
 

 

 

 

 

 

 

 

 

The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 
 

Univ
ers

ity
 of

 C
ap

e T
ow

n



LIGHT ELEMENT ANALYSIS IN AMORPHOUS 

AND NANOCRYSTALLINE SILICON USING ERDA 

AND RELATED TECHNIQUES. 

By 

Olusegun Adegbite 

A dissertation submitted in fulfilment of the requirements for the degree of 

Master of Science 

in the 

Department of Physics 

University of Cape Town 

February, 2006 

I ~ 

Univ
ers

ity
 of

 C
ap

e T
ow

n



DECLARATION 

I, the undersigned, hereby declare that the work contained in this thesis is my own 

original work and has not previously in its entirety or part been submitted at any 

University for a degree. 

Signature Date 

17th February, 2006 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Declaration ....................................................................................... i 

Table of Contents ............................................................................... ii 

Abstract ........................................................................................... iv 

1.0 Introduction .................. .......................................................... .1 

2.0 Amorphous and nanocrystalline silicon ........................................................ 4 

2.1 Structure forms of Silicon and their properties ............................... .4 

2.1.1 crystalline silicon ....................................................... 5 

2.1.2 amorphous silicon ....................................................... 5 

2.1.3 nanocrystalline silicon ................................................ 8 

2.2 Synthesis of a-Si:H and nanocrystalline silicon ............................. 8 

2.2.1 Deposition of a-Si:H by HWCVD ................................... 8 

2.2.2 Mechanical attrition and high energy ball milling ............... 11 

2.3 Hydrogen and other impurities .............................................. 13 

2.4 Amorphous silicon, nanocrystalline silicon and ion beam analysis .... 13 

3.0 Introduction to Ion Beam analysis and Scanning Electron microscopy ..... 16 

3.1 Ionbeamana1ysis ... (IBA) .................................................. 17 

3.1.1 Particle Induced X-ray Emission (PIXE) ........................... 18 

3.1.2 Channelling ............................................................ 18 

3.1.3 Secondary Ion Emission ........................................ 18 

3.2 Rutherford backscattering spectrometry ............ .. .. .. .. .. .. .. .. .. .. .... 18 

3.2.l Fundamentals of Backscattering ..................................... 20 

3.2.2 Scattering cross section ................................................ 21 

3.2.3 Elemental Sensitivity .................................................. 23 

3.2.4 Energy loss and Stopping cross section .............................. 24 

3.2.5 Depth Profiling ......................................................... 26 

3.2.6 RBS Spectrum ......................................................... 28 

3.3 Elastic recoiled detection analysis ........................................... 29 

3.3.1 Fundamentals of ERDA ............................................... 30 

3.3.2 Scattering cross section and Quantification ......................... 32 

3.3.3 Stopping power and Straggling ...................................... 32 

3.3.4 ERDA Spectrum ....................................................... 34 

11 

Univ
ers

ity
 of

 C
ap

e T
ow

n



3.4 Resonance scattering spectrometry .......................................... 34 

3.5 Scanning electron microscopy ............................................... 36 

4.0 Experimental Techniques ............................................................. 37 

4.1 Sample preparation ............................................................ 37 

4.1.1 Hydrogenated amorphous silicon .................................... 37 

4.1.2 Nanocrystalline silicon ................................................ 39 

4.2 Film characterization .......................................................... .40 

4.2.1 Experimental setup ................................................... .40 

4.2.2 Beamline ................................................................. 41 

4.2.3 Experimental Chamber. ............................................... 42 

4.2.3.1 RBS/Resonance Scattering .................................. .42 

4.2.3.2 Elastic Recoil Detection Analysis ......................... .45 

4.3 Scanning electron microscope ................................................. .47 

5.0 Results ...................................................................................... 49 

5.1 RBS/Resonance Scattering .................................................... .49 

5.1.1 RBS/Resonance scattering on nanosilicon powder. .................. 58 

5.2 Elastics Recoil Detection analysis ............................................ 60 

5.2.1 Spectra for hydrogen content as-deposition .......................... 60 

5.2.2 Hydrogen content after illumination .................................. 66 

5.2.3 Hydrogen content: Nanocrystalline powder .......................... 70 

5.3 Scanning Electron Microscopy ................................................ 71 

6.0 Discussion ................................................................................. 74 

7.0 Conclusion ................................................................................. 80 

Acknowledgements .............................................................................. 82 

References ........................................................................................ 83 

111 

Univ
ers

ity
 of

 C
ap

e T
ow

n



ABSTRACT 

Incorporation of hydrogen and other light element impurities playa significant role in the 

metastability of hydrogenated amorphous silicon. In this work, investigation of light 

elements incorporated in the amorphous silicon network of hydrogenated and 

nanocrystalline silicon were analysed by using ion beam analytical techniques. To do 

this, amorphous silicon films were deposited by hot wire chemical vapour deposition, and 

a unique sampling method was developed for the analysis of nanocrystalline silicon 

powder. The combinations of non destructive, quantitative and sensitive Rutherford 

backscattering, resonance scattering and elastic recoil detection analysis were used in 

analysing these samples. 

Oxygen was detected as the only contaminant at a concentration between 2- 6 at % in 

both hydrogenated amorphous silicon and nanocrystalline silicon, incorporated during 

and post-deposition. In the hydrogenated amorphous silicon the concentration of 

incorporated hydrogen was analysed by determining the hydrogen content in two states: 

as-deposited and after light illumination of the samples. The hydrogen content was seen 

to be decreasing with illumination time, indicating the role of hydrogen in the 

degradation of a-Si:H samples. In contrast, the hydrogen content in the nanocrystalline 

silicon powder was very low. The results obtained from the ion beam techniques were 

correlated with results from Fourier transform infrared analysis and scanning electron 

mICroscopy. 
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7 CONCLUSION 

In this work, characterization of hydrogenated amorphous silicon and 

nanocrystalline silicon powder has been done using the combined techniques of 

elastic recoil detection analysis, Rutherford backscattering and resonance scattering, 

and scanning electron microscopy. Correlation of the result was made with Fourier 

Transform infrared spectroscopy. 

The results of the ion beam analysis has identified oxygen as probably the only light 

element impurity in both hydrogenated amorphous silicon and nanocrystalline 

silicon powder at a concentration varying between 2 - 6 at %. In hydrogenated 

amorphous silicon, deposited at higher temperature (500°C), it was revealed that the 

impurity is only present in near the surface region of the material, while the 

contaminant is uniformly distributed throughout material deposited at a lower 

temperature of 350°C. The contamination of this impurity in the material might be 

attributable to exposure to air and also during growth in the case of a-Si:H. Samples 

Mw136 and Mw145, show the vulnerability of the deposited material to impurities. 

The total hydrogen content is observed to average around 10% irrespective of the 

growth temperature, which strongly suggests that, this is determined by the flux of 

hydrogen during the deposition process. This is in turn determined only by the gas 

parameters. 

Furthermore, the hydrogen content in as-deposited a-Si:H was seen to decrease 

when illuminated for four hours, continuing for eight hours illumination. The 

correlation made with FTIR revealed the shifting and formation of additional 

vibrational modes that signified formation of hydride and di-hydride complexes, 

which implies that there is formation of more dangling bonds in the material. 

The hydrogen content analysed by ERDA showed higher atomic percentages than 

that given by FTIR because the ERDA measured the total hydrogen content while 

FTIR measured the bonded hydrogen. 
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The hydrogen content in the silicon nanoparticles is lower than for the a-Si:H layer. 

Furthermore, there is no significant change on the exposure to air for one week. 

This suggests that the particles are highly crystalline and compact, and that the 

hydrogen is in the bulk particles. 
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