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Abstract. The main task of the investigation was to perform the synthesis of gallium nitride 

nanowires using a low pressure chemical vapor deposition system. The nanowires were 

grown via a catalyst-assisted reaction based on the vapor-liquid-solid mechanism. 

The influence of catalyst, temperature and pressure on the growth of gallium nitride 

nanowires was explored. Optimal results were obtained at a temperature of 750 
o
C and at 

a pressure of 400 to 500 mTorr. 

 

 

1.  Introduction  

Next generation of integrated circuits could be realized according to a bottom-up approach in 

contrast with the current top-down paradigm. This approach would be based on the assembly 

of nano-size structures such as nanowires, nanotubes or nanobelts. In particular, nanowires 

have shown promising properties and are envisioned as building blocks for nanoelectronic 

and photonic devices. Single nanowire LEDs, lasers and transistors have already been 

demonstrated opening the path to the realization of functional devices based on one-

dimensional structures. Among the various kind of nanowire systems investigated today, 

Gallium Nitride (GaN) nanowires are of particular interest because this III-V semiconductor 

has already shown interesting properties in a bulk form. GaN is well-known for its resistance 

to temperature, strain and high electric fields. As a result, it is a material of choice for high 

power/high temperature applications. In addition, the optical properties of GaN are useful for 

optoelectronic device operating at ultraviolet and blue wavelengths [1]. 

GaN has interesting optical properties based on its direct and wide bandgap of 3.44 eV 

at room temperature [2]. With a direct bandgap, GaN is a natural candidate for light emission 

and detection (unlike silicon which cannot be used for optical applications because of its 

indirect bandgap). Besides, GaN belongs to the family of wide bandgap semiconductors 

similar to AlN (6.2 eV) and InN (1.9 eV). Its large bandgap places it as a material of choice 

for optoelectronic devices that operate in the blue and UV part of the spectrum which for 

a long time were inaccessible.  

Alloying GaN with InN or AlN enables creating compounds of different compositions 

that could potentially cover the entire range of the visible spectrum from the infrared to 

the ultraviolet [3]. Addition of indium shifts the emission of GaN towards the red part of 

the spectrum while aluminum incorporation results in a blue-shift of the emission. Because of 

this ability to tune the emission wavelength by varying the composition, III-nitride alloys (Al-

In-Ga-N) are very attractive materials for light emitting devices. Applications of this bandgap 

engineering are the green and blue LEDs made of InGaN as well as blue and ultraviolet laser 

diodes and detectors.  



 

Furthermore, GaN is well-known for its superior electrical properties and resistance to 

temperature and strain. GaN has above average mechanical and thermal stability. Because of 

its wide bandgap, GaN becomes intrinsic at a much higher temperature than Si or GaAs. This 

allows the devices made from GaN to be operated in high temperature environments. GaN 

benefits also from a high thermal conductivity (compared to Gallium Arsenide) that helps 

heat dissipation. Another feature that shows the strength of GaN material is its high 

breakdown field, estimated to be superior to 4 MV which is equivalent from ten to sixteen 

times the breakdown voltage of GaAs and Si respectively.  

Last but not least, GaN possesses remarkable electronic properties. It has high electron 

mobility and its saturated drift velocity reaches 3Ŀ10
7
 cm/s, three times superior to that of 

silicon [2, 4]. Because of these outstanding transport properties, GaN is widely used in high 

frequency applications. For instance, this potential for elevated mobility is exploited in High 

Electron Mobility Transistors (HEMT) based on AlGaN/GaN heterostructures. If we consider 

the combined figure of merit for high temperature/high power/high frequency applications, 

GaN is the best semiconductor in this category followed closely by SiC [2]. 

 

2. Experimental part 

The nanowires were grown via a catalyst-assisted reaction based on the vapor-liquid-solid 

mechanism [5]. The following experiments were performed with nickel as the catalyst as 

successful growth of nanowires was obtained with this metal. Silicon monocrystal wafers 

with orientation (100) were utilized as substrates. The first growth parameter to be varied was 

a temperature. In our case, four temperatures were tested: 700 ÁC, 750 ÁC, 800 ÁC, and 

850 ÁC. SEM images below show typical nanowire morphology obtained for each 

temperature. 
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Fig. 1. SEM images of GaN nanowires obtained at different growth temperatures. 


