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Films of polycrystalline silicon, silicon-germamum, silicides and gcrmanosilicides are useful in 

different stages of IC processing for various applications in advanced VLSI/ULSI technology. 

The thesis deals with some experimental investigations on polycrystalline SiGe films, advanced 

sihcidation techniques, and germanosilicide formation and characterisation. It also includes a 

theoretical study on the analytical modelling of polycrystalline thin-film transistors.

The ion beam sputtering method has been investigated for the deposition of 

polycrystalline silicon-germamum films of controllable composition from specially prepared Si

Ge targets. The microstructural and electrical properties of the films, both as-deposited, and 

crystallised by furnace annealing, have been investigated by various characterisation techniques. 

Fine grain polycrystalline films of average grain size 35-60nm and dominant growth along <220>

texture is observed. Hall measurements indicate an average mobility and concentration of 33
2 18 3cm fV -s and 4.85x10 cm’ respectively in boron doped polycrystalline Si0 7iGeo 21 films.

The silicidation of undoped polysilicon by solid phase thermal reaction of Ti/polysihcon 

bilayers at different temperatures has been studied. The sequence of phase formations, 

polymorphic phase transformations and the effect of phase transitions on surface morphology are 

investigated in detail. It is found that C49-TiSi2 phase nucleates first which grows by diffusion- 

controlled growth through Ti layer and subsequently gets transformed into low' resistivity C54- 

TiSi2 phase at high temperature. The nucleation of the observed silicide phases is discussed based 

on the classical nucleation theory considering nucleation barriers. The results establish a 

correlation of the structural, compositional and electrical properties of Ti-polycide films as a 

function of annealing parameters.

An advanced Ti silicidation technique suitable for very thin and narrow silicides of low 

resistance and better thermal stability required in submicron shallow junction technology is
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studied.  I he technique,  involving arsenic preamorphi sat ion implantat ion ( P A I ) before I'i 

deposi t ion and sequential  R’l’A is investigated and compared  with the convent iona l  sihcidation 

process.  The thin sil icides are characterised by var ious methods inc luding spectroscopic 

e l l ipsometry (SI-’) and thermal  wave  analysis (TWA).  As-PAI process renders  very low resistivity 

(- 19.6). iU-cm) compared to convent ional  process (~26(.i£2-cm) and exhibi ts  bet ter  uniformity,  

homogene i ty ,  surface smoothness  and good thermal stabili ty. It enhances the polymorphic 

t r ansformat ion rate and also promotes  resistance to agglomerat ion by providing greater  number  o f  

nucleat ion sites for easy nucleat ion o f  smal ler-gram C'54-TiS\;>. I'he de termina t ion o f  thickness o f  

thin si l icides by SH is al so presented.

Thin titanium germanosilicide films from thin Ti films (~27.5nm) are formed by solid 

phase reaction of Ti/Sio.62Geo,3g bilayer at different annealing temperatures ranging from 600"C 

to 800°C. The effect of crystallographic state of SiGe alloy film on the reaction, phase formations 

and polymorphic transformations, surface morphology and thermal stability of germanosihcides 

have been investigated by various characterisations techniques. Both amorphous and relaxed 

epitaxial SiGe films for the study are prepared by Ge implantations into Si wafer with appropriate 

dose and energy followed by different post-implantation RTA schemes. The reaction sequence is 

found to be similar to that in pure silicidation with sequential nucleation of C49-Ti(SiGeh and 

C54-Ti(SiGe)2 phases. The films formed on amorphous alloy layer exhibit lower polymorphic 

transition temperature (~750°C), smoother surface and lower sheet resistance compared that on c- 

SiGe films due to enhanced nucleation of C54 phase in the nucleation-limited polymorphic 

transformations observed in the films.

Polysilicon thin-film transistors are used in large area electronics for flat panel LCD 

displays. They, however, exhibit inferior saturation behaviour and enhanced kink effect at high 

drain voltages as compared to their crystalline silicon counterparts. The presence of gram 

boundaries makes it difficult to develop appropriate analytical model for I-V characteristics of the 

devices over a wide range of drain bias including the kink effect. A simple analytical model based 

on thermionic emission over grain-boundary bamer and scattering potential is proposed to predict 

the device behaviour in above-threshold-to-saturation region. It considers the channel length 

modulation and avalanche multiplication of carriers in the grain boundaries near the drain and 

hence computes the drain currents for a wide range of drain bias that match well the published 

device characteristics exhibiting kink effect. The model is applicable to poly-SiGe TFTs also with 

appropriate values of parameters relating to grams and grain boundaries.
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