ELECTRONIC STRUCTURE, STABILITY AND
ELECTRON TRANSPORT PROPERTIES OF
SOME METALLIC GLASSES

by

RAMESH CHANDRA BUDHANI
CEPARTMENT OF PHYSICS

Thesis submitted
in fulfilment of the requirements

of the degree of

DOCTOR OF PHILOSOPHY

to the

INDIAN INSTITUTE OF TECHNOLOGY, DELHI
AUGUST, 1982



TH
529 | QK (66 0SES
Aup = 1=

y 11T CENTRAl 1'PRARY ;
g Acc NIAH AUy, 17132

CL; i = (: s e e ]“‘ ‘- oo
Accd by C«No ...
Date of T su.:f 3 . i







THESIS SUPERVISORS

Head,
Thin Film - Solid State Techpology Cell,
Department of Physics,

Indian Institute of Technology, Delhi,

and

DRe TeC. GOEL Q\M\c&\w

Assistant Professor
Centre of Materials Science and Technology,.
Department of Physics, '
Indian Institute of Technology, Delhi,
New Dslhi - 110 016

INDIA.



ACKNOWL EDGEMENT S

I am deeply grateful to Professor K.L.,Chopra and
Br. T.CeGoel for their invaluable guidance, continuous
encouragement, bbjectiue‘criticism and inspiration during all
stages nf this work,

It has been my p}iuiledge to be a member of the Thin Film
Groups I have aluays enjoyed intensivé cooperation of all my
colleagues. I wish to thank especially to Dr, AP.Thakoor for
continuous encouragement during initial stages of this work and
Drs. fA.Banerjee and Se.Rajagopalan for help in XPS/AES studies.
I would also like to thank Dr, 0.S.Panwar, Mr. Satyendra Kumar
and Ms, Anjali Verma for Help in compilation of the thesis.

Mr. Satyendra had also been helpful in preparation of silicon
ribbons,

Thanks are also due ﬁo the technical staff of I,1.T.0Deglhi,
1 am gspecially thankful té fir, U,D.Aroré and Mr, VeKeDhar for
substantial help in electron microscopy and Xeray diffraction
work respeétively.

I am thankful to the Director, I.I.T.Delhi for provision of
necessary facilities. Research fellouship of I.I.T.Delhi is
gratefully acknouledged. I would alse like to acknouledge the
financial support given by the Dept. of Science and Technology,
Govt, of India, for my participation in the IV Intermational
Conference on Rapidly Quenched Metals® (Sendai=3apan; Aug. 19813,

Finally, It is my pleasure to thank Mr, S.D.Malik for

skilful and sfficient typing of the manuscript,

(ReCeBudhani)



ii

The electronic structure, stability and electron transport
properties of Pd-Ge and Cu-Zr metallic glasses, which
represent two major classes of glassy metals, have been
studied with fuger electron spectroscopy (#ES), X~ray photo-
electron spectroscopy (XPS), differential thermal analysis
(DTA), electron microscopy (EM) and X=ray diffraction ( XRD)
techniques and by measuring the electrical resistivity and
thermoelectric poyer over a wide temperature range., The
objective was to lcok intos (i) the role of cooling rate and
characteristic features of the equilibrium phase diagrams on
glass formation, (ii) the influence of topological disorder
on the electronic structure of d-sp and ded type alloys,
(iii) the role of electronic structure and alloy chemical
factors, like charge transfer and difference in the electro-
negativity of the constituents, touards the stability of the
glassy structures, (iv) applicability of the diffraction model
over the models which have been proposed to explain the high
resistivity and.. its anomalous temperature dependence in these
materials and a correlaticn between the alloy stability and
occurcnce of a negative TCR, and (v) the mode of atomic
transport below and above the glass transition temperature

and the kinetics of crystallization.

A vacuum melt spinning technique was designed and fabri-
cated in the laboratory and ribbons of Cu-Zr and Pd-Ge alloys
were mades On melt spinning of Cux2r1_x andlpdee,l_x alloys a
complete glassy structure is observed for x = 072 to 0,335 in
‘the former and x = 0.8 to 0.775 for the later system. The gun-
quenching leads to glass formation for x = 0,72 to 6,20 in
Cu-Zr = and 0.75 to 0.825 in Pd-Ge alloyse These
obéerUafions, when combined with the characteristic features
of the equilibrium phase diagrams, shouw that glass formation
in a two phase region is decided by the ccoling rate
whereas at the stoichiometric compositions the structure
and stability of the stoichiometric compound play a
deciding role, The glass transition and crystallization
temperatureg which increcase linearity with Cu content
in Cu~Zr alloys and show maximum at the eutectic for
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Pd-Ge system, are dependent on the degree of frozen in disorder,
The quenched-in disorder also decides the activation energy for
transformation of these glasses, The extensive use of XRD, ED

and OTh has shown that the glass to crystalline transformation
is polymorphous or eutectic decomposition types

In glassy Cu~Zr alloys, the d=bands of Cu and Zr shou a
shift towards higher and lower binding energies respectively,
The full width at half maximum of the constituent bands is
related to the short range order in the glass, A Gaussian shape
of the bands suggest a homogenecus distribution of the consti-
tuents in the structure. The shifts in the constituent bands
arise mainly from a change in the alley fermi level, A
comparative study of the valence band structure of the glassy
and crystalline alloys do not shou any change in the density of
states at the Fermi level, A shift in the masvv Auger, symmetry
of Pd,3d5/§3d3/2 spin orbit doublet and some modifications in
the valence band of the glassy alloy suggest a filled
Pd '4d' shell in the glass. Since the magnitude and sign of the
core level shifts do not support a flow of charge from Ge to Pd,
the observations have been understood in terms of an intra-atomic

charge transfer in Pd,

Electrical resistivity measurements on Cu=Zr and Pd-Ge
ribbons shou high residual resistivity ( >100 ptn-cm). The TCR
is small and positive for Cu652r35, Cu702r30 and all Pd=Ge alloys.
For remaining melt~-spun Cu~Zr glasses, the TCR is negative. The
room temperature thermopower of Pd-Ge glasses is negative whereas
for glassy Cu=Zr alloys the TEP is positive, 1In both the cases,
the thermopower varies linearly with temperature, High value of
the resistivity, nature of the TCR and thermopouer of these
alloys have been~compared with the predictians of the diffraction
model, elsctran configuration interacticn, electran mean free
path ¢ondition and s~d scattering by a detailed study of electron
atom ratio, structural data a(q) and photoemission results. It
has been shoun that the overall transport can be understoody
fairly well, in terms of the structural disorder scattering
(the diffraction model).
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For Pd=Ge system, crystallization temperature of the
cutectic glass (PdBUGOZU) is the highest, This behaviour
is understood in terms of maximum packing of the structure,
The lower degree of ionization of the Ge, as shown by XPS '
studies, however, requires a significant deviation from the
ideal Pclk model for the structure of transition metale
metalloid glasses.

For Cu~Zr alloys our studies show that a high viscosity
of the melt and a mutual compctition between a number of lau
melting point stoichiometric compounds to nucleate and grou
during solidification leads to structural chaos and thus,
the disordered structure of the liquid is frozen. The
subsequent stability of the structure uhich increases uith
Cu concentration is decided by the activation energy for atomic

transporte.

We have extended the melt-spinning technique to prepare
silicon ribbons, Our preliminary studies on the microstructure
and grouth morphology of the ribbons shou same interesting

features of the rapid solidification process,
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