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ABSTRACT

The thickness dependence at 300 and 80 K of the clectrical resistivity
(¢) and its temperature coefficient («), Hall coefficient (RH), mobility (/4.)
and themoelectric power (TEP) of as~deposited and annesled 100-3000 8 thick
evaporated polyerystalline copper films and films deposited at elevated
temperatures have been gtudied. ALl transport properties, with the notable
exception of TEP, in carefully prepared snd well-charscterised films exhibit
monotornically increasing size effects with decreasing film thickness. Both
annealing and deposition at elevated temperatures cause considerable reduction
of the "apparent" size effects in all the transport properties of the rocm-
temperature deposited films. A oritical analysis of the observed size effects
shows that the dete in all cases depart markedly from the predictions of the
Fuchs-Sondheimer theory (and also that of the Mayadas-Shatzkes theory which
takes into account the grain boundary surface scattering), The departure from
theory is different for each transport property. The amnealing studies show
that the enhanced size effects are due to the presence of a large concentration
of structursl defects in the films. The themmopower data suggest that the
large concentration of defects causes distortion of the Femi surfasce and
thereby a strong energy dependence of the mfp or relaxation time at the Fermd
surface.

Kinetics of annealing of the transport properties §, Ry, M and TEP
of thin (160-3000 ) copper films deposited at temperatures ranging from 80 to
600 K have been studied. The activation emergy for the asscciated recovery
process has been obtained from the observed isothermal and igochronal chenges
in the resistance of the films, This energy increases from a velue of 0.7 eV
at 2000  to 1.4 eV at 180 & for Cu films deposited at 300 K. Chenges in %,

Ry and /LL on snnealing are found to decrease with film thickness snd deposi tion
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and annesling temperaturss. On the other hand, changes in TEP due to
annesling increase with film thickness up to 3000 % the rate of changs
depends sensitively on deposition temperature. Annealing does not affect
the temperature dependence of Ry and TEP, These results together with the
information en the microstructure (particularly the grain gize) of films and
the known scattering behaviour of various types of structural defects in bulk
Ou lead us to oonclude that the reduction in ¥, Ry and 4 on ennealing is due
to annihilation of point defects, primarily vacsncles. The dislocations do
not affect these properties significently. However, the corresponding changes
in TEP are due to the decresge in the concentration of vacancies as well as
the density of dislocations. Quantitative effects of vacencies and dislocations
on RH and TEP have been deduced from the observed data. The enomously large
contributions of these defects may be understood qualitatively in tems of the
variations in the density of hole-like states end/or the energy dependence of
conductivity at the Fermi surface, csused by changes in the extent and/or degree
of curvature of the necks at the Femi surface,

In order to understand the role of impurities in Cu films, the resisti-~
vity, Ry, « s M and TEP of Cu-based alloy films containing 1, 2 and 5 at.? of &l,
Ge and Sn, in the temperature range 80 to 600 K, have been investigated.
Electronmicroscopy and electron diffraction studies have been carried ocut to
gtudy the struetural details of the films. The composition of the alloy films
has been ascertained by mass—spectrometer analysisg. Thé registivity increages
linearly (and the ICR decreases correspondingly) with concentration of the
impurities in accordence with Matthiessen's rule. The magniiude ag well as
the temperature of RH and M decrease on addition of impurities. Typically, the
magnitude of R, reduces from 5.5 (in units of 10° cn® Cc;u.l"l) to approximately
4.7 by 5 at.%4 AL, to 2.7 by 5% Ge and to 3.1 by 5% Sn for annealed films., At
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a concentration of § at.4 Ge and Sn, the temperature dependence of Ry of Cu
is reversed. The addition of 5 at.% Al makes Ry independent of temperature.
The TEP of Cu is reduced by the addition of all these impurities. The
observed electron transport properties have been explained in tems of
scattering behaviour of electrons and hole states in & mixed conduction
mechanisn (hence snisotropy of relaxetion time) and distortions of the Femdi
surface of Cu.

The investigations reported in this thesis are of direct interest in
understanding the thermal and ageing stability of thin film registors of high

preclsion.
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