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ABSTRACT 

Silicon nanowires were grown on tin (Sn) coated Si substrates using electron beam evaporation technique at a growth 
temperature of 350°C. The as grown Si nanowires were characterized by Field Emission Scanning Electron Microscope 
(FESEM), Transmission Electron Microscopy attached with Energy Dispersive X-Ray Analyser (TEM-EDX) for their 
morphological, structural, and compositional properties, respectively. The grown Si nanowires were randomly oriented on the 
substrate with a length of ~ 500 nm for a deposition time of 15 min. Silicon nanowires have shown tin nanoparticle (capped) on 
top of it confirming the Vapor-Liquid-Solid (VLS) growth mechanism responsible for Si nanowires growth. The nanowire 
growth rate was measured to be ~30 nm/min. Transmission Electron Microscope (TEM) measurements have revealed single 
crystalline nature of Si nanowires. The obtained results have indicated good progress towards finding alternative catalyst to gold 

for the synthesis of Si nanowires. Copyright © 2013 VBRI press.  
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Introduction  

The Vapour-Liquid-Solid (VLS) method is one of the most 
common synthesis used for Si nanowires (NWs) growth, 
which has been first proposed by Wagner and Ellis in 1964 

[1]. In their investigation, a metal catalyst droplet has been 
alloyed and supersaturated with Si resulting in precipitation 
and an axial growth of nanowire beneath the droplet. The 
successful growth of Si NWs mainly relies on the use of 

gold (Au) as a catalyst [2, 3]. Although gold has several 
advantages such as good thermal stability, and chemical 
inertness, and can be deposited easily, attention has been 
given to alternate catalyst for Si NWs growth due to three 

different reasons [4-7]. First, Au is incorporated into the 

NWs during growth [7]. Since Au is a deep level impurity 
in semiconductors (Si, Ge) that degrades the optical and 
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electronic properties [8, 9]. Optical and electronic 
properties of NWs grown with alternate catalyst could be 

improved in principle [10, 11]. Second, nanowires growth 

with alternate catalyst can be done at low temperatures [12-

14] when compared with the Au catalyzed NWs growth [2, 

3]. This low temperature growth can be useful in 
microelectronic device fabrication. Third, high solubility of 
Si, Ge in Au does not result in abrupt hetro structures 

(Si/Ge or Si/GeSi) due to reservoir effect [4, 15]. The 
abrupt hetro structures can be possible with alternate 

catalysts due to low Si solubility in alternate catalyst [4, 

16]. It is for this reason that an alternative metal to gold has 
been investigated for the synthesis of semiconductor NWs 

[4-6]. From this point of view, Tin (Sn) can be used as an 
alternative candidate because of its low eutectic point 

(232°C) [17], low solubility of Si in Sn.  Synthesis of Si 
NWs employing tin (Sn) as a catalyst has been recently 

achieved with the plasma enhanced CVD [14, 18-21], 

supercritical fluid-liquid-solid (SFLS) [22] and Hydrogen 

radical assisted methods [23-25].  Recently, we have 
reported the growth of the Si NWs with alternate catalysts 
such as Indium (In), Bismuth (Bi) at low substrate 
temperatures of 280°C and 300°C respectively by e-beam 

evaporation method (EBE) [12, 26]. The advantages of e-

beam evaporation are found elsewhere [2]. In the present 
investigation, the same method was now employed using Sn 
as a catalyst. 

In the present investigation, we report the growth of Si 
NWs using tin (Sn) as a catalyst by EBE at a low substrate 
temperature of 300-350°C. For the first time, we are 
reporting the growth of the silicon nanowires with tin 
catalyst by EBE. As-grown nanowires were characterized 
by Field Emission Scanning Electron Microscope 
(FESEM), X-Ray Diffraction (XRD) and Transmission 
Electron Microscope (TEM) for their morphological and 
structural properties, respectively. The growth of Si NWs 
by EBE method using Sn catalyst can be further 
implemented with other alternate catalyst such as Ga as 
well. 

 

Experimental 

Materials 

Silicon ingots (Balzers, 99.99%, USA) were used for Si 
nanowires growth. Tin ingots (Alfa Aesar, 99.99%, USA) 
were used for catalyst layer deposition. p-type Si (100) 
substrates (Silicon Valley Microelectronic, USA) were used 
as a substrates. 
 
Methods 

The experimental set up and experimental procedure of Si 
NWs growth with Sn catalyst is similar to the previous 

reports [12, 26] (See supplementary information). Pure Si 
ingots (99.99% Blazers) loaded into a water cooled 
graphite crucible have been used as a source for e- beam 
evaporation. p-type Si (100) wafers have been cleaned in an 
ultrasonic bath with acetone, followed by a (5%) dilute 
hydrofluoric acid (HF) solution for 3 min to remove the 
native oxide layer and then rinsed with de-ionised (DI) 
water, followed by isopropyl alcohol and finally blown dry 
with N2 (99.999%) before loading in to e-beam chamber. E- 

beam chamber has been evacuated to a vacuum of 1×10ˉ5 
mbar using a diffusion and rotary pump combination. 
Initially, Sn thin film of thickness 20 nm is deposited on to 
the Si substrates by Resistive thermal evaporation of Sn at 
room temperature at a vacuum of 1×10ˉ5 mbar. Without 
breaking the vacuum, Sn coated Si substrates have been 
annealed at growth temperature for 5 min prior to the Si 
NWs growth to get Sn catalyst droplets.  The growth of Si 
NWs carried in a temperature window of 200-500 °C for a 
deposition time of 15 min at Si evaporation rate of 0.2 
nm/s. 
 
Characterization 

The morphology of the grown Si NWs, formed Sn catalyst 
particles was examined by a Field Emission Scanning 
Electron Microscope (FESEM, FEI Sirion). Crystallinity of 
the Sn thin film was examined by X-Ray diffraction (XRD, 
D8 advacnce Bruker), the microstructure and compositional 
properties of the nanowires were characterized by 
Transmission Electron Microscopy (FEI, T-20).  
 

Results and discussion 

Characterization of tin nanoparticles 

Fig.1(a) shows the formed tin catalyst particles on the Si 
substrate after annealing of the 20 nm Sn catalyst film at a 
temperature of 350oC for 5min. Silicon substrate surface 
has been uniformly covered by spherical tin droplets with a 
diameter in the range of 30-100nm. This formed Sn catalyst 

droplets used as a catalyst for Si NWs synthesis. Fig. 1 (b) 
shows the X-Ray diffraction pattern of Sn thin film 
deposited on Si substrates. The diffraction peaks at 
2θ=30.68, 32.06 have been identified as the (200), (101) 
planes of the tetragonal crystal structure of Sn, which are 
very well coincided with JCPDS no. 04-0673. 
 
 

 
 

Fig. 1 (a) SEM image (b) XRD pattern of tin (Sn) nanoparticles formed 
on the Si (100) substrate at 350 °C substrate temperature for 5 min. 

 

Characterization of silicon nanowires 

Silicon NWs grown on Si substrates at different substrate 
(growth) temperatures of 300-480°C for 15 minutes have 

been shown in Fig. 2 (a-d). No nanowire growth was 
observed on the bare Si substrates, eliminating the 
possibility of catalyst independent NWs growth. Nanowires 
growth was not observed below the eutectic temperature 

(231°C) according to the VLS growth procedure [1]. Upon 
increasing growth temperature above the 230 °C, initiation 
of nanowires growth observed (for brevity it is not shown 
in here). This (poor) nanowires growth behaviour is due to 
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slow absorption and diffusion of Si atoms into the Sn 
catalyst at temperature less than 300°C.  Nanowires growth 
in the temperature range of 300-350°C becomes better and 
form dense nanowires on the substrates. Grown Si NWs 
morphology is similar to the reported Si NWs growth with 

alternate catalysts in the literature [13, 14, 27, 28].  These 
NWs have been randomly oriented with respect to the 
substrate, and each nanowire has tin (Sn) catalyst particle at 
its top and growth temperature is well above the eutectic 

temperature confirming the VLS growth of Si NWs [6]. 
High resolution FESEM images of the Si NWs grown at 

350 °C shown in the Fig. 2 (e-f) (See supplementary 
material).  
 

 
 

Fig. 2. SEM images of Si nanowires grown on tin nanoparticles as 
nucleation growth at different growth temperatures of (a) 300 (b) 350, (c) 
400, (d) 480°C. (e)-(f) High resolution SEM image of the Si NWs (at 
350°C). 

 
These NWs have a length of approximately 500-600 

nm. We could not measure accurately the diameter of the 
nanowires because of the tapering of the NWs. The Si NWs 
growth rate has been measured and found to be ~30 
nm/min. From SEM images, the areal density (number of 
NWs per unit area) has been calculated and is found to be 
around 2-3 NWs/µm2.  As the growth temperature is 
increasing from 350 to 400 °C nanowires growth turned out 
to be nanorods growth and more un-catalyzed deposition on 
the nanowires, finally at growth temperature greater than 
450°C nanowires growth is completely suppressed. This 
nanowires growth behaviour with temperature is well 
supported by experimental and theoretical works on 
nanowires growth by physical vapour deposition (PVD) 

methods such as EBE and MBE [29, 30]. The nanowires 
growth is explained by two processes.  The evaporated 
atoms fall on the substrate as well as on the catalyst 
particle. The atoms which fall on the catalyst particle 
eventually supersaturate and precipitate as a nanowire 
according to the VLS principles. The atoms which fall on 
the substrate and nanowires sidewalls will diffuse towards 
the catalyst particle and contribute to the nanowire growth 

[29]. The adatoms contribution to the nanowire growth is a 
temperature dependent phenomenon. Nanowires length is 
increases with temperature (300-350 °C) initially due to 
increased diffusion of ad atoms that contribute to the axial 
growth. As temperature increases (350-450 °C), adatoms 
contribution to the nanowires gradually decreases results in 
thin film (2D) deposition dominates over the nanowires 

(axial) growth. This was clearly evidenced in the Fig. 2(d).  
The advantage of current approach of  Sn catalyzed Si 

nanowires is simple process, cost effective and low 
temperature growth of Si nanowires compared to the other 

methods such as hydrogen radical assisted method [23,25], 

plasma enhanced CVD [14, 21] (see supplementary 
material). In hydrogen radical assisted method, plasma 
enhanced CVD additional plasma pre-treatment is required 
to get Sn catalyst particles but in the current report no such 
treatment is required. High vacuum deposition of catalyst 
layer in the present report is useful for avoiding the 
oxidation of catalyst layer. Avoiding the catalyst layer 
oxidation is greatly enhances the nanowires growth 
probability. 

Bright filed TEM image of a single Si nanowire grown 
by EBE at substrate temperature of 350oC for 15min has 

been shown in Fig. 3(a). It has been clearly identified in 

Fig 3(a) that tin nanoparticle located at the end of (capped) 
the Si nanowire, implying that a tin (Sn) catalyst assisted 
VLS mechanism growth in Si NWs formation. The High 
resolution TEM recorded over the nanowire has clearly 
shown a high degree of crystallinity with a clear crystal 

lattice as shown in Fig 3 (b). The lattice spacing in the 

HRTEM in Fig. 3(b) has been found to be 0.31 nm, which 
corresponds to the “d ” spacing of the (111) plane of Si. 
 
 

 
 

Fig. 3. (a) TEM image of the single Si nanowire, (b) HRTEM recorded on 

the Si nanowire (inset FFT pattern), (c) EDX spectrum recorded on the 

catalyst particle and (d) EDX spectrum recorded on the nanowire. 

 
EDX spectra recorded on the Si NWs at the tip and the 

stem of the Si NWs during analysis have been shown in 

Fig. 3 (c) and (d), respectively.  The EDX spectra have 
revealed that the tip of the nanowire contains both Si and 
Sn, whereas the base or stem of the nanowire contains only 
Si. The other peaks, such as Cu and O, have also been 
detected attributing to the effect of TEM grid (Cu, O) and 
also oxide layer formed on the as grown Si NWs due to 
exposure of sample to the atmosphere during sample 
preparation. These results have indicated that the as-
synthesized Si NWs by e- beam evaporation technique are 
single crystalline in nature without any impurities.  
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Conclusion 

Tin catalyzed Si NWs were grown by the electron beam 
evaporation method under a high vacuum (1×10ˉ5 mbar) on 
a Si substrate at a temperature of 300-350°C. FESEM 
studies show that the grown nanowires were randomly 
oriented with respect to the substrate, having an average 
length of 500-600 nm. Each NW is capped with a tin 
nanoparticle and growth temperature well above the 
eutectic temperature confirming the VLS growth of the Si 
NWs and the nanowires growth rate was measured to be ~ 
30 nm/min. The TEM study on the nanowires shows that 
the grown nanowires were single crystalline in nature. It is 
observed that a narrow temperature window from 300°C to 
350°C for the Si nanowires growth with Sn catalyst. 
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Supporting information 

 

 

Fig S2. High resolution FESEM images of the Si NWs grown at 350°C. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Table S3. Literature review of mostly used method for Si nanowires 
growth with Sn catalyst. 

 

S.No. Growth Method Growth 

temperature

Catalyst film

Pre-treatment

Ref.

1. Hydrogen radical 

assisted deposition

400 °C Hydrogen 

radical treatment

1

2. Hydrogen radical 

assisted deposition

400 °C Hydrogen 

radical treatment

2

3. Plasma Enhanced CVD 600 °C Plasma treatment 

of catalyst film

3

4. Plasma Enhanced CVD 400 °C Plasma treatment 

of catalyst film

4

 
 
 
 

 

 
 

Fig. S1. Schematic of the Si nanowires growth system. 

 


