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4.5.1.2 Temperature Dependence of Mobility  

 

Figure 4.16 illustrates the variation of the mobility (μ) of the phosphorus dopant atoms 

with annealing temperature. The mobility deteriorates from about 184 cm
2
/V.s to        

67 cm
2
/V.s as the annealing temperature is enhanced. The enhancement in the dopant 

concentration with annealing, as seen in Figure 4.15, increases the possibility of a 

silicon host atom colliding with a dopant in a given time period and the shorter the 

mean free time between the collisions become, hence reducing the mobility. The 

reduced mobility with increasing annealing temperature is also inferred to the enhanced 

lattice (phonon) scattering. The phonon concentration enhances with annealing 

temperature, causing increased lattice scattering, which results in the reduced mobility 

[4.18].  

 

 

 

 

 

 

 

Figure 4.16: Temperature dependence of the mobility of n-doped Si NWs by means of the 

Hall effect. 
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4.5.1.3 Temperature Dependence of Resistivity  

 

The resistivity (ρ) values for the n-doped Si NWs were calculated using Equation (3.11) 

and were found to decrease from about 0.962 to 0.025 Ω.cm with increasing annealing 

temperature, as evident from Figure 4.17. The larger dopant concentration improves the 

conductivity of the n-doped Si NWs, thus reducing the resistivity with enhanced 

annealing temperature [4.16].  

 

 

 

 

 

 

Figure 4.17: Temperature dependence of the resistivity of n-doped Si NWs by means of the 

Hall effect. 
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Chapter Five: Conclusion and 

Recommendations 

 

Silicon nanowires (Si NWs) demonstrate unique electrical and optical properties 

compared to bulk Si for its use in photovoltaic (PV) applications. The two basic 

approaches for Si NW fabrication are the bottom-up approach, such as the vapour-

liquid-solid (VLS) growth, and the top-down approach, such as the recently developed 

metal-assisted chemical etching (MaCE) fabrication technique.  

In this study, n-doped Si NWs were synthesised from p-type MaCE-grown Si NWs 

using a phosphorus (P)-containing spin-on dopant (SOD) by means of a post-deposition 

technique. Most analysis on the diffusion doping of Si NWs are carried out with VLS-

grown Si NWs. Hence, there is a limitation in the understanding of the precise diffusion 

process of applying the SOD to MaCE-grown Si NWs.  

This study focussed on the effect of n-type doping on the morphological and structural 

properties of MaCE-grown Si NWs. Also the compositional and electrical transport 

properties of the n-doped Si NWs were interrogated.  

The morphological properties of the MaCE-grown Si NWs and n-doped Si NWs were 

studied using scanning electron microscopy (SEM) and transmission electron 

microscopy (TEM) characterisation techniques. The structural properties of MaCE-

grown Si NWs and n-doped Si NWs were studied using TEM and X-ray diffraction 

(XRD) characterisation techniques. The compositional and electrical transport 
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properties of n-doped Si NWs were studied using X-ray photoelectron spectroscopy 

(XPS) and the Hall effect measurement technique, respectively.  

The SEM results showed that the vertically-aligned Si NWs formed infers that the 

etching is isotropic and grows along the <100> direction. The SEM results also showed 

that the as-synthesised Si NWs and n-doped Si NWs accumulated at the tips due to the 

capillary action during the MaCE drying process; however, less Si NW bending and 

accumulation was observed at the tips due to reduced Si NW density in n-doped Si 

NWs. The average diameter and length of the n-doped Si NWs annealed at 700 °C and 

900 °C increased and decreased, as compared to the as-synthesised Si NWs and may be 

attributed to the extra layers created post-annealing and to sample damage during SEM 

preparation, respectively. The TEM results showed that the surface roughness post-

annealing for the n-doped Si NW enhanced as a result of the N2 carrier gas ambient.  

TEM and XRD studies confirm that the as-synthesised Si NW and n-doped Si NWs 

kept the single-crystalline diamond lattice structure of the bulk Si wafer.   

The XPS results showed that phosphorus dopant atoms exist mostly within the Si NW 

layer, due to the low diffusivity and high segregation coefficient of phosphorus in SiO2.  

The Hall effect measurement technique showed that the electrical transport properties of 

the n-doped Si NWs improved with increasing annealing temperature.   

Since there is a limitation in the understanding of the precise diffusion process of 

applying the SOD source to the MaCE-grown Si NWs, few to no resources explain the 

layer(s) formed post spin-on doping and post diffusion annealing. Hence, in this study 

proposed layers were created as can be seen in Chapter 2 (Figures 2.5 and 2.6) for the 

spin-on doping and diffusion drive-in processes, respectively. Hence, it is recommended 
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that the morphological and compositional properties post spin-on doping should be 

studied, as opposed to only studying the various properties post-annealing.  

For future reference, a solar cell (SC) based on n-doped MaCE-grown Si NWs can be 

fabricated after application of the drive-in diffusion annealing technique.   

 

 

 

 

 


