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The Fabrication of Carbon Nanotube-Silicon Nanowires 

Heterojunctions Array and The Mechanism of Growing 

Silicon Nanowires 

Abstract    

     One-dimension nano-carbon composites are generating a great 

deal of interest for their potential applications in electronics, 

electrochemistry, and photo-electrics for their distinctive structures 

and properties. However, the carbon nanotubes-silicon nanowires 

heterojunction array has very unusual physical can electrical 

properties due to the combination of both the semiconductor silicon 

tip and hollow metallic carbon nanotubes. The junction array can be 

used to fabricate the Field-Emission-Transistor(FET) if built onto a 

electrode substrate; In addition ,it ,with a high rate of specific surface 

area, is  quite sensitive to some reactants, with which we can make a 

device for testing micro-scale chemical substances; Furthermore ,it is  

supposed that the nano-scale photo-electronic devices based on 

silicon nanowires can also be fabricated with the development in 
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research of silicon ¯s quant u m confi ne ment effect      

In this paper ,the carbon nanotubes array is synthesized by 

using a anodized aluminum oxide(AAO) template ,then silicon 

nanowires (SiNWs) were grown in tip of the carbon nanotubes 

selectively. We also investigated the special prism-shaped crystalline 

structure of the as-grown silicon nanowires, proposing an epitaxial 

growing mechanism for silicon nanowires under the specific 

synthesis condition in our work.     

For growing carbon nanotubes array,we forstly fabricated a 

porous AAO template and investigated the AAO with an Atomic 

Force Microscope (AFM) and Scanning Electronic Microscope 

(SEM) . And research in filling the metal particles and metal 

nanowires into the nano-channels of AAO were also carried out.      

The carbon nanotubes(CNTs) arrays were produced through a 

Chemical Vapor Decomposition(CVD) method. We 

electro-deposited Fe particles into the bottom area of the AAO 

channels as the catalyst for growing CNTs. After a process of 

pyrolysis of the acetylene gas, the carbon nanotubes with length of 

20-120 Ì m, and di a met er of 4-120nm were prepared, which is 
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controlled by the diameter of AAO porous. The carbon nanotubes 

were investigated by a SEM and High Resolution Transmission 

Electron Microscope (HRTEM). As seen from the SEM and TEM 

images, the CNTs were well-defined with a smooth surface and 

identical diameter, and the multi-walls are very thin.    

In the process of following step, we prepared carbon 

nanotube-silicon nanowires heterojunction array using CVD method, 

just by pyrolysis of silane gas directly after the CNTs were formed. 

We find that the silicon nanowires was grown from the tip of the 

carbon nanotubes, as it is indicated in the Vapor-Liquid-Solid 

mechanism that Fe catalyst will be pushed

 

out during the growing 

of CNTs and stayed at the end of CNTs. Through varying and 

identifying the temperature of CVD system, the partial pressure of 

silane, time of pyrolysis, the silicon nanostructure of different 

morphologies and silicon nanowires with different length were 

prepared. The heterojunction array samples were investigated by 

SEM and Energy Diffraction Spectra (EDS). The silicon nanowires

 

surfaces and the photoluminescence property were further studied by 

Fourier Transferring Infra-red Spectra (FTIR) and the 
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Photoluminescence Spectra(PL) respectively. We find that the silicon 

nanowires were partly oxided when exposed to air and 

photoluminescence of silicon nanowires was also observed, yet 

which needs further confirmation of its quantum confinement effect.     

In the studies of HRTEM , Selected Area Electron 

Diffraction(SAED) images of the as-grown silicon nanowires, a 

novel prism shaped silicon nanostructure was found. The prism 

shaped silicon nanowires were single crystal with specific indexed 

crystalline planes, which we confirm as a silicon disorder crystal. 

While in the studies of carbon nanotubes-Fe-Silicon system which 

was investigated by HRTEM and Elements distribution analysis 

method-Mapping, we try to explain the growing mechanism of 

silicon. The mechanism of forming silicon here is an epitaxial growth 

with the Fe lying between the CNTs and SiNWs rather than staying 

at the end of silicon, as is contradicted to some results discussed in 

some publications: in VLS mechanism for growing silicon nanowires 

through CVD method, the Fe catalyst is supposed to be found at the 

external end of SiNWs.     

The synthesis of carbon nanotube-silicon nanowires 
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heterojunction array and the research into the growth mechanism of 

SiNWs crystal and the quantum confinement effect are significant for 

preparing some other semiconductor nanostructures. However ,it 

needs further studies to grow various kinds of ultra-fine 

nano-composites selectively, so as to satisfy the demands for 

producing potential chemical and physical devices (e.g. FET, 

photoelectron transferring device, chemical sensor). 

Key words 

AAO template, Carbon nanotubes, Chemical Vapor Decomposition(CVD), 

Junction, array, Silicon nanowires, Vapor-Liquid-Solid(VLS) mechanism, 

Epitaxial mechanism.               
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