Fig. 2(d)
reveals the role of seeds size on nanowires
diameters, but formation of large size nanowires,
apparently is owing to Au seeds aggregation [26-
29].

The chemical compositions of structure were
examined by dispersive  X-ray
spectroscopy (EDS) connected to the SEM. EDS
spectrum of the GeNWs with catalyst of Au

colloid solution is shown in Fig. 4. The peaks

energy

attributed to Si and Au come from the substrate
and catalyst seeds, respectively. This analysis
shows that the nanowires are made up of Ge.

To investigate the effect of carrier gas type, we
used different complexes of Ar and H,. At the first
part, the relative ratio of Ar:H, was 70:10 sccm,
which results thinner GeNWs (Fig. 5(a)).
According to Fig. 5(b) and 5(c), with increase in
the amount of H, to 60:20 and 50:30 sccm,
pyramidal GeNWs were formed, but lower density
of nanowires was gained for the ratio of 50:30
sccm. With escalation of H, amount up to 0:80
scem, formless structures of Ge were produced
(Fig. 5(d)). It is suggested that the presence of H,
gas in reaction medium causes faster
decomposition process of GeCly. Higher quantity
of H, not only increases the number of Ge atoms
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for Au seeds but also introduces a new type of
growth mechanisms. In the experiments with low
amount or absence of H, in carrier gas, the
growth process of nanowires is performed only
through the Au seeds, however for higher amount
of H,, attraction process of Ge atoms can be
conducted by sidewall of nanowires, too. So in the
presence of H,, nanowires grow in axial and
lateral directions, bottom sidewall of nanowires
has more time than top part of nanowires to gather
higher quantity of Ge atoms which results in
pyramidal GeNWs instead of cylindrical GeN'Ws.
With increase of H, ratio up to 80 sccm, the
attraction of Ge atoms through surface, overcomes
the attraction through Au seeds; this trend causes
the substrate surface to be covered with a layer of
Ge. According to these results, we propose
fabrication of GeNWs with Au colloidal solution
instead of Au thin film as a source of catalyst, and
a mixture of Ar:H, carrier gas with optimized ratio
of 70:10 sccm.

4. Conclusion

In summary, GeNWs have been synthesized
using CVD method at 400 °C with GeCly, Au
seeds and silicon wafer as precursor, catalyst and
substrate respectively. GeCl, as a less toxic
precursor compared to Germane was proposed to
synthesize GeNWs [24]. Influence of carrier gas
flow on growth process of GeNWs was studied
and 80 sccm was selected as an optimum flow
which can feed catalysts seeds with enough Ge
atoms. Effect of Au thin film and Au colloidal
solution as sources of catalyst on diameter of
nanowires was investigated with SEM images. It
was realized that adding H, gas into Ar as carrier
gas, impresses on growth mechanism and causes

lateral growth beside axial growth which results in
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pyramidal GeNWs and changes nanowires shapes.
An increase in the quantity of H, to 80 sccm,
caused undesired deposition of Ge on silicon

surface and GeNWs sidewalls.
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