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ABSTRACT

The strueture and growth of amorphous Ge films depositud at
an anglc of incidwnce ranging from 0° to 80° have been studicd by
clectronzicroscopy and electron diffraction as a function of the
film thickness, deposition temperature, deposition rate, and
anmealing tomperature. Like crystalline films, the growth of
amorphous films préceeds via random micleation contres and is
controlled by the small but finite adatom mobility. The small
adaton mobility results in the formation of a large concentration
of vacancics, vacancy clusters, voids, and associatod dangling bonds
in a~Ge films. The adatom mobility is enhanced by the olovatcd‘
deposition tamperaturcs and oblique incidence of vapour and,
consequently, the concentration of vacancy clusters and voids
decrcascs., The formation of colunns and the .docora‘bion of structural
defocts (associated with the cleaved NaCl single crystel substrate )
during the grovth of a-~Ge films are a dircct conscquence of the
enhanced a:iatom mobility. The obscrved thickness dependance of the
resistivity and the veristion of density, crystellization tempcrature,
and short range order with the devosition peramcters arc in accord
with the structural model as deduccd from our obscrvations of the
growth behaviour of a~Ge films. The marked structural changes in
a~Gc films on deposition at an angle of incidence result in signifi-
cant changes in their physieal, cleetrical, and optical propertics.

The presence of a microstructurc, different from that of

room temperaturc deposited normal-incidence film, in obliquely



devosited, high temperaturc deposited, and anncaled films and the
associsted low concentration of dangling bonds and voids result in
the decrcase of clectrical conductivity, density of localized statos
st the Fermi level and band cdges, low frequency refractive index,
extinetion coefficicnt ané. absorption ab low encrgies ond in the
incrcasc 01? activation cnergy (at and below room tcmpcraturc) ’
thormoclectric power, and optical gap. The high tomperature
activation cnergy value of 0.55 ¢V remaing constant irrespective

of the sample history. A rclatively sharp absorption cdge at «.;O. 56
¢V is obscrved for room temperaturc deposited normel incidence film.
Oblique and/or high temperaturc deposition and annealiﬁg result in
the sharpening of the absorption edge with an associated shift
towards higher cnergics., Oblique and/or high temperature deposition
also scoms to stabilize the amorphous structurc against further
agcing and annoali.ng treatments. The results of our clectrical and
optical studies can be understood on the basis of the proposed

asymmetricel encrgy-band modcl.
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