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Thin films with a higher refractive experience lower losses in reflection, but at the 

same time the thin films become more absorbent [3.49], which can be observed 

for both as-deposited series as annealing temperature increases. 

Similar trends are observed with the WD parameters, E0 and Ed, compared to the 

Eg (Tauc) as the annealing temperature increases. As the annealing temperature 

increases a decrease is observed in both E0 and Ed as seen in figures 3.25 and 3.26 

respectively. For MW 303 this trend is not obvious at first glance, as there are not 

as many data points as in MW 304. 

A deeper understanding of the a-SiNx microstructure is offered by Ed, which was 

obtained from the refractive index dispersion for the single oscillator model. The 

WD model was extensively used in describing the empirical relationship of the 

coordination number of the cation nearest neighbour to the anion; this was 

conducted on a variety of ionic, covalent and liquid samples. Ed can be expressed 

as [3.36]:  

          ,       (3.7) 

where β, Za, and Ne are constants specific to the material, and Nc the coordination 

number. The WD model was extended to describe amorphous materials such that  

  
 

  
   

  

  
  

  
 

  
  ,      (3.8)  

where a and b refers to the amorphous and crystalline form respectively. In an 

amorphous material Ed provides information and insight on the density and 

coordination number of the material.  

Analysis performed on the TO peak belonging to a-Si in Raman spectroscopy 

indicates an increase in the FWHM was observed after annealing MW 303 and 

MW 304 at 700
o
C, thus signifying an escalation in the disorder of the thin film. 
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The reduction in band gap, for both Eg (Tauc) and Ed observed indicates structural 

rearrangement of the material, and a reduction in Ed indicates that the density of 

the thin films increases as the annealing temperatures increase. The reduction in 

Tauc band gap is not due to a decrease in the conduction edge, but instead may be 

due to further tailing of the valence and conduction bands into the forbidden 

region as an increase in disorder occurs as indicated by the increase in Γ values 

observed in Raman Spectroscopy. The increase in disorder in the thin films due to 

the heat treatment, which causes structural rearrangement to take place at high 

temperatures. During the effusion of hydrogen and nitrogen, trap states may have 

been formed within the forbidden region, thus giving the illusion of a decreasing 

band gap, while increasing the absorption coefficient of the film. 

 

 

Conclusion 

XRD was performed to determine the bonding structure of the SiNx molecules in 

the thin film, and was characterised as amorphous in its as-deposited state. No 

change in the structure was observed after high temperature annealing and the 

structure retained its amorphous nature.  

Raman spectroscopy was used to determine if any changes in the short range 

bonding order occurred after being exposed to high temperatures. This was done 

by analysing TO peaks of the a-Si contributions in the as-deposited and annealed 

spectra and comparing the FWHM and ∆ϑb values. No change in the short-range 

order for the silicon matrix was observed for the as deposited and the annealed 
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thin film samples in both series, confirming the amorphous nature of the thin 

films.  

The measured values of Γ from the FWHM of the TO peak of a-Si:H allowed for 

the calculation of the RMS bond angle values of the same peak, the as-deposited 

samples correlated well with those for amorphous structures. After annealing an 

increase in the Γ values was observed and this was associated to an increase in 

disorder in the thin films.  

Fourie Transform Infrared Spectroscopy and Elastic Recoil Detection Analysis 

was conducted on the as-deposited and annealed thin film samples to probe both 

the bonded and total hydrogen contained in the thin films, as well as the overall 

bonded structure of the thin films. 

FTIR revealed that changes in the bonding structure occurs as the annealing 

temperature increased, causing a decrease in specific bonding configuration and 

an increase in others. At lower annealing temperatures rearrangement of the bonds 

are detected, after annealing at 600
o
C a huge loss in bonded hydrogen is observed 

in the MW 304 sample, with an increase in the bonded modes at lower 

wavenumbers.. Unfortunately the thin films belonging to the MW 303 annealing 

set were not stable at templeratures higher than 500
o
C and a similar trend could 

not be investigated. 

ERDA was conducted to reaffirm the trends observed in the FTIR as well as to 

track the changes in the total hydrogen content of the thin film. At lower 

annealing temperatures no significant change in the hydrogen content is observed, 

with slight changes in the bulk of the thin film. It is only once the thin films were 
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exposed to temperatures exceeding 500
o
C that a loss in the bulk of the thin films 

is observed. After annealing at 1000
o
C only surface hydrogen is observed. 

AFM and HRSEM were used to characterise the surface features present on the 

as-deposited and the annealed thin films for MW 303 and MW 304. An overall 

decrease in roughness was observed with increasing annealing temperature, as the 

protrusions seen in the as-deposited thin films were observed to decrease in height 

and width for each increase in annealing temperature.  

At high annealing temperatures (1000
o
C) two types of surfaces were detected by 

AFM, a blistered surface as well as a uniformly smooth surface, and this was 

corroborated with the use of HRSEM. The HRSEM detected little clusters of 

protrusions; this was not seen by the AFM due to the area selected on the surface 

of the thin film, whereas with the HRSEM, the chosen magnification and 

operating voltage allowed for a broader overview. 

The optical properties of a-SiNx both as-deposited and annealed were 

investigated. The thin films described here were deposited under varying 

conditions such as low flow rates and the low temperature of the wire, in contrast 

to the usually used conditions in literature. The results however are no different to 

those observed in the thin films deposited under high gas flow rates conditions 

and using deposition techniques such as the industrially favoured PECVD, with 

many of the same trends being observed. 

The OJL model used to describe the dielectric functions of semiconducting 

material was used to analyse the optical reflection spectra. A single layer OJL 

model on its own was not powerful enough to calculate the optical constants of 

the material, as the material is highly complex and riddled with inhomogeneities 
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due to the deposition effects. EMA theory was used to create more complex, and 

together an (EMA + OJL) optical model was used to calculate the optical 

parameters.  

The single oscillator WD model was used to calculate the optical constants from 

the results obtained from the optical model. A comparison is drawn between the 

Tauc band gap and the “centre of gravity” average gap. The latter band gap is 

calculated to be higher compared to that of the Tauc band gap, but follows the 

same decreasing trend as annealing temperature increases. 

The increase in disorder which was calculated in Raman Spectroscopy was 

correlated to the decrease in band gap as an increase in the number of trap states 

introduced into the forbidden region, and not the decrease of the conduction band. 

The refractive index was observed to increase as the annealing temperature 

increases, the refractive index values tended towards those of a-Si:H. As the 

annealing experiment progressed, and the annealing temperatures increased, 

hydrogen and nitrogen effused out of the thin films. The final product ultimately 

being like a pure semiconducting material such as a-Si:H, with the ∆ϑb values 

calculated corroborating these results.  
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Summary 

Chapter one highlights the need for sources of cheap alternative energy such as 

photovoltaic solar cells, which is a viable clean energy source to replace the 

depleting stocks of harmful fossil fuels. The conversion efficiency of a 

photovoltaic solar cell (bulk or thin film) can be increased by incorporating an 

anti-reflective coating, ensuring that the majority of the radiation is transferred to 

the active bulk layer deep within the solar cell. SiNx is put forward as a practical 

choice as an anti-reflective coating, as the optical parameters may be tailored by 

varying the deposition conditions. 

 

Chapter two undertakes a description of the deposition and post deposition 

conditions in the preparation of the two sample sets used in the current study, with 

details of the analytical techniques used in the characterisation of the thin films. 

The techniques include XRD and Raman spectroscopy for the determination of 

the structural changes which may have occurred during the heat treatment, FTIR 

and ERDA for the determination of the bonding structure and the total hydrogen 

content of the thin films respectively. AFM and HRSEM were used to study the 

evolution of the surface of the material, with increasing annealing temperature. 

The optical parameters such as refractive index and Tauc band gap were 

determined with the use of optical reflection measurements. EMA theory was 

required to successfully extract the optical parameters from the simulations.  
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In chapter three a comparison of the two types of thin films were conducted, 

describing how a difference in nitrogen content affects the overall structural and 

optical properties of the thin film during the annealing experiment. It was found 

that the thin films remained amorphous after annealing at 1000C. FTIR analysis 

showed an increase in Si-N bonds, and a shift to higher wavenumbers in both sets 

of samples. The total hydrogen content was found to decrease with an increase in 

annealing temperatures. AFM as well as HRSEM analysis revealed protruding 

structures on the surface of the thin film, which affected the as-deposited 

roughness in both series. The protrusions formed as a consequence of the growth 

process, and the size of the structures were observed to decreased as the films 

were exposed to high temperatures, reducing the overall roughness of the thin 

film. The major difference between the two series described is the difference in 

nitrogen over silicon ratio contained in the in the silicon matrix. During annealing 

the thin film with the higher N/Si ratio withstood a higher annealing temperature 

compared to the thin film containing the lower N/Si ratio, with refractive index for 

the higher N/Si ration containing thin film calculated to be lower when compared 

to the lower containing N/Si counterpart. This was attributed to the deposition 

conditions, as NH3 catalyses more readily on the hot wire compared to SiH4. A 

reduction in thickness is observed after films were exposed to high temperatures, 

as the residual gas diffuses outwards. 

 An overall decrease in band gap (Eg (Tauc) and E0) was observed as the refractive 

index increased with annealing temperature. A decrease in thin film density was 

observed as the annealing experiment progressed, and the optical parameters 

tended towards those of a pure semiconducting material, with the loss of 
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hydrogen, and the formation of absorbing Si-Si bonds. The changes in optical 

properties were linked to changes observed in structural techniques such as FTIR, 

Raman spectroscopy, and ERDA. 
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