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ABSTRACT

This thesis describes a detailed study of the Co//Si(111) solid phase epitaxial
system using a combination of electron diffraction theory, symmetry theory and
experimental electron microscopy observations.

A large part of this study concentrates on mixed type-A and type-B
CoSi,//Si(111) bicrystals with epilayer thicknesses of approximately 50A. Darkfield
micrographs formed with bulk type-B CoSi, beams show a characteristic patchwork of
contrast levels. To explain the origins of these contrasts the dislocation arrays present in
the type-B CoSi,//Si(111) interface are theoretically analysed and the kinematic
structure factor equation is used to model the scattered intensities from adjacent regions
of the interface separated by steps. The results of these calculations are found to be
inconsistent with some of the contrast levels measured directly from the micrographs.
Using the Si forbidden reflection technique the interfacial steps are then directly imaged
and are seen to have a similar distribution to the patchwork of contrasts. In weakbeam
darkfield micrographs the interfacial dislocations are shown to run along the boundaries
between these characteristic levels of intensity. By studying the interface in cross-
section it is concluded that the patchwork of contrast levels are arising from both large
changes of interfacial level associated with faceting and much smaller changes in
interfacial level associated with steps. Theoretically, it is predicted that the interfacial
dislocation can be associated with number of different interfacial levels and the
experimental observation are found to be consistent with this.

As an extension of this work kinematic intensity calculations are then used to
show that the levels of contrast arising from areas separated by interfacial steps are
dependent upon the precise interfacial structure. If the specimen is imaged with one
diffracted beam then the interfacial structure cannot be unambiguously assigned.
However, a method is developed which allows the interfacial structure to be determined
by quantitatively analysing the levels of contrast from a specific area when imaged
with two carefully chosen beams. This method is applied to show that the

interfacial structure in a number of different regions of the bicrystal is consistent



with the 7-fold coordinated model.

In the bicrystals with S0A thick type-A and type-B CoSi,/Si(111) epilayers a
number of line defects are seen which are distinct from the interfacial dislocations.
Under a number of systematic imaging conditions these defects are shown to behave in
a manner which is distinctly different from that expected from dislocations or planar
faults. Using theoretical modelling these defects are characterised as disclination dipoles
and are, subsequently, shown to be consistent the observed invisibility conditions. By
using the fact that contrast from these defects depends characteristically upon the sign
of the deviation parameter, they are shown to be present in all of the type-B
CoS1i,//Si(111) bicrystal studied in this thesis. Furthermore, the precise origins of these
defects are determined from samples containing 20A thick epilayers.

The study of the CoSi//Si(111) bicrystal is thought to be essential in
determining nucleation mechanisms of type-A and type-B CoSi, In this thesis
bicrystallographic symmetry theory is used to predict the number of variants, the
domain structure and the interfacial defects that can arise in this complex epitaxial
system. TEM techniques are then used to experimentally identify these defects in the
bicrystal. Diffraction pattern information is used to show the presence of two
degenerate orientational variants, darkfield microscopy is used to image pairs of
domains and weakbeam microscopy is used to characterise the interfacial dislocations.
As a result of these studies, other defect structures in the epilayer are also identified;
namely: disclination dipoles and {100 }planar faults. No obvious correlation between
different regions of CoSi and the subsequent formation of type-A and the type-B CoSi,

was found.
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“Line defects are ubiquitous features in interfaces....”

R C Pond, ‘Dislocations in solids’ vol.8 chapter 38 line 1.

“ubiquitous adj. having or seeming to have the ability to be everywhere at once;

omnipresent.”

The Collins English Dictionary.
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Chapter 1: Background and introduction.

1. BACKGROUND AND INTRODUCTION.

1.1. Background.
1.1.1. Foreword.

Epitaxially grown metal silicides are used in Si based microelectronics
components as Schottky barriers, gate electrodes and interconnects. Almost all the
transition metal silicides have been grown epitaxially onto silicon substrates ( e.g. Chen
and Tu(1990)). However, most of the progress towards a fundamental understanding
of metal//semiconductor contacts has been carried out on the PtSi//Si, Pd,Si//Si,
NiSi,//Si and CoSi,//Si systems. The following review concentrates on specific areas of
epitaxial silicide//silicon research which are relevant to this thesis.

The chapter begins by reviewing the work carried out to date on the NiSi,//Si
and CoSi,//Si epitaxial systems. Within this section the different growth techniques,
interfacial structures, surface structures and interfacial defects are discussed in separate
sections. The final section emphasises the link between the precise interfacial structure
and the electrical properties of the bicrystal. The defects found in the Pd,Si//Si(111)
epitaxial system are also covered because of their special significance to subsequent

chapters.
1.1.2. The NiSi,//Si and the CoSi,/Si epitaxial systems.
(i). Introduction.

NiSi, and CoSi, have CaF, structures with space groups Fm3m and lattice
parameters 5.406A and 5.365A respectively. On a Si substrate the close match between
the crystal structures may result in their lattices being orientationally aligned. This
minimises the misfit strain in the NiSi, and CoSi, to -0.4% and -1.2% respectively.
NiSi, and CoSi, have been grown successfully on a number of different Si surfaces.

2



Chapter 1: Background and introduction.

On Si(100) CoSi, grows in two orientations (Yalisove et.al.(1989a)). The first
orientation is in parallel alignment, whereas the second has an epitaxial relationship
CoS1,(110)//Si(100) and CoSi,[1T0]//Si[010]. There are two energetically degenerate
variants of the latter orientation because the symmetry of the Si substrate has been
broken. Two orientations of NiSi, and CoSi, have also been found on a Si(111) surface
(Tung et.al.(1982)). The type-A orientation is aligned with the Si substrate, whereas
the type-B is rotated by 180° about the [111] surface normal. These are illustrated in
Fig.1.1.. The type-B orientation is analogous to a conventional twin found in cubic
crystals. On a Si(110) substrate CoSi, has also been found to grow in a parallel
orientation (Yalisove et.al.(1989b)). Growth onto higher index planes has been carried
out by Phillips et.al.(1990). They have found two orientations of CoSi, to be present
on both Si(211) and Si(311) surfaces. The first of these is in parallel alignment with the
Si substrate, whereas the second is rotated by 180° about the [111] surface normal.
These are analogous to the type-A and type-B orientations of CoSi, found on the
Si(111) surface. The authors have concluded that this arises because the Si(211) and
Si(311) surfaces are partially composed of (111) facets.

(ii). Growth techniques.

There are a number of methods by which epitaxial CoSi, and NiSi, can be
grown onto a Si substrate. The reaction technique, or solid phase epitaxy (SPE),
involves the deposition of the metal at room temperature followed by an annealing step
under ultra high vacuum (UHV) conditions. Using this method the ratio of type-A to
type-B NiSi, is found to be dependent on the thickness of the Ni initially deposited
(Tung et.al.(1983a)). With the correct initial deposition it is possible to produce either
single crystal type-A or type-B NiSi,. Tung(1987) has shown that this dependence of
the epitaxial orientation upon the thickness of the epilayer is related to the room
temperature Ni-Si intermixing and the kinetics of the reaction. He proposed that the
type-B NiSi, grows at small thicknesses because it has a lower interface free energy,

whereas the type-A NiSi, grows at larger thicknesses because of an advantage in
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Chapter 1: Background and introduction.

growth kinetics. The first of these proposals has been backed up by pulsed laser
melting experiments, where type-B NiSi, is seen to grow at the expense of type-A
NiSi, (Tung et.al.(1983b)). The recent calculations by Fujitani and Asano(1988) are
also consistent with type-B NiSi, having a lower interfacial free energy than type-A. It
has also been suggested that the formation of type-B NiSi, may be controlled by
reaction kinetics rather than energetics (Comin et.al.(1983)). In situ TEM annealing
experiments have been carried out by Gibson and Batstone(1989) to follow the solid
state reaction sequence. They found that if the initial thickness of Ni is less than 254,
then both 3-Ni,Si and metastable @-Ni,Si are formed at 300°C. Upon further annealing
the latter phase was found to transform to type-A NiSi, and 8-Ni,Si was found to
transform to type-B NiSi, Gibson et.al. have suggested that the free energy of the
metastable @-Ni,Si is a function of its thickness. This conveniently provides an
explanation for the ratio of type-A to type-B NiSi, being dependent upon thickness.
From the literature it would seem that there may be more than one mechanism for the
formation of type-A and type-B NiSi,. Clearly precursor phases have some role to play,
but the details of the exact transformations are far from understood.

Similar in situ TEM annealing experiments have been carried out by Gibson
et.al.(1987) and Phillips et.al.(1989) on the Co//Si(111) system. They have suggested
that the type-A and type-B CoSi, transform from Co,Si and CoSi respectively. The ratio
of type-A to type-B CoSi, has, also, been found to be dependent upon the thickness of
Co initially deposited. If less than 10A of Co is deposited type-B CoSi, forms
immediately at room temperature, whereas if greater than 10A of Co is deposited both
type-A and type-B CoSi, form upon annealing to 650°C. The ratio of type-A to type-B
CoSi, wasreported as 1: 3 at 42A and 1:1 at 84A (Batstone et.al.(1989)). CoSi
has, also, been seen on Si(211) and Si(311) surfaces when the deposited Co is heated
to 460°C (Phillips et.al.(1990)). The authors found the ratio of type-A : type-B has a
thickness dependence similar to growth on Si(111), with type-B CoSi, forming at room
temperature when less than 10A of Co is initially deposited. As yet, the precursor
phases in the Co//Si(111) system have not been studied in depth, and it is clear that a
great deal of work is needed to unambiguously determine the mechanisms of type-A

4



Chapter 1: Background and introduction.

and type-B CoSi, formation.

The fabrication of thin film CoSi,//Si(111) bicrystals using the SPE method
leads to the formation of pinholes (Tung et.al.(1986) and Hunt et.al.(1987)). When
pinholes are present in the CoSi,, growth of good quality Si//CoSi,//Si double
heterostructures is found to be impossible. These are of great importance to the micro-
electronics industry because they can be potentially used as buried bases in metal based
transistors (MBTs).

If the metal is deposited onto a Si(111) surface under non-UHV conditions then
once again mixed type-A and type-B NiSi, and CoSi, epilayers are formed. However,
the interface is now heavily faceted, with facet planes planes {111} and {100} (Chen
et.al.(1982)). Interfacial faceting has also been found in NiSi, and CoSi, epilayers
grown onto Si(100) substrates (Kiely(1986)).

Another method of growing epitaxial NiSi, and CoSi, is by the co-deposition of
the appropriate metal and Si in the correct stoichiometric ratio in a molecular beam
epitaxy (MBE) chamber operating under UHV conditions. At room temperature a
maximum thickness of 40A of type-B CoSi, has been grown by d’Anterroches
et.al.(1988). Above this thickness amphorous silicide begins to grow on top of the
crystalline type-B CoSi, layer. When deposition rates are high, the epilayer contains a
large number of pinholes and large densities of interfacial dislocations. By optimising
the deposition rate and substrate temperature uniform single crystal type-B CoSi, layers
can be grown. However, it seems unlikely that the dislocation densities in these films
can be reduced to below 10'° cm2 More pinholes were found in Co rich layers and

more interfacial dislocations in Si rich layers.

The most recently developed method for the production of epitaxial silicides is a
two step process called the template technique (e.g. Tung(1989)). The first step
involves the growth of less than 20A of good quality silicide by the deposition of the
metal at room temperature followed by an anneal. With the correct initial thickness of

Ni either single crystal type-A or type-B NiSi, templates can be produced, whereas Co
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Chapter 1: Background and introduction.

deposition produces only type-B CoSi, Once the template has been formed thicker
silicide layers can be grown using MBE or SPE. These are found to maintain the
uniformity of the template layer. This technique has been used to grow approximately
300A thick CoSi, epilayers which have good crystalline quality (Tung et.al.(1990)).
Successful growth of uniform CoSi, onto Si(111), Si(100) and Si(110) substrates has
been achieved using this technique.

(1i1). Interface structures.

The suggested structures of the NiSi,//Si and the CoSi,//Si interfaces are models
where the tetrahedral bonding of the Si atoms and the octahedral bondin g of the metal
atoms are maintained at the interface. The names given to these structures reflect the
coordination of the metal atoms nearest the interface, for example the 8-,7-,6- and 5-
fold models (e.g. Tung(1989)). Using HREM image simulations Cherns et.al.(1984)
have found the NiSi,/Si(100) interfacial structure to be 6-fold coordinated. This has
been confirmed using convergent beam electron diffraction (CBED) by Eaglesham
et.al. (1989). A projection of this interfacial structure along the [01T] direction is
shown in Fig.1.2.. A 2x1 reconstruction has been found at this interface by Loretto
et.al.(1990). This model inserts an extra plane of Si atoms at the interface, making the
Co atom 8-fold coordinated and allowing the Si dangling bonds to reconstruct. There
are two symmetry equivalent reconstructions which occur at different interfacial levels.

On a Si(111) surface the suggested interfacial structures are the 7-fold, the 8-
fold under coordinated, the 8-fold over coordinated and the 5-fold models. Each of
these structures for both the type-A and the type-B di-silicides are shown in Fig.1.3..
HREM studies of type-A and type-B NiSi,//Si(111) by different groups have found
both interfaces consistent with the 7-fold models (Cherns et.al.(1982a) and Foll
(1982)). This has been confirmed using X-ray standing-wave (XSW) and medium-
energy ion scattering (MEIS) techniques (van Loenen et.al.(1985) and Robinson
et.al.(1988)). The theoretical calculations carried by van den Hoek et.al.(1988) have
also shown the 7-fold NiSi, interfacial structure to have the lowest free energy. Using

6



Chapter 1: Background and introduction.

X-ray techniques the Si-Si bond length has been found to contract slightly at the
interface for both the type-A and the type-B NiSi, (Vlieg et.al.(1986)).

Although there is general agreement on the NiSi,//Si(111) interfacial structure,
there still remains controversy over the structure at the CoSi,//Si(111) interface. An
HREM study of type-B CoSi, by Gibson et.al.(1982b) suggested a 5-fold coordinated
model. XSW and MEIS measurements have also been consistent with this interfacial
structure (Fischer et.al.(1987) and (1988)). However, structure determination using
these techniques relies on measuring rigid body shifts at the interface. Consequently,
the 5-fold model and the two 8-fold models are indistinguishable. The theoretical
calculations carried out by van den Hoek et.al.(1988) have estimated the interfacial free
energy of the 5-fold model to be greater than that of the 8-fold model. They have also
predicted that the 8-fold model is energetically more favourable than the 7-fold model,
and type-B CoSi, is energetically more favourable than type-A CoSi,. Therefore, it is
possible that the interfaces which have been assigned as 5-fold coordinated model could
in fact be 8-fold coordinated. Controversially, Tung et.al.(1988) have found their
HREM studies consistent with the 7-fold type-B CoSi,//Si(111) interface. The authors
have suggested that a single interface may contain more than one interfacial structure. In
contrast to the NiSi,//Si(111) system a slight expansion of the Si-Si bond length at the
interface has also been found in the CoSi,//Si(111) bicrystal (Fischer et.al.(1987)).

Interfacial phase transformations have also been observed in 25A thick type-B
CoSi,//Si(111) bicrystals by Eaglesham et.al.(1990). These were grown by UHV co-
deposition at room temperature, followed by a subsequent in situ annealing step at
300°C. Plan view TEM darkfield imaging showed these films to have a lower
symmetry than expected. X-ray diffraction and cross-sectional HREM led Eaglesham
et.al. to conclude that this loss of symmetry arises from an approximately 94 thick non-
cubic CoSi, phase forming at the interface. It has been shown that this phase
transformation is reversible, with the bulk structure forming at 180°C. It has been
proposed that this structure lowers the interfacial free energy for certain stoichiometries,
while bulk constraints stop the whole of the type-B CoSi, from transforming.



Chapter 1: Background and introduction.

(iv). Surface structures.

Two different surface structures have been found for CoSi,(111). These are the
CoSi,-C and CoSi;-S. The C structure is bulk terminated leaving a single Si layer at the
surface, whereas the S structure has two monolayers of Si on top of the last CoSi,
triple layer, see Fig.1.4.. These surface structures were first proposed by Chambers
et.al.(1986) from theoretical considerations and were experimentally observed using
low energy electron diffraction (LEED) by Hellman and Tung(1988). The existence of
two surface structures has been found to be an important driving force for the formation
of pinholes in CoSi, thin films. If a CoSi, epilayer grown at less than 500°C has a
CoSi,-S surface structure, then pinhole formation is suppressed upon annealing to
550°-650°C. However, if the surface structure is CoSi,-C, then the same anneal leads
to the formation of pinholes. It has also been shown by Tung and Batstone(1987) that
the orientation of Si which is subsequently grown on top of the CoSi, is critically

dependent upon these surface structures.

(v). Interfacial Defects.

A number of different interfacial defects have been seen in NiSi//Si and
CoSi,//Si bicrystals. Dislocations with !,<111> Burgers vectors have been observed in
the NiSi, grown on to Si(100) substrates (Cherns et.al.(1984)). These defects have
been shown to arise from differences in symmetry between the epilayer and the
substrate (Pond and Cherns (1985)). The space groups of the Si and the NiSi, are
Fd3m and Fm3m respectively. Although these two space groups are derived from the
same point group, Fd3m contains screw rotation axes and mirror glide planes.
Consequently, the Si(100) surface can contain demi-steps which in the NiSi,//Si(100)
bicrystal must be accommodated by ',<111> dislocations. Theoretically it has been
predicted by Pond and Cherns that these dislocations can only occur in {hk0)
interfacial planes. This has been shown to be consistent with the experimental

observations. They have also noted that the movement of these dislocations on planes
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Chapter 1: Background and introduction.

other than {110} requires the diffusive flux of material. In a continuous film the
1i<111> dislocations will relieve no misfit because they must form closed loops. In
750A thick NiSi,//Si(100) bicrystals the misfit is partially accommodated by an array of
1,<110> edge dislocation (e.g. Batstone et.al.(1988)). In NiSi,//Si(100) films grown
by deposition of Ni onto air exposed substrates both {100} and {111} interfacial facets
have been observed (Cherns et.al.(1984)). Dislocations with ,<111> Burgers vectors
are found at the junctions between the (100) interfacial plane and both {100} and {111)
facet planes. Kiely and Cherns(1985) found neighbouring domains had faint lines of
contrast running along different <1T0> interfacial directions and deduced that these
lines were associated with small interfacial facets. A TEM study of 60A thick
NiSi,//Si(100) bicrystals by Batstone et.al.(1988) has shown that it is energetically
unfavourable for islands nucleating at different step heights to coalesce. This results in
trenches, or so-called coreless defects, being left between regions at different interfacial
step heights.

The misfit dislocations in both type-A and type-B NiSi, and CoSi, are pure edge
with Burgers vectors !,<1T0> and !,<112> respectively (e.g. Cherns and
Kiely(1989)). The ',<1T0> crystal dislocations can occur in both type-A and type-B
interfaces, whereas the ',<112> dislocations can only occur in the type-B interface.
These arise from the breaking of translational symmetry and have to be associated with
interfacial steps. They are energetically more favourable to form than the 1,<1T0>
crystal dislocations because their Burgers vector is smaller in magnitude.

All of the CoSi, films which are grown by the deposition of Co and Si have
dislocation densities which are typically greater than 10 cm2. However, high
dislocation densities are not restricted to thick layers of CoSi,. Tung and Schrey (1988)
found 14A thick type-B CoSi,/Si(111) bicrystals with similar densities. These films
were grown at room temperature where long range diffusion is unlikely to occur. Tung
and Schrey suggested that these dislocations are not generated to relieve misfit, but are
associated with steps on the Si surface prior to deposition. They have also shown that
growth on different types of vicinal surface produce different networks of interfacial

dislocations.
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Tung(1988) studied bicrystals produced by the co-deposition of 80A of silicide
onto annealed CoSi, templates. Using weakbeam g=220 reflections the author found
line defects which looked to be associated with steps on the original Si surface. Also
observed were small isolated defects whose origins could not be explained. Using
g=111 type-B CoSi, reflections a high density of fine line defects were seen which
were still present in the epilayer upon annealing to approximately 500°C. Althou gh
resembling the '/,<111> dislocations observed in the NiSi,//Si(100) system, no simple
explanation could be found for the nature of these defects. It has been noted by the
author that a dislocation with a !/,<111> Burgers vector would delineate the boundary
between a 7- and an 8-fold interfacial structure. These defects have not yet been seen in
films grown at room temperature, or in films which have been annealed to above
600°C. Tung also studied type-B CoSi, layers grown by co-depositing Co and Si at
room temperature and then annealing to between 350°C and 600°C. It was found that in
general more dislocations were produced upon annealing, with the highest densities
found in films over 50A in thickness. Annealed films under 40A were found to have a
dislocation density similar to those in the films grown at room temperature and fine line
defects were also observed.

In a recent experimental study by Tung et.al.(1989), type-B CoSi, has been
grown at room temperature onto Si surfaces which have been treated differently prior to
deposition. With the absence of long range diffusion the positions of the line defects in
the silicide correspond to the steps on the original Si surface. Using this method it has
been possible to compare the Si surface topography after different treatments for the
removal of silicon dioxide and silicon carbide. It has also been possible to show that
high temperature MBE of Si occurs via a step flow mechanism, whereas at low
temperatures it occurs by the nucleation at the step edges and island growth on the

terraces.
(vi). Electrical properties.

The experimentally determined Schottky barrier heights (SBH’s) for NiSi,
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grown onto Si have been found to depend on the surface plane of the Si and the
orientation of the NiSi,. The NiSi,//Si(100) interface has a SBH of 0.48eV (Levi et.
al.(1987)), whereas the SBH’s of type-A and type-B NiSi,//Si(111) interfaces have
been found to be 0.65¢V and 0.79eV respectively (Tung et.al.(1984)). For mixed type-
A and type-B NiSi, films the SBH lies between these two values. Electron beam
induced current (EBIC) in the SEM has be used by Gibson et.al.(1985) to determine
the macroscopic SBH’s of a mixed type-A and type-B NiSi,//Si(111) bicrystal. The
results of this suggest that the local barrier heights are the same as those in the single
crystal samples. The dependence of the SBH upon the precise interfacial structure has
meant both theoreticians and experimentalists have extensively studied the NiSi,//Si
interface. Attempts have been made to explain the differences in type-A and type-B
NiSi, SBH’s using the forward biasing capacitance technique to measure changes in the
density of states at the interface (Ho et.al.(1986)). However, the results of this study
are in doubt after the inconsistencies were pointed out by Werner et.al.(1988). The
results of infrared absorption measurements carried out on thin films of type-A and
type-B NiSi, gave no evidence for interfacial electronic states (Flohr et.al.(1987)).
Theoretically the differences in SBH have been explained using calculations based on
the atomic structure of the interface. This subject has been reviewed in depth by
Hamann(1988). These calculations have shown reasonable agreement with the
experimentally determined values of SBH.

The mechanisms for SBH formation in the CoSi,//Si system are not as well
understood as those in the NiSi,//Si system. In a study by Rosencher et.al.(1985) the
SBH’s for fully annealed type-B CoSi,/n-typeSi(111) bicrystals containing a high
density of interfacial dislocations were found to range between 0.65e¢V and 0.70eV.
Other recent experiments using type-B CoSi,//n-typeSi(111) bicrystals with low
densities of interfacial dislocations found the SBH’s to range from 0.5eV-0.7eV (Levi
et.al.(1990)). It is unclear why the SBH should vary so much over a single wafer.
However, recent calculations by Rees and Matthai(1988) suggest that the SBH of type-
B CoSi, may depend upon the coordination of the Co atom at the interface.
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1.1.3. The Pd,Si//Si(111) system.

When Pd is deposited onto a Si(111) surface and heated to 200°C, hexagonal
Pd,Si is formed. The orientation relationship between the epilayer and the substrate is
Pd,Si(0001)//Si(111) and Pd,Si[1120]/Si[1T0]. It has been found by Pond
et.al.(1985a) and Kiely et.al.(1987) and that the Pd,Si epilayer is composed of grains
which range in size from 50nm to 100 nm. These grains are commonly misorientated
from the precise epitaxial relationship by tilts of around 5° to 10° which are principally
about the <1T0> directions in the interfacial plane. It has been shown by Kiely et.al.
that these tilt misorientations arise from the difference in misfit between the epilayer and
the substrate perpendicular to the interfacial plane and they are geometrically equivalent
to disclinations. When the misorientation is small, the strain in the epilayer can be
relieved by an array of dislocations which have 1,<112>Si Burgers vectors. These
dislocations arise from the breaking of translational symmetry upon the creation of the
bicrystal and are similar to the dislocation arrays in type-B NiSi, and CoSi,. It has been
proposed by Cherns and Smith (1981) that these dislocations may play a role in
advancing the interface into the Si during growth. For these dislocations to move in the
interfacial plane there must be a diffusive flux of Si from the associated step edges. Itis
possible that this Si is used in the solid state reaction which transforms Pd to Pd,Si. In
Situ heating experiments have been attempted, but the complexity of the Pd,Si//Si(111)

system has meant that this mechanism of growth has not been observed.

1.1.4. Discussion and conclusions of the literature review.

From the literature review it is clear that certain areas of metal silicide//silicon
research are not fully understood. Published results on the solid state phase
transformations in the Ni//Si(111) and the Co//Si(111) systems have suggested that the
precursor silicide phases are involved in the growth of type-A and type-B di-silicide.
From the in situ Ni//Si(111) annealing experiments of Gibson et.al.( 1987) the evidence

for this is strong. Darkfield microscopy techniques were used to correlate regions of
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