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INTRODUCTION 
 

The aim of the PhD thesis titled “Structure Formation in 

Multiphase Thin Films” is to contribute to the understanding of 

structure formation and phase separation processes as well as to the 

revealing of relation between structure and physical properties 

through many-sided investigation of copper-silver, aluminium-tin, 

copper-carbon and aluminium carbon model thin film systems. 

Recently the application and research of two component films and 

nanocomposites has undergone enormous development. The list of 

applications is very long. Examples are the hard coatings, integrated 

circuit contacts and interconnects, magnetic recording media, 

coatings of packaging materials and so on. These altogether make up 

the most effective industrial areas in the world. In these coating 

material systems (especially in the nanosystems like MEMS and IC 

technologies) it is becoming a priority issue that one technological 

step utilized more than one process of the structure formation leading 

to selforganized formation of corresponding structures and properties 

(e.g. a diffusion barrier and contact layer in the IC or memory 

structures). From scientific point of view the interest is directed to 

questions like mixing and phase separation, formation of metastable 

phases, their stability and transformation into stable structures, solid 

phase reactions. The processes taking place during growth can be 

influenced or directed by appropriate selection of growth parameters. 

However, the present knowledge on the relation between processes 

and parameters for multicomponent and multiphase thin film systems 

is far from complete. 

In my thesis I investigate the basic growth processes from the 

point of view of the production of reproducible structural and 

physical properties in thin films characteristic for the two component 

systems and accessible to the present investigative techniques. The 

structural information goes down to the nm scale structural details. 

The selection of the model systems was made having in mind that 

they were related or rather close to an application. Consequently, our 

choice went to the Cu based systems, and Ag and C was selected as 

second component. Additional investigations have been carried out 

on the Al-Sn and Al-C systems.  

The investigated material systems are examples of the non-mixing 

at equilibrium conditions components forming no chemical 

compound with each other. In these systems the formation of 

metastable phases and morphologies as well as the phase separation 

phenomena could also be studied.  

 

SUMMARY OF THE RESULTS 

 

For the phase separation there are two known models in 

multiphase thin film systems formed by simultaneous condensation 

of their components non-mixing at equilibrium conditions: the 

kinetic segregation process and spinodal decomposition. For the Cu-

Ag, Cu-C, Al-C és Al-Sn thin films I have shown that kinetic 

segregation processes may lead to basically different and unexpected 

morphologies. The processes taking place on the growth surface of 

the majority phase can lead to the accumulation (segregation) of the 



minority component and consequently to the nucleation of a second 

phase. In this way in the Al-Sn system contaminated by oxygen 

lamellar growth of the Al crystallites occurs. In the Al-C and Cu-C 

systems the covalent amorphous or nanocrystalline phases (a-C, 

Al4C3) growing in 2D mode lead to the segregation of the metallic 

component resulting in selforganized formation of layered structures. 

At the same time in the Cu-Ag system at ~5-20 at% Ag or Cu 

concentration a bimodal grain size nanocomposite forms.  

In the Cu-Ag system besides of the kinetic segregation process I 

could first identify another phase separation process. This process 

takes place in the bulk of the film and was identified as spinodal 

decomposition. 

I was likely to show first the simultaneous existence of different 

phase separation mechanisms - alone or in common action depending 

on the film composition - in the same system, namely in the co-

deposited Cu-Ag thin films. I have shown that these phase separation 

processes can lead to quite different structure and consequently 

different properties (e.g. nanohardness) in films grown at the same 

temperature but different composition. On the basis of the results I 

have constructed a complex structural model for the Cu-Ag 

composite films which can contribute to the revelation of similar 

knowledge in other systems as well. 

The investigations performed in this thesis can be promising for 

selected applications besides of the achieved scientific contribution. 

The results obtained on the Cu-Ag system appear to be of interest for 

development engineers of INTEL, because the structure formation 

and phase separation processes can be useful in the development of 

30 nm technologies of the contact or interconnect metallization. The 

investigations carried out as a basic research approach can be useful 

for industrial R&D activity as well.  

 

APPLIED TECHNIQUES  

 

In my thesis, the films were grown by PVD or CVD techniques. The 

Cu-Ag films were prepared by thermal evaporation at MFA by 

myself, the Al-C layers were grown by the co-operation of D. Bíró 

also at MFA by DC magnetron sputtering while the Cu-C layers were 

made by plasma enhanced CVD in a bilateral French-Hungarian co-

operation by the French partner. The Al-Sn films were prepared at 

the Vienna University also in the frames of a bilateral co-operation. 

Characterisation of the films was made mainly by transmission 

electron microscopy and the related electron beam analytical 

techniques (EDS and EELS) at MFA using two microscopes: Philips 

CM20 and JEOL 3010. Scanning electron microscopy was performed 

on a LEO 1540 FEG mashine. Additional measurements were X-ray 

diffractometry at MFA and nanoindentation at the Institute of 

Environment and Materials Chemistry at the Chemical Research 

Centre of the Hungarian Academy of Sciences. 

 

 



 NEW SCIENTIFIC RESULTS 
 
In my thesis I investigated such thin film systems in which the 

process of kinetic segregation taking place in the adsorbed layer and 

the spinodal decomposition or nucleation process taking place in the 

bulk of the film could be fairly well separated. 

 

1. In the Cu-Ag two component polycrystalline thin films system I 

developed a micro-combinatorial method for investigation of the 

relation between structure, composition and nanohardness [1]. 

 

1.1. I revealed the structure and morphology of the Cu-Ag 

films in the whole composition range. I determined that the 

films are built from two, well separated morphological 

elements. One of these elements has a few 10 nm size and is 

composed of non-equilibrium solid solution crystals of Cu in 

Ag or Ag in Cu. The other morphological element is of two 

phase nanosize grains and its composition and structure 

corresponds to the eutectic and displays strong <111> texture. 

The volume fraction of the two morphological elements and 

the strength of the texture in the film varies with the overall 

film composition [T1, T7, T10].  

 

1.2. I have shown that the nanohardness of the Cu-Ag 

nanocomposite films shows a maximum at around 10 at% Ag 

content. At smaller Ag contents the growth of the 

nanohardness is due to the Hall-Petch effect. Above 10 at% 

Ag content I explained the decrease of nanohardness with the 

increase of the volume fraction of the eutectic nanograin 

morphology, the transfer of the deformation into this area and 

with the change of the deformation mechanism to grain 

boundary sliding [T1]. 

 

2. Using high resolution electron microscopy I determined the 

nanostructure of the films of eutectic composition (60 at% Ag, 

40 at% Cu) and on this basis I suggested a model for the 

mechanism of formation of this structure [10]. 

 

 2.1. I have shown that the films of eutectic composition (60 

at% Ag) consist of columnar grains of 10-30 nm in diameter 

possessing strong <111> texture. The individual columns are 

composed of epitaxially related silver and copper rich zones 

(~90 at%) of a few nm size [T9]. This structure can be 

described as a three dimensional nanocomposite. 

 

 2.2. I revealed, that in the Cu-Ag system an Ag3Cu ordered 

solid solution can form. The ordered solid solution regions are 

the result of the phase separation process [T8].  

  

 2.3. I was first to suggest a growth mechanism model, based 

on the structural results, for the formation of the eutectic 

nanocomposite structure. According to the model, the film 

nucleates and grows at the present non-equilibrium growth 



conditions in the form of a homogeneous solid solution. The 

early growth stages are governed by the process of liquid like 

coalescence and following phase separation from liquid phase. 

During further growth reordering processes take place in the 

film, concentration fluctuations occur and grow: spinodal 

decomposition takes place in the whole volume of the film. 

The <111> texture is the result of the competing crystal 

growth taking place following the cease of liquid like 

coalescence process.  

 

3.  As a synthesis of the results, obtained for the Cu-Ag system, I 

constructed a general model for the formation of the complex 

structures occurring in this system. I have shown that the forming 

structure is the result of the competition of the two phase 

separation mechanisms depending on film composition: the 

kinetic segregation and the spinodal decomposition [T10]. 

 

4. I have shown that the behaviour of the Cu-O system considering 

the growth mechanisms and forming morphologies is analogous to 

the well described Al-O system in the literature [T2, T6].  

 

5. I concluded from the results of investigation of the Al-C two 

component system that co-sputtering of Al and C at room 

temperature results in a two phase film composed of Al 

crystallites and Al4C3 nanosgrains. In thicker films the two phases 

build sublayers by self organization. The formation of subsequent 

sublayers is attributed to the periodic inset of liquid like 

coalescence governed by the Al grain size [T4]. 

 

6. I examined the morphology of the Cu-C films grown by plasma 

enhanced CVD of Ar-CH4, or Ar- C2H2  gas mixtures and 

simultaneous sputtering of Cu. The observed morphology depends 

on the composition of the gas mixtures [T5, T11]. 

 

6.1. In the case of Ar-C2H2 gas mixture the Cu-C films have 

composite structure of amorphous C matrix and Cu grains. 

The size of embedded Cu grains is 7-15 nm, their size 

decreasing with increasing C content in the film (increasing 

acetylene content in the sputtering gas). For the growth 

mechanism I suggested kinetic segregation of carbon on 

copper and repeated nucleation of the Cu component. 

 

6.2. In the case of Ar-CH4 gas mixture the Cu-C films possess 

a layered structure: large grain Cu layers alternate with Cu-C 

composite layers by selforganization. For the formation 

mechanism I suggested the same model as in the case of the 

Al-C system. 

 

7. I have shown that precondition of the lamellar growth of Al in the 

oxygen doped Al-Sn system is the periodic phase formation 

between the segregated Sn and adsorbed oxygen species on the 

film surface. The thickness of the lamellae is determined by the 



formation time of the monolayer quantity of Sn-O and the 

thickness of the Al layer forming during this period [T3]. 
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