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' ABSTRACT

Reactive Ion Beam Sputtering Technique (RIBS) fo r  deposit­

ing hydrogenated amorphous s i l ico n  (a-S i:H ) has been set up in 

an u ltra  high vacuum system. Various deposition parameters have 

been optimized to get a device quality  material.

To filluc idate the ro le  o f  hydrogen in terms o f i t s  s ize 

and e le c tron ega tiv ity  e f fe c ts  in hydrogenated amorphous s il icon  

and also in search o f  better qua lity  material i t  has been alloyed 

with halogens such as chlorine and bromine and thus obtained 

material studied in deta il fo r  i t s  structure and op toe lectron ic- 

properties.

Looking fo r  dopants other than phosphine (o r  Phosphorous) 

and diborane (o r  Boron), the material (a-S i:H ) has been success­

fu l l y  doped n-type with nitrogen. However when incorporated in 

higher concentration i t  i s  found to predominantly a lloy  with 

ct-Si:H. The two, doping and a lloying regimes, have been separated 

in  terms o f e le c t r ic a l  and op tica l properties o f the material as 

well as in terms o f  chemical bonding configuration o f  the impurity 

atom. For the f i r s t  time using X-ray photoelectron spectroscopy 

(XPS) technique, upper so lid  s o lu b i l i ty  l im i t  o f  an impurity atom 

in an amorphous material has been found.

A ll the prepared materials (v i z .  a -S i :H  in i t s  pure, 

doped and alloyed form and under various deposition conditions) 

have been characterized fo r  th e ir  structure using transmission 

electron microscopy ( TEM) and scanning electron microscopy (SEM),



v iii

fo r  hydrogen concentration and i t s  various bonding Configuration, 

along with that o f  other elements present in the amorphous s i l icon  

as base material, using in frared (IR) spectroscopy, and fo r  

composition and purity  using Auger electron spectroscopy (AES).

XPS was also used in case o f  the nitrogenated material fo r  s tr ­

uctural analysis. Activated nuclear resonance reaction analyses 

was used to crosscheck the results  from IR measurements for  to ta l  

H content. The opt ica l  constants, bandgap o f  the materials and 

spectral dependence o f  their  respective absorption coe f f ic ien ts  

were calculated from the re f lectance and transmission data.

For the e le c t r ic a l  and other optoelectronic properties and for  

information on density o f  states in the gap, measurements o f  

temperature dependence o f . conductivity, photoconductivity spectral 

and f i e l d  dependence o f  photoconductivity and space charge 

l im ited  current were done. Various material properties have been 

correlated with each other and also with the various deposition 

parameters. An undestanding about the various character ist ic  

parameters and about, the t a i l o r a b i l i t y  o f  the material with 

spec i f ic  properties within a certain l im ited  range has also been 

developed. '
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