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ABSTRACT

This study investigates the chemical transport-based growth of Si and Ge nanowires (NWs) using plasma-enhanced chemical vapor deposi-
tion. We found that Si NW growth requires a high etching temperature of 400 °C, related to a stronger Si–H bond energy compared to the
Ge–H bond energy, allowing Ge NWs to form at 250 °C. The growth process is influenced by various parameters, including etching temper-
ature, radio frequency power, GeH4/SiH4 precursor gas ratios, doping, and inter-electrode distance. Optimal Si NW growth is achieved at a
substrate temperature of 250 °C during pre-coating and 400 °C during etching, with an RF power of 100W. Conversely, Ge NWs can be fab-
ricated at 250 °C, although they tend to be smaller and less dense. The study also highlights the role of the doping of the amorphous film
precursors, with n-type doping enhancing growth and crystallization, while p-type doping negatively affects NW formation. Key findings
include the significance of maintaining optimal etching time and its effect on NW morphology and uniformity. Overall, the results provide
a novel method for efficiently growing Si and Ge NWs, emphasizing the importance of carefully controlling growth conditions.

© 2025 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/5.0249864

I. INTRODUCTION

Si and Ge nanowires (NWs) have attracted increasing interest
in the fields of nanoelectronics,1–3 sensors,4,5 and solar cells,6,7 and
their synthesis methods have become an important research topic.
These methods include “top-down” and “bottom-up” approaches.
The former commonly utilizes techniques such as e-beam for mask
preparation,8 chemical etching,9 and physical etching.10 However,
the fabrication process is tedious, requiring multiple steps, which
may reduce the fabrication yield. Moreover, masks created by
electron beam (e-beam) lithography need to undergo physical
etching, introducing impurities that can affect the electronic
properties of the NWs.

The “bottom-up” main growth methods include vapor–
liquid–solid (VLS) process based on chemical vapor deposition
(CVD),11,12 plasma-enhanced CVD (PECVD),13,14 and electron
beam evaporation.15 CVD is a common method for preparing Si
NWs, whereby a Si gas source (generally silane) reacts at high tem-
peratures and pressures with a catalyst deposited on a substrate,

forming Si NWs. The advantage of using PECVD lies in its ability
to achieve low-temperature growth over large areas and providing
better control on NW properties. E-beam evaporation needs to be
performed under high vacuum conditions, and it requires relatively
expensive electron beam equipment. Exploring new preparation
methods is a significant research topic. In the traditional VLS
mechanism for preparing Si NWs, depositing a layer of metal cata-
lysts, such as Au, on a substrate facilitates the dissociation of silane
at high temperatures, forming an eutectic Au/Si alloy and leading
to the growth of Si NWs.16

In this paper, we introduce a new approach to grow Si and
Ge NWs where the Si and Ge atoms required for the growth
result from the etching of hydrogenated amorphous Si (a-Si:H),
Ge (a-Ge:H), or a-SiGe:H thin films. The control of the etching
process and the resulting transport of the reactive species from
the reactor walls to the substrate offer new opportunities for
achieving original NW morphologies and composition. In this
work, we systematically investigate the effect of various process
parameters on the growth of NWs. In particular, we study the
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effects of pre-coating materials, pre-coating temperatures, pre-
cursor ratio, doping precursors, etching temperatures, inter-
electrode distances, radio frequency (RF) plasma powers as well
as etching times to control NW morphology and composition.
Various investigation techniques including scanning electron
microscopy (SEM), transmission electron microscopy (HRTEM),
high-angle annular dark-field scanning transmission electron
microscopy (HAADF-STEM), and energy dispersive x-ray spec-
troscopy (EDS) were used to characterize the Si and Ge
nanostructures.

II. EXPERIMENTAL DETAILS

The PECVD reactor was pumped down to 3 × 10−4 Pa and its
electrodes and walls were coated with amorphous materials at a
fixed inter-electrode distance of 30 mm. After coating the reactor
electrodes and walls with a-Si:H, a-SiGe:H, or a-Ge:H [Fig. 1(a)],
the substrates with Sn catalysts were introduced into the PECVD
reactor. Two types of Sn precursors were used, including sputtered
SnO2 thin films and colloid SnO2 nanoparticles [Fig. 1(b)]. 10 nm
SnO2 thin films were deposited on c-Si wafers via RF magnetron
sputtering under an Ar flow rate of 50 SCCM, a pressure of 50 Pa,
and a RF power of 50W for 1 min. Colloid SnO2 nanoparticles
(15% in H2O) with a nominal diameter of 5 nm (Alfa Aesar,
China) were diluted in de-ionized water with 1/300 before
utilization.

As far as the pre-coating of the a-Si:H layer is considered, the
following deposition conditions were used: SiH4 flow rate of
2 SCCM diluted in 50 SCCM of H2 as the carrier gas, pressure of
100 Pa, and RF power of 5W with a deposition time of 10 min.

The nominal thicknesses of a-Si:H layers deposited at 120 and
200 °C are 90 and 140 nm, respectively. In the case of a-Ge:H pre-
coating, 50 SCCM of GeH4 (1% of dilution in H2) was introduced
with a chamber pressure, RF power, and deposition time to be
40 Pa, 5W, and 2 min, respectively. The nominal thicknesses of
a-Ge:H layers deposited at 120 and 200 °C are 15 and 25 nm,
respectively.

The etching of amorphous Si thin films typically utilizes gases
such as H2, which can react on their surface, hence achieving an
efficient etching effect.17,18 The H2 plasma etching conditions were
as follows. H2 flow rate: 100 SCCM, chamber pressure: 130 Pa
and RF power: 100W. Two series of chamber pre-coating
temperature and H2 etching temperature were applied as shown in
Table I. The etching of the a-Si:H layers produces SiH4 which
can be subsequently dissociated by the plasma forming radicals.
This process allows us to transport the silicon atoms from the
walls of the reactor to the substrate where they react with the
catalyst and lead to the growth of NWs. By changing the process
parameters, we could determine conditions favoring the growth of
NWs. The shape and structure of NWs were investigated with a
Hitachi SU-70 scanning electron microscope (SEM). Moreover,
TEM lamellas were prepared in a focused ion beam (FIB)-SEM
dual beam platform. A Titan Themis electron microscope
from Thermo Fisher Scientific (Waltham, MA, USA) was
employed for morphological and structural analyses. Operating at
200 kV, this microscope is equipped with a Cs aberration probe
corrector for enhanced image resolution and a Super X detector
capable of nanoscale chemical analysis for both light and heavy
elements.

FIG. 1. Schematic illustration of a PECVD reactor. (a) Pre-coating of the reactor with a-Si:H or a-Ge:H layers. (b) Load the Sn-containing catalysts Si wafer into the
PECVD reactor. (c) Ignition of the H2 plasma to produce NWs.
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III. RESULTS AND DISCUSSION

Within the context of PECVD, a hydrogen plasma is known
to be able to etch the amorphous films deposited on the electrodes
and walls of the reactor.19 Two settings for the substrate tempera-
ture were considered for the growth of nanostructures: the pre-
coating temperature and the H2 plasma etching temperature. We
choose two values for the etching temperature (250 and 400 °C)
which are above the eutectic point temperature of 232 °C, while the
pre-coating temperature was fixed at 120 or 250 °C as summarized
in Table I.

First of all, let us consider the NW growth at the etching tem-
perature of 400 °C. To be noted here that in this case, only SnO2

thin films were effective for NW growth. As shown in Table II, we
investigated the effects of different parameters on the formation of
nanostructures. The conditions for pre-coating and H2 plasma
etching are kept the same as those mentioned above, except for the
changes in the parameters corresponding to Table II. The deposi-
tion and etching conditions are presented in the experimental part.
Section I in Table II reports on the effect of SiH4 and GeH4 flow
rate ratio. Section (I)(a) shows the SEM images of the substrate
after being exposed to the H2 plasma at 400 °C with the reactor
walls coated with a-Ge:H. It can be observed that under these con-
ditions, no NW was grown. In Sec. (I)(b), when the ratio of GeH4

to SiH4 was 1.7/0.3 during pre-coating, noticeable changes occurred
in the catalyst particles which became smaller and increased in
number. In Sec. (I) (c), at a pre-coating ratio of GeH4 to SiH4 of
1.5/0.5, several NWs appeared around the catalyst particles. In
Sec. (I) (d), when the ratio during pre-coating was 1/1, NWs could
be observed, and compared to Sec. (I) (c), both the density and
length of the NWs had increased. To further increase the density
and length of the NWs, the ratio of GeH4 to SiH4 was changed to
0.5/1.5. As shown in Sec. (I) (e), this ratio led to a higher density,
yet smaller diameter NWs compared to those in Sec. (I) (d).
Finally, in Sec. (I) (f ), when the ratio of GeH4 to SiH4 during pre-
coating was reduced to 0/2 (no addition of GeH4), thicker but less
dense Si NWs were obtained.

In Sec. (II) of Table II we address the effect of adding dopant
gases to the reactor wall coating process. Section (II) (a) reveals the
surface morphology formed after etching when SiH4 and B2H6

were introduced at a ratio of 2:9 during pre-coating, showing that
the catalyst remains unchanged and no NW growth is observed,
suggesting that probably no etching occurred under these condi-
tions. Note that B2H6 was diluted at 1% in H2. Section (II) (b)

presents the surface morphology after etching when SiH4 and PH3

were introduced at a ratio of 2/9 during pre-coating (PH3 was
diluted at 1% in H2). In this case NWs have formed, suggesting
that n-type a-Si:H film precursor may have a promoting effect on
etching of a-Si:H. Therefore, based on this observation, PH3 was
also introduced to see if n-type doping could help in promoting
NW growth for a GeH4 to SiH4 ratio of 1.5/0.5. Section (II) (c)
shows the surface morphology after etching when a mixture of
GeH4, PH3, and SiH4 at a ratio of 1.5/9/0.5 was used for pre-
coating, resulting in the formation of a considerable number and
dense distribution of NWs. Therefore, the addition of PH3 (n-type
doping) proved to have a positive impact on etching and subse-
quent NW growth. To further study the beneficial effect of PH3,
the experiment shown in Sec. (II) (d) was conducted without intro-
ducing SiH4, i.e., only GeH4 and PH3, in order to observe if n-type
doping of the a-Ge:H layer could favor the growth of Ge NWs.
Section (II) (d) depicts the surface morphology when GeH4 and
PH3 are used for pre-coating at a ratio of 2/9, where NWs are seen,
indicating that indeed PH3 can promote the growth of not only Si
but also Ge NWs at 400 °C.

In Sec. III of Table II we present the effect of the substrate
temperature during the a-Si:H etching process on NW growth.
Section (III) (a) in Table II displays the surface morphology for a
substrate temperature of 250 °C, indicating that the catalyst remains
mostly unchanged. To further investigate the influence of etching
temperature, we raised it to 300 °C. Section (III) (b) shows the
surface morphology of the sample at the etching temperature of
300 °C, where small catalyst particles can be seen aggregating into
larger ones. Section (III) (c) presents the surface morphology of the
sample with the etching temperature further increased to 350 °C.
At this temperature, a small number of NWs form, but their quan-
tity remains quite small. Therefore, we increased the substrate tem-
perature to 400 °C, for which a substantial number of NWs are
visible.

The distance between the electrodes significantly influences
the growth of Si NWs. The surface morphology of the sample for
an inter-electrode distance of 70 mm is shown in Sec. (IV) (a), dis-
playing only a few NWs while most areas lack NW growth and
even some catalysts remain unchanged. Then, we reduced the inter-
electrode distance to 50 mm as shown in Sec. (IV) (b), for which
one can see that the density of NWs did increase a bit as compared
to 70 mm, but their morphology was poor. Thus, we further
decreased the inter-electrode distance to 30 mm, in which case the
density of NWs significantly increased, with each catalyst leading
to NW growth.

The RF power used during etching is another crucial parame-
ter. Section (V) (a) shows the surface morphology of the substrate
after having been exposed to a hydrogen plasma under an RF
power of 25W, where no change in the catalyst can be seen. We
thus increased the RF power to 50W as shown in Sec. (V) (b),
under which conditions NWs started to form, but they are short
and with a low density. Thus, we further increased the RF power to
100W, as presented in Sec. (V) (c). We can see that the NWs were
distributed more evenly with increased length and diameter.
Finally, we increased the power to 300W, as shown in Sec. (V) (d),
in which case, NWs were very short and thin. One can notice that
even the Sn catalyst droplet size decreased indicating etching of the

TABLE I. Dependence of NW growth results on pre-coating materials (a-Si:H
and a-Ge:H) with two values of chamber pre-coating temperature and H2 etching
temperature. Both the deposition and etching time are 10 min.

Temperature
(°C) a-Si:H a-Ge:H

Pre-coating 120 250 250 120 250 250
Etching 250 250 400 250 250 400
NWs No

growth
No

growth
Growth Growth No

growth
No

growth

Journal of
Applied Physics

ARTICLE pubs.aip.org/aip/jap

J. Appl. Phys. 137, 044301 (2025); doi: 10.1063/5.0249864 137, 044301-3

© Author(s) 2025

 28 January 2025 12:20:01

https://pubs.aip.org/aip/jap


TABLE II. SEM images showcase nanostructures developed under various process parameters using sputtered SnO2 thin films. The following pre-coating and etching condi-
tions were used, except when otherwise indicated in the table. The inter-electrode distance was kept at 30 mm for both pre-coating and NW growth processes. The H2 plasma
etching conditions were as follows. H2 flow rate: 100 SCCM, chamber pressure: 130 Pa, RF power: 100 W and etching temperature: 400 °C. The following deposition conditions
of a-Si:H layers were used including SiH4: 2 SCCM, H2: 50 SCCM, pressure: 100 Pa, RF power: 5 W, deposition time: 10 min and temperature: 120 °C.

Parameters SEM images

Precursor ratio (GeH4/SiH4) (I)

Doping precursors (II)

Etching temperatures (III)

Inter-electrode distances (IV)

RF powers (V)

Etching times (VI)
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Sn at such high-power levels. This is probably because under such
RF power and etching time (10 min) we used all the Si available on
the walls, so there is only etching at the end of the process, no
more chemical transport but eventually a damage of the NWs.
Therefore, a RF power of 100W was chosen as the optimal experi-
mental condition.

The RF power dependence of the NW growth suggests an
interplay with the etching time. Thus, determining the optimal
process time for NWs is also particularly important. Section (VI)
(a) shows the image after an etching time of 1 min, where the reac-
tion has just begun, and the catalysts on the Si wafer surface retain
their initial shape. Section (VI) (b) represents the image after an
etching time of 3 min where NWs cannot be seen. Section (VI) (c)
is the image after an etching time of 5 min, where the NW growth
has started, and tiny NWs begin to emerge. We can see in
Sec. (VI) (d) that after an etching time of 6 min, the reaction pro-
gresses further, and the NWs begin to increase in thickness and
length. In Sec. (VI) (e), at an etching time of 7 min, an increase of
NW yield occurs, and as the reaction proceeds, in Sec. (VI) (f ) at
an etching time of 10 min, the NWs’ density and dimensions have
reached the highest values, with no further increase for longer
times, suggesting that a-Si:H from walls has been completely etched
and therefore there is no more Si available for NW growth. Indeed,
Sec. (VI) (g) corresponding to an etching time of 20 min shows
that NWs were no longer present. Section (VI) (h) shows the
dependence of NW length on etching time, where the highest NW
length at 10 min of etching time can be observed. Note that the
average NW growth rate is quite high as 600 nm long wires are
obtained after 10 min of growth.

The results in Table II highlight key parameters affecting the
etching processes and resulting NW growth. Adding dopant gases,

such as PH₃, during pre-coating promotes NW formation, as seen in
Sec. II, where n-type doping facilitated Si and Ge NW growth.
Increasing the substrate temperature in Sec. III shows optimal Si
NW formation at 400 °C, while lower temperatures led to limited or
no growth. In Sec. IV, reducing the inter-electrode distance to
30mm enhanced NW density and morphology. Section V demon-
strates that RF power of 100W was optimal, as higher power
damaged NWs due to insufficient Si supply. Finally, Sec. VI explores
the dependence on etching time, showing NW growth starts after
5 min and peaks at 10min, where NWs reach their maximum length
(∼600 nm) and density before depletion of the Si source. These
results collectively emphasize the interplay between doping of the
thin film precursor, temperature, electrode spacing, RF power, and
etching time for controlled and efficient NW growth.

N-type doping of the amorphous film precursor has been
found to promote NW growth. This can be explained by the fact
that the diffusion in n-type silicon is inhibited compared to the
case of a p-type film. As a consequence, there is more hydrogen
available at the surface of n-type a-Si:H to promote etching.
Moreover, n-type doping of the film precursor may lead to the
incorporation of phosphorus into the NWs, facilitating the growth
of n-type Si and Ge NWs. B2H6 is typically used to introduce
p-type doping in Si NWs. However, in our studies, no NWs were
formed when the a-Si:H precursor was p-type, which can be
explained by a lower etching rate of p-type a-Si:H.20

RF power is essential for initiating and sustaining the etching
process. Higher RF powers (100W) lead to uniform and dense
NW growth, but excessive power (300W) can deplete available
materials, resulting in short and thin NWs. In the case of low RF
power (25W), no significant NW growth occurs because the
plasma energy is insufficient to efficiently etch the layer from the

FIG. 2. TEM images of (a) Si NWs and (d) SiGe NWs grown from the sputtered SnO2 thin films. EDS mapping of (b) Si NWs and (e) SiGe NWs. EDS element profiles of
(c) Si NWs and (f ) SiGe NWs. The white rectangles in (b) and (e) indicate the locations where the EDS profiles were taken.
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walls and fails to provide sufficient Si or Ge atom precursors for
NW growth. When the moderate RF Power (100W) is applied, it
produces well-defined, uniform NWs with optimal length and
diameter. The plasma power at this level facilitates steady etching
and material deposition, creating structured and crystalline NWs.
When the RF power is increased to 300W, it leads to the formation
of shorter and thinner NWs. Indeed, excessive power increases the
etching rate and leads to the exhaust of the a-Si:H precoated on the
walls of the reactor, limiting the length and quality of the NWs.

The etching time and RF power determine the length and
yield of the NWs. In the case of short etching times (1–3 min), we
observe incomplete growth with only small or initial spiky features
corresponding to the early stages of NWs growth. The catalysts
remain mostly inactive, resulting in incomplete structures.
Moderate etching times (5–10 min) produce longer and denser
NWs. Their structure becomes more well-defined as the reaction
progresses, and NWs grow in length and diameter. When the
etching times are prolonged above 20 min it results in the complete

FIG. 3. SEM images of Ge nanostructures grown from colloid SnO2 nanoparticles at different H2 plasma etching powers and times. (a) 50 W, 5 min; (b) 100 W, 5 min; (c)
200 W, 5 min, and (d) 100 W; 30 min. (e) Cross-sectional view TEM images of Ge nanostructures grown from colloid SnO2 nanoparticles at a low etching temperatures
(250 °C). The inset image shows an enlarged view, with the red arrow indicating the EDS element profile. ( f ) EDS atom profile (Ge, O, and Sn) in the Ge nanostructures.
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exhaustion of the material precoated on the walls of the reactor (Si
or Ge), causing NWs to stop growing or being damaged and etched
away.

To examine the specific morphology and structure of Si NWs,
TEM, HAADF-STEM, and EDS were applied. Figure 2(a) shows
kinked Si NWs having a small amount of catalyst residue, suggest-
ing that during the NW grow part of the catalyst might detach or
rather fall from the tip of the NW and alter the NW’s growth direc-
tion. The HAADF-STEM and atom mappings of Si, Sn, and O
atoms from another NW are presented in Fig. 2(b) where one can
see that the NW is made of silicon with and oxide shell resulting
from the exposure of the NW to ambient air. The surface morphol-
ogy of SiGe NWs was also characterized by TEM. Figure 2(d)
shows that compared to Si NWs, SiGe NWs are shorter and
smaller in diameter. To study the composition of SiGe NWs, we
performed HAADF-STEM and EDS mapping from another NW as
shown in Fig. 2(e). It reveals that O atoms are mainly located on
the outer surface of the catalyst and NWs, Sn atoms are present in
the catalyst, Ge atoms are distributed in both the catalyst and the
NWs, and Si atoms are primarily found in the main body of the
NWs. The corresponding EDS element profiles in Si and SiGe
NWs are presented in Figs. 2(c) and 2(f ), respectively. The Ge con-
centration in the SiGe NW is measured to be around 10%.

As presented in Table I, undoped Ge NWs or nanostructures
could not be produced at 400 °C but can be grown at a lower
etching temperature of 250 °C. The pre-coating conditions of a-Ge:
H were described in the experimental part. In the following parts,
let us consider the NW growth with the etching temperature of
250 °C. Noted here that in the case, only colloid SnO2 nanoparticles
and SnO2 thin films pre-treated with sulfuric acid for 10 min did
produce NWs. The H2 plasma etching time and RF power were

varied while keeping other parameters the same as described in the
experimental part. As shown in Fig. 3, a 50W RF plasma power
activates few NWs, and higher power leads to higher activation rate
of catalyst. Moreover, with the increase of plasma power, the
density of NWs increases significantly, but their morphology
changes. As shown in Fig. 3(d) the morphology of the produced
nanostructures has lost its NW form, indicating that the etching
time of 30 min was too long and resulted in the exhaust of the Ge
atoms from the reactor wall. Figure 3(e) presents a cross-sectional
view of a TEM lamella consisting of in-plane Ge nanostructures
from Fig. 3(c) with the corresponding enlarged view shown in the
inset. The EDS element profile is shown in Fig. 3(f ) indicating the
presence of Ge, Sn, and O atoms in Ge nanostructures. The Sn
content in Ge nanostructures can be measured to be around
13% at.

Interestingly, out-of-plane Ge NWs can be obtained once the
catalyst is changed from colloid SnO2 nanoparticles to a SnO2 thin
film. Their top-view SEM image is presented in Fig. 4(a). The cor-
responding TEM lamella shown in Fig. 4(b) confirms that these Ge
NWs grow out-of-plane.

These results highlight the critical role of temperature on NW
growth. This knowledge allows us to tailor the temperature for spe-
cific NW material requirements. The influence of SiH4/GeH4

gas flow rate ratios on NW growth is intriguing. The optimal
GeH4/SiH4/ratio of 0.5/1.5 ensures sufficient Si supply for NW for-
mation while limiting Ge incorporation. Co-doping with PH3

during pre-coating emerges as a key factor for enabling Ge NW
growth. Optimizing inter-electrode distance, etching power, and
etching time is crucial for successful NW growth. Etching power
influences the NW growth rate, while etching time determines the
final NW length. Indeed, NW growth relies on the H2 plasma

FIG. 4. (a) Top-view SEM image of Ge NWs grown with a sputtered SnO2 thin film pre-treated with sulfuric acid for 10 min at a low etching temperature (250 °C). The red
rectangle illustrates where the TEM lamella of NW was prepared. (b) Cross-sectional view of a TEM lamella consisting of Ge NWs from (a). The corresponding enlarged
view is presented in the inset.

Journal of
Applied Physics

ARTICLE pubs.aip.org/aip/jap

J. Appl. Phys. 137, 044301 (2025); doi: 10.1063/5.0249864 137, 044301-7

© Author(s) 2025

 28 January 2025 12:20:01

https://pubs.aip.org/aip/jap


reacting with the surface of amorphous Si films, mainly due to the
reactivity of H and H3

+ ions.21 During the reaction, these species
combine with Si atoms on the amorphous Si surface, mainly
forming SiH4 reaction products, leading to the etching of the amor-
phous Si film surface. As the etching time progresses, the reaction
for etching of Si atoms from walls and growing of NWs advances
further. However, further increasing the etching time, the NWs are
completely etched away because of the exhaust of Si or Ge atoms
from the reactor walls.

We found that Si NW growth requires a higher etching tem-
perature (400 °C) than Ge NWs (250 °C). This is likely due to the
higher bond energy of Si-H (3.29 eV),22 necessitating a higher tem-
perature to facilitate the reaction with a fixed plasma etching power
density. In contrast, Ge–H has a lower bond energy (2.99 eV),22

allowing NWs to form at 250 °C. Once the precursor atoms (Si or
Ge) are etched successfully from the reactor walls, the correspond-
ing supersaturation in the eutectic droplets is the determining
factor for NWs growth. Note that the supersaturation increases
with the temperature.23 As a consequence, more precursor atoms
are needed to reach the supersaturation once the temperature is
increased. Moreover, the etching rate of amorphous a-Si:H or a-Ge:
H inversely depends on the temperature.18,24 Lower etching tem-
perature favors the production of precursor atoms. Therefore,
Ge NWs can be produced at the low temperature of 250 °C instead
of 400 °C.

The diameter and length of NWs are heavily influenced by
precursor gas ratios, RF power, and etching time. Higher SiH4

ratios, moderate RF power, and optimal etching times lead to
thicker and longer NWs. The density of NWs can be enhanced by
higher RF power, shorter inter-electrode distance, and n-type
doping of the film precursor. Interestingly, the density of Ge NWs
is significantly lower than Si NWs. At a lower temperature (250 °C),
Ge NWs can grow but with smaller, thinner, and less dense NWs.
Si NW growth is hindered at these temperatures. Moderate temper-
atures (e.g., 400 °C) are better suited for Si NW growth.

IV. CONCLUSIONS

This work presents a novel method for growing Si or Ge
NWs, where Si wafers coated with Sn-containing catalysts were
loaded into a PECVD reactor coated with undoped or doped a-Si:
H, a-SiGe:H, or a-Ge:H layers, followed by etching with H2 to
promote chemical transport and growth of NWs. Throughout the
experiments, we found that variations in process parameters, espe-
cially the substrate temperature, have a strong impact on the
results, leading to the following conclusions. Combining the pre-
coating temperature of 250 °C with the plasma etching of 400 °C is
beneficial to produce Si NWs. Pre-coating the walls of the reactor
with a-Si:H promotes the growth of NWs, while a-Ge:H inhibits it.
In the case of a-SiGe:H precoating the optimal ratio of GeH4/SiH4

is 0.5/1.5. Interestingly, using a n-type a-Ge:H precursor can lead
to the growth of Ge NWs even at 400 °C. NWs start to grow only
when a certain inter-electrode distance, etching temperature, and
power are applied, typically choosing a 30 mm inter-electrode dis-
tance, a 400 °C etching temperature, and 100W RF power.
Lowering the pre-coating temperature to 120 °C and the plasma
etching temperature to 250 °C is helpful to fabricate Ge NWs.
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