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PART A - RESEARCH RESULTS

A.1
Scientific Highlights

ATOMCAD network has given the opportunity to participant organizations to carry out a number of research topics leading to important scientific results. The major points are listed below.

A.1 - 1) High –k oxides

High –k oxides are going to replace, in the near future, the oxide gates in electronic devices. They allow higher thicknesses, thus limiting the tunnel current and the power dissipation. Providing CAD tools for the design of their deposition process is of prime importance for the electronic industry.

Collaboration between NMRC and LAAS has allowed the ab initio investigation of alternative high –k gate oxides (HfO2, ZrO2 and Al2O3) deposition. The first and second half cycle reactions, including various stages of hydrolysis have been studied. The results show that Al2O3 deposition is thermodynamically more stable than HfO2 and ZrO2 which show identical behaviour. This is due to the reversibility of the reactions. Stability can only be achieved by long purges. Similar results have been observed for the hydrolysis stage. While HfO2 and ZrO2 hydrolysis seems very difficult and probably would need several phases and a thorough water vapour purge, Al2O3 hydrolysis seems more efficient. The calculations suggest that the deposition should be far from complete, at least for the first layers. These results are expected to give insight to the industrial technology processes to be developed.


A second point of the NMRC – LAAS collaboration concerns the Kinetic Monte Carlo investigation of the thin film deposition of the above materials. A software package based on the temporal dynamics of atomistic events has been developed and is in course of validation on the basis of experimental results obtained from industrial partners. Energy parameters obtained from ab initio calculations have been directly used in this package. Calculations have allowed reproducing the deposition of the first layers of oxide. Low coverage rates, in quantitative agreement with experimental data, have been observed. These results show the convergence and the complementarities of ab initio calculations, Kinetic Monte Carlo models and experimental observations. A particular objective is to reproduce defect creation in the films as a function of experimental conditions. Special attention has been paid to the transition from the molecular covalent structure, observed at the beginning of the process, to the solid ionic structure, which corresponds to the actual oxide material.


Both approaches have been proposed to the partners of “HIKE” European project whose objective is to provide CAD tools for the deposition of high –k oxides.

A.1 - 2) Silicon Carbide and related compounds

SiC devices are called to play the fundamental role for use in harsh environments. This field has been investigated through a close collaboration between CNM and CUT.

For comparison purposes, the question of SiC oxidation has been investigated using different codes. The incorporation of one and two oxygen atoms has been investigated and the most probable structures and related energies have been determined. The problem of hydrogen induced metallization of surfaces has also been studied within this collaboration. Experimental Infra Red spectroscopy data of Y. Chabal, from Bell Labs USA, have been used for validation of theoretical results.

The Ion implantation of dopants and their further diffusion has also been investigated. The possibility of clustering of dopants has been studied and the sites where clusters can be found are determined. The cases of Si and C vacancies and interstitials in SiC have been studied. The interstitial positions investigated include:


- The hexagonal configuration,


- The tetragonal configuration with Si or C as first neighbours,


- The dumbbell configuration in Si or C sites.


The physical characteristics of interest have been the features of the diffusion of the above simple defects in SiC, but also the mechanisms of formation of extended defects via their interaction and as a result of their diffusion.


Concerning the possibility of clustering of dopants, the case of N2 and P2 have been investigated using the SIESTA package. It is shown that N2 clusters can be found:

· in substitutional C and Si neighbouring sites,

· in substitutional C and interstitial sites,

· in dumbbell site around a C site.

This last situation is the most stable one and gives rise to a deep level inside the gap.


In the case of P2 clusters, it is shown that the cluster in a substitutional C and Si neighbouring sites is the most stable. But the doping level still remains a shallow level, as in the case of single atom dopant.


On the other hand, CNM has made a technological effort to promote SiC devices. This concerns the annealing kinetics in n-type implanted 4H-SiC materials. A part of this work is made in Clean Room where is located the furnace of fast thermal annealing and another part concerning the characterization are made with different equipments of micro-Raman spectroscopy and infrared reflectivity.


This technological effort has been accompanied by a simulation and design study. This work is structured into 3 tasks running in parallel:

1- Ion implantation simulation, 

2- Test structure design,

3- Finite element simulation of test devices and comparison to electrical characterization.

The final output is to experimentally get accurate SiC parameters for devices simulations.

Results are promising on both theoretical and experimental grounds.


A.1 - 3) Silicon Gate Oxides

This oxide constitutes the base material for the operation of electronic devices, but no atomic scale tool is yet available for their proper design, at least for films with nm thicknesses. This is due to the complexity of the microscopic mechanisms involved in the process.

The scientific contribution has been in relation with three models in order to perform a multi-scale simulation of the oxidation process.


1 - ab initio investigation of the reaction mechanisms at the origin of the oxidation process, based on Density Functional Theory (DFT) using plane wave expansion and atomic pseudopotentials. 


A large variety of situations have been tested at this level:


- Atomic and molecular oxygen,


- Perfect and hydrogenated surfaces,


- Presence of defects and impurities on the surface,


- Oxygen on the surface or in bulk,


- Oxygen molecule dissociation before incorporation into the bulk silicon,


- Oxygen migration paths and activation energies from a back bond position to a dimer position.

The Bond Constraint Method developed at LAAS has been used for this study. The presence of physisorbed states, quite far from the surface, has been observed. These states monitor the sticking coefficient of the oxygen molecules. Calculations have been performed on the recent Teraflop computing facilities at CEA. The case of two oxygen molecules on the surface is also investigated. Rresults agree well with experimental data obtained using Infra Red spectroscopy. Dimer to dimer and back bond to back bond migrations via a strand position are in progress.

2 - Based on the above mechanisms, a Monte Carlo package (OXCAD) has been developed between LAAS, CEA and SP. OXCAD keeps track of the evolution large systems, in the range of 100x100 atoms substrates over 10 layers of grown oxide, during several seconds of experiment duration. Furthermore, the simulations are performed under real experimental conditions (temperature, pressure ...).


The OXCAD package has been validated using:


- XPS (X ray Photoelectron Spectroscopy) data,


- SREM (Scanning Reflection Electron Microscopy) data,


- And, mainly, IR (Infra Red) Spectroscopy data obtained at Bell Labs on the early stages of silicon oxidation.


This latter validation has been performed in the frame of collaboration with Bell Labs, with an exchange of post doc. The validation has reproduced accurately the experimental data related to the wet oxidation of silicon. IR spectroscopy data on the first stages of dry oxidation are not yet available because of the difficulties in the interpretation of spectra. But the perfect agreement between the simulation results and experimental data has encouraged acceleration of experimental investigation on dry oxidation.

3 - The software package TRAPPOX has been developed at CEA to simulate the electrical behaviour of electronic devices under charge injection by irradiation. Macroscopic considerations based on the densities of various defects present in the oxide layer and their capture cross section is used in the model to calculate the leakage current and the effect of charged defects on the switching properties of MOS transistors. The objective has been to improve the technology processes towards the radiation hardening of the devices.


Obviously, like any other package based on a macroscopic model, the software needs phenomenological parameters : natures, densities, charge states, spatial distributions and electron capture cross sections of various defects created in the oxide layer during the oxidation process or as a result of subsequent irradiation.


This field of investigation is particularly adapted to the use of multi-scale modelling since the macroscopic and Monte Carlo simulations need phenomenological parameters which can be provided by experimental observations or by the use of more sophisticated models.


Finally, the effect of radiation on the oxide has been investigated by ab initio methods. The following cases of neutral and charged defects:

· Silicon and oxygen vacancies,

· Silicon and oxygen interstitials,

in amorphous silica have been examined. Formation energies and the geometric and electronic structures of defects have been calculated. The amorphization of silica has been obtained using classical Molecular Dynamics, followed by several quenching sequences. The sample contains 108 atoms and shows densities comparable to the experimental values. A statistical approach is then implemented by removing successively different oxygen atoms at different sites to create oxygen vacancies in different configurations. The charged states are shown to lead to puckered structures. When neutralising the defects, they will go back to the dimer position which is then the stable structure. The formation energies are found to be 6eV for neutral and negatively charged vacancies, and 10eV for positively charged vacancies.


A.1 - 4) Metallic Oxides

The oxidation of a variety of metals and/or the properties of metal oxides has been investigated by ab initio methods at CUT. This section concerns results on metallic oxides other than high –k materials (HfO2, ZrO2; Al2O3) described in section (A.1 – 1). The following cases have been examined:

1) Zinc oxide: calculating and predicting the elastic and general material properties of the metastable rock salt phase of ZnO, thermodynamic phase stability, mechanical properties (Young Modulus and Poisson ratio anisotropy), and phonon spectra. This work is motivated by the difficult p-doping of the regular ZnO phase and by the recent experimental progress in stabilizing finite-size rock salt ZnO
2) Mg oxidation using Monte Carlo simulated annealing: an interaction potential grid is determined from ab initio calculations,

3) Fe (100) and Fe (110) oxidation: adsorption energies of 6eV have been found for oxygen atoms, the work function change and the charge transfer are shown to be very small,

4) Mechanical properties of Al2O3, a material to be used in cutting tools such as TiN/Al2O3/TiC/WC,

5) Effect of lateral atomic interactions in NO oxidation on Pt (111) surfaces. This allows the determination of oxidation efficiency as a function of surface coverage,

6) Adsorbate dynamics on noble metal surfaces, focusing on Cu (111): the placement of an adsorbate or a defect on the surface implies a singular screening response that provides an indirect long-ranged mutual defect interaction. In a joint theoretical and experimental work, the local adsorption dynamics on Cu (111) has also been investigated and tested for both site preferences as well as thermally assisted tunnelling in the adsorbate dynamics. On the experimental side atomic manipulation was used to create an adsorbate line that serves to calibrate distances and hence establish the exact next-nearest neighbour environment of the preferred low-temperature adsorption sites. We furthermore investigated the dimer dynamics and checked both the diffusion observed for monomers and dimers against the results of large-scale first-principle DFT calculations. Finally, combining both experimental observations and new results from theory, we documented that tunnelling of the Cu-addimer provides the dominant site-diffusion mechanism at low temperatures.


A.1 - 5) Biological and carbon based materials

The development of this topic during the recent years has resulted in a significant effort of the ATOMCAD network in this direction. Four major fields have been investigated: grafting molecules on surfaces, biological molecules interaction, weak long range order interactions and carbon based materials, involving LAAS, NMRC and CUT.


Grafting of long organic chains on SiO2 surfaces has been investigated at LAAS. Single molecules are bonded parallel to the surface with a binding energy of 0.4-0.5 eV. Two organic molecules are shown to dimerize with an energy of ~ 0.3 eV. The dimer molecule is bonded perpendicular to the surface. These ab initio investigations are going to be completed by a Kinetic Monte Carlo software package to be used in Bio-chips and Lab on Chip design. Comparing the two cases of Trihydrosilane and Trichlorosilane, it is observed that trichlorosilane is more stable than trihydrosilane. But large charge transfer is observed in the case of trihydrosilane. It is also shown that regular functionalised layers can only be obtained if self assembling occurs in the solution, prior to the deposition of the molecule on the surface.


Concerning interaction between biological molecules, LAAS has developed a unified model which allows reaching the two opposite geometric and energetic conceptual models, by a continuous variation of the parameters of the new model. This model has been applied to macromolecule interactions. It has been shown that changing continuously the model parameters leads to a continuous change of the topological environment in the configuration space. This, in turn, modifies the widths and heights of the reaction paths and, finally, the accessibility in the docking process. This work has led to a new approach for the docking of biological molecules, based on a combination of energetic and geometric models, such as those used in Robotics.

CUT has managed to turn the significant formal work in the functional development into explicit ab initio calculations and predictions for soft and sparse matter. Modified DFT has been successfully applied to significantly broader classes of materials: planar structures (graphite, MoS2), parallel polymers and finite molecules. For this purpose, new corrections to non local correlations, through susceptibility calculations have been included in the model.

The above two topics are expected to led to a collaboration between LAAS and CUT, to introduce Van der Waals interactions between biological macromolecules. Van der Waals interactions and hydrogen bonds are known to be the most important terms in biochemical reactions. This collaboration would constitute one of the major positive points after the end of the ATOMCAD network.

Transport properties in fullerenes and linker molecules between two gold contacts have been investigated at NMRC. The question of charge transfer between the C60 cage and an eventual central atom, and the induced contraction and curvature of the molecules are at the heart of the study. In this respect, the interaction of phosphorus on graphitic surfaces has been investigated using the Configuration Interaction model. The results have been extended to the case of Carbon clusters and to the C60 cage. It is shown that the group V atoms do not bind inside C60 because of the repulsive nature of the interaction. They rather bind outside the cage. On the other hand, calculations on the interaction of P atom on Carbon clusters show the bending of planar clusters after interaction. The absence of interaction inside the C60 cage has therefore attributed to the wrong curvature of this molecule. The interaction outside the cage is then due to change in the curvature direction.


The electrical behaviour of the contact between C60 molecules and gold surfaces, as a function of surface coverage, has also been investigated. It has been observed that the I-V curve is symmetric for sub-monolayer coverage, while it becomes asymmetric beyond.

A.1 - 6) other important issues
a) Growth of Thin Films


This section concerns the results on the growth of metals and semiconductors, but not the deposition of high –k materials (HfO2, ZrO2; Al2O3) described in section (A.1 – 1).


Simulation of the heteroepitaxial growth of mismatched semiconductors at LAAS has allowed establishing a new model for the formation of misfit dislocations, and determining their preferential location to be near surface steps. Similarly, islands are shown to form preferentially close to kinks and steps on the substrate.


The investigation of atomic inter-diffusion between deposited layer and the substrate has shown that the formation of defects near the interface, during heteroepitaxial growth, may reduce the inter-diffusion rate, by partially relaxing the strain.


The Kinetic Monte Carlo simulation of the growth of Al/Al(111) at CUT has shed light on the shape of islands formed at the early stages of the deposition.

b) 1D cluster systems


CUT has investigated the properties of 1D electron systems on surfaces. This general topic has been applied to several practical cases:

· Hydrogen atoms on Si rich SiC surfaces,

· Copper wires on Cu(111) surfaces,

· Al2O3/TiC used in cutting tools.

The insulator/metallic behaviour of these systems has been of particular interest. For example, a metallic behaviour has been shown in the case of hydrogen on Si rich SiC surfaces, against chemical arguments. In fact, hydrogen adsorption leads to a change of band bending and a modification of the band gap. At the same time, the dangling bonds on the SiC surface disappear. The main conclusion is that the role of hydrogen is more complex than just passivating the Si rich SiC surfaces.

c) Defects in semiconductors

At NMRC, DFT in a cluster model has been used to calculate the electronic states and the photoexcited dissociation of dopants in GaAs and in C60 clusters. The model has been successfully applied to the following dopants cases:


- C-H in As site of GaAs,


- Si-H in Ga site of GaAs,


- N and P in C60 clusters.


An alternative model based on ab initio treatment of periodic structures has been applied to the cases of C, C-H, C2 and C2H in As site of GaAs.

d) Phonon generation at THz frequencies
In a pair of separate investigations, CUT has theoretically explored possibilities for both a controlled non-equilibrium generation of THz phonons for materials probing, and for a finite-temperature detection of resonant-transport effects in the thermal current in semiconductor nanostructures. Both investigations yield explicit predictions that can be tested.  The investigations are linked because the suggested realization of a frequency-selective THz phonon source could provide means for observation of actual phonon double-barrier resonant tunneling that is also predicted in the semiconductor-barrier study.

A.1 - 7) Cooperative platform

The set up of the cooperative platform has allowed the tele-working between ATOMCAD partners on remote software packages and multiple-access to different remote sites. This platform has constituted a major advancement on the technological ground.

A.2
Joint Publications and Patents

As a result of previous collaborations, the four following joint papers have been submitted for publication. The first publication is on gate oxide simulations (SiO2 and high –k) between LAAS, NMRC and CEA. The second paper concerns the work on SiC material between CNM and CUT. The last two publications are related to the work on silicon oxidation between CEA and LAAS.

1 - A. ESTEVE, M. DJAFARI ROUHANI, J. GREER, S. ELLIOTT, P. PAILLET, 
J.L. LERAY

Atomic Scale Modelling of Nanotechnologies : Thin Film Gate Oxide Simulation, 

European Community/National Science Foundation Workshop on “NanoTechnology Tools and Instrumentation for Research and Manufacturing”, 12 - 14 June 2002, Grenoble

2 - R. Rurali, E. Wachowicz, E. Hernández, P. Ordejón, P. Godignon, 
J. Rebollo, P. Hyldgaard

First-principles adsorption of O at SiC surface

Material Science Forum 457 (2003) 1293

3 - A. ESTEVE, N. RICHARD, A. ALI MESSAOUD, M. DJAFARI ROUHANI
Multi-Scale Investigation of Molecular Oxygen Decomposition and Incorporation into Si(100)-(2x1) Surfaces

Symp. KK, Atomic Scale Materials Design – Modeling and Simulation, 

MRS, 1 – 5 Dec. 2003, Boston

4 - E. WACHOWICZ, R. RURALI, P. ORDEJON, P. HYLDGAARD,

First stages of oxidation of the Si-rich 3C-SIC(001) surface,

E-MRS meeting, 24 – 28 May 2004, Strasbourg,

Computational Materials Science, accepted.

5 - A. ESTEVE, N. RICHARD, A. ALI MESSAOUD, M. DJAFARI ROUHANI
Density functional theory study of surface oxidation in Si (100) 2x1,

Symp. H, Atomic Scale Materials Design : Modelling and Characterization, E-MRS meeting, 24 – 28 May 2004, Strasbourg

Computational Materials Science, accepted.


The remaining publications are reported in Annex I.

PART B - COMPARISON WITH THE JOINT PROGRAMME OF WORK
B.1
Research Achievements


The research work has led to new scientific results in various fields, even beyond those proposed in the Annex I of the contract, but also to collaboration between partners, through conventional means and the cooperative platform. The scientific results were described in Part A. In the following, we will compare them with the initial Joint Programme of Work.

B.1 - 1) Research Objectives
In the original proposal, the four following points were suggested to prepare the transition from micro to nanotechnologies:

1) to collect the tools and methods already available,

2) to organize these tools in the scope of hierarchical models,

3) to implement the outcome into the conventional tools used in the semiconductor industry, by creating a common platform accessible via internet,

4) to organize a training program, for engineers in the electronic industry and young graduate students, on the new concepts, models and tools.

The first two points have been completed within the first year of the network. Point (3) started late because of the recruitment difficulty by SP. But the set up of the cooperative platform is now completed by SP, in collaboration with academic partners. A set of software packages are available on it. Its implementation details are reported in section (B.1 - 3), Task 2 – Software Interface Development.


Concerning the point (4), four international events have already been organized by ATOMCAD network; one more has been prepared, but is only scheduled in the next months. Further, ATOMCAD members have participated to the organization of four more events. On the other hand, ATOMCAD Young Researchers have participated to 40 international conferences. All details are reported in section B2.


The scientific activity has been detailed in Part A. All the topics suggested in the original proposal have been tackled. Moreover, an important effort has been devoted to the modelling of biological systems that have become a major topic during the last years. In the following, we will try to establish the links with the original proposal:


- Thin Film Silicon and Metal Oxidation, via silicon oxidation, SiC oxidation, high – k oxide deposition and Metal oxides properties (ZnO, MgO, Fe oxidation, NO/metal interaction),


- Diffusion (conventional and enhanced diffusion) with the participation and formation of complexes, in particular after ion implantation, via the SiC device process and inter-diffusion between substrate and layer during heteroepitaxial growth,


- Semiconductor and Metallic Thin Film Growth (homo and hetero epitaxial), via heteroepitaxial growth of mismatched semiconductors and homoepitaxial growth of Aluminium,


- Electrical and Mechanical properties of Interfaces, via the SiC device electrical characteristics, the investigation of the excited states of molecules and the study of 1D systems such as Al2O3 in TiN/Al2O3/TiC/WC structure used as cutting tool.


- Thermo-Mechanical behaviour of devices, via SiC device design and phonon generation at THz frequencies.


Further, new topics: Van der Waals interaction in soft materials, surface functionalization via organic molecule grafting and interactions in biological systems, have been initiated and are expected to lead to collaboration between ATOMCAD partners after the end of the network.

B.1 - 2) Research Method

The network methodological approach is based on four initiatives:

1) The collection of already available laboratory tools and methods,

2) The organization of selected methods and tools in the scope of hierarchical models and multi-scale simulations,

3) The implementation of the selected softwares within existing conventional TCAD tools,

4) The training programme consisting of :
· Assembling high level scientists, in order to exchange complementary views,

· Creating a network of specialists, at the same level as in the US, to initiate a fruitful discussion,

· Training engineers to become familiar with the new tools,

· Preparing university lecturers to introduce new concepts and tools within the traditional courses.
The above initial method has been used with successful results. ATOMCAD partners intend to continue collaboration with the same method and to submit a new proposal along these lines.

B.1 - 3) Breakdown of tasks
The work plan has been organized around four vertical Tasks and four horizontal Actions summarized in the following.

· The first task (T1) is the Software Development,

· The second task (T2) is the Software Interfaces Development,
· The third task (T3) is the Internal Dissemination and Multimedia Support,
· The fourth task (T4) is the Usability Demonstration,
· The first action (A1) is the Models and Tools Inventory,
· The second action (A2) is the Training Programme,
· The third action (A3) concerns the External Dissemination of Tools,
· The fourth action (A4) is the Progress Survey.
Table 1 shows the teams involved in different Tasks and Actions

	Participants
	T1
	T2
	T3
	T4
	A1
	A2
	A3
	A4

	LAAS
	X
	
	X
	X
	
	X
	
	X

	NMRC
	X
	
	X
	X
	X
	X
	
	X

	CNM
	X
	
	X
	X
	
	X
	
	X

	SP
	
	X
	X
	X
	
	X
	X
	X

	CUT
	X
	
	X
	X
	
	X
	
	X

	CEA
	X
	
	X
	X
	
	X
	
	X


Table 1 - Teams involved in different Tasks and Actions

The progress of Tasks and Actions can be summarized as below. The overall conclusion is that their state agrees well with the Annex I of the initial contract.

T1 - Software Development


ATOMCAD partners have been actively involved on software development and exploitation. A total of ten software packages have been concerned. More details are given in Annex II.

T2 - Software Interface Development


The main purpose has been to set up a cooperative platform as an interface between the software packages, developed within ATOMCAD or coming from outside, and the end users. The objective is to share atomic scale software between ATOMCAD partners and give access to external users.

The platform set up by Daniel HILL is presently operational. The work has resulted in a working prototype based on a Graphical User Interface (GUI) package connected to each of the available remote software (MOXCAD, OXCAD, SIESTA, DACAPO, SPARCC and VIBRATOM) through an interpreter package. Both these and all other packages; one each for the program loader, translation, communications, and one for each supported remote software are written in Java.

The Packages make evolutions to the software easier/safer as each component has a specific location. The application is as modular as possible to allow ease of adding new supported software to the platform and so a plug in system has been developed. Currently the application includes help links for each supported software, the uploading of one input file and return of one output file and the parsing of input files, a text file editor for input data, the ability to submit/return more than one data file and the incorporation of the remaining partner's software are amongst the functionalities of the platform. The architecture of the platform has been designed after a thorough review of similar attempts: Phantoms, Isight, Phoenix Integration, Campos. The architecture includes an engine core, a translation layer and a networking file transfer.

Our future goal, beyond ATOMCAD, is to create a multiple user access and to provide user support.

T3 - Internal Dissemination and Multimedia Support


A web site, an e-mail address and a newsgroup have been created. Details are reported in section B.2 – 2.

T4 - Usability Demonstration


ATOMCAD partners proposed, at the start of the Network, to produce few examples of software packages which could be used in relation with industrial needs. Two such examples have been tackled:

1) The growth of high –k dielectric films within the HIKE European project with Infineon and Motorola as industrial partners,

2) The growth of ultra thin silicon dioxide as gate dielectric, in relation with LETI technological programmes

Presently, A Kinetic Monte Carlo software package for the deposition of high –k materials, developed at LAAS, is almost complete. The computer codes are already available. They have to be validated in collaboration with NMRC, using ab initio codes, and industrial partners, providing experimental data.


OXCAD software package has also been proposed for use as CAD tool for the silicon oxidation.

A1 - Models and Tools Inventory


This action has been completed during the first year of the contract. A separate report has already been submitted. This report is reproduced in Annex III.

A2 - Training Programme


This action includes conference and workshop organization, university lectures and courses, and Young Researchers trainings. Details of this action are reported in sections 

B.2 – 4, B.2 – 5 and B.3

A3 - External Dissemination of Tools


This action includes the creation of a web site, the affiliation to international networks and the relation with industrial partners. The first two points are detailed in section B.2 – 2 and the last point in section B4 and Task T4, Usability Demonstration, above.

A4 - Progress Survey


The progress survey has been achieved through regular internal meeting and via the progress reports. Nine internal ATOMCAD meetings have been organized during the contract. Details are reported in section B.2 – 4.

B.1 - 4) Schedule and Milestones

The initial schedule has suffered from some delay, due to the difficulty in recruiting Young Researchers at the start of the network. However, due to the extension of the contract, all Tasks and Actions in the original contract have been completed within the period.

B.1 - 5) Research effort of the participants

All partners have participated to the research effort which concerns the development and use of softwares, and the achievement of the Joint Networking and Training Programme. This has resulted in:
1) The organisation of exchange between the participants to raise their ability to treat complex problems, and to provide data to be injected in conventional tools in place of adjustable parameters, through common research work (see section A),

2) The organisation of the concerted linking of the packages of the new generation of TCAD tools, already developed by the participants, to the existing conventional tools, through industrial connections (see section B4),

3) The set up of a network of advanced competences to offer expertise to industrial partners who lack time to perform the job, through the Training of Young Researchers and the organisation scientific meetings (see sections B2 and B3),

4) The creation of a common platform devoted to cooperative work and using multimedia facilities. This platform has constituted one Task of the network and has been one of its major achievements. It has been described in section B.1 – 3, Task 2).

B.2
Overall Organisation and Management
B.2 - 1) Organisation, coordination and management of the network

The management is performed via the Executive Committee, composed of scientists in charge of the network from each participant. Regular meetings have allowed the executive committee to:

· Examine and approve the progress reports,

· Supervise the progress of the network,

· Point out the deficiencies and bottlenecks in achieving the tasks,

· Propose the means to overcome these difficulties.


The communication between network members has been performed via regular meetings and permanent communication through e-discussions. 
B.2 - 2) Communication Strategy

A Multimedia strategy has been used to establish communication, internal and external dissemination of the results, tools and information.


A website located at LAAS has been especially dedicated to the ATOMCAD network www.laas.fr/ATOMCAD. The basic information concerning the network: meetings, reports, news, events, vacancies... are reproduced on this web page. An e-mail address atomcad@laas.fr has also been created at LAAS. All ATOMCAD partners can use this address to exchange messages and information with other partners. 


An ATOMCAD Newsgroup has been created by Daniel HILL to act as a discussion forum between partners. The site allows individual and collective exchange of information between members. The most important events of the network can also be found on the site. The Newsgroup is a part of Yahoo newsgroups at the address: 

http://groups.yahoo.com/group/atomcad
The intranet web pages are obviously accessible to external users. The cooperative platform which was the main objective of Task 2 of the joint programme (see section B.1 – 3) will also be available for external use once the merchanding conditions are clarified between partners.


On the other hand, ATOMCAD is now on the international ASDN (Atomic Scale Design Network) and on the MOLECULAR-DYNAMICS-NEWS lists. This allows ATOMCAD partners to receive and exchange information with the international community.


An important effort has been devoted to extend our relations with industrial partners, namely Motorola, Infineon and LETI, to promote the use of atomistic codes, developed within ATOMCAD or from outside, in industrial applications. Details are given in section T4-Usability Demonstration, above.

B.2 - 3) Dissemination of the network achievements

In addition to industrial relations, the ATOMCAD participants have contributed to the dissemination of the results among the scientific community. The dissemination has been performed via articles in regular journals (see Annex I), organization of conferences and summer schools (see section B.2 – 4 below) and participation to international conferences. The participation of ATOMCAD Young Researchers (40 in total) and Senior Researchers (31 in total) are respectively listed in Tables 2 and 3.

	YR Name
	Inst.
	Conference Title
	Place
	Date

	Andreas Larsson
	NMRC
	CHIPPS 2000
	Berlin
	Oct. 2000

	Andreas Larsson
	NMRC
	Irish Atomistic Simulation Meeting
	Belfast
	Dec. 2000

	Andreas Larsson
	NMRC
	Irish Atomistic Simulation Meeting
	Belfast
	Dec. 2001

	Riccardo Rurali
	CNM
	NATO Summer school “Computational Materials”
	Lucca, Italy
	Sept. 2001

	Riccardo Rurali
	CNM
	SIESTA meeting
	Madrid
	Sept. 2001

	Riccardo Rurali
	CNM
	ISCRM 2001
	Tsukuba, Japan
	Oct. 2001

	Servane Blanqué
	CNM
	Journées Raman
	Montpellier
	Dec. 2001

	Riccardo Rurali
	CNM
	Total Energy Methods in Computational Condensed Matter
	Tenerife
	Jan. 2002

	Andreas Larsson
	NMRC
	E-MRS meeting
	Strasbourg
	June 2002

	Riccardo Rurali
	CNM
	E-MRS meeting
	Strasbourg
	June 2002

	Leonard Jeloaica
	LAAS
	E-MRS meeting
	Strasbourg
	June 2002

	Riccardo Rurali
	CNM
	E-MRS meeting
	Strasbourg
	June 2002

	Leonard Jeloaica
	LAAS
	IV symp. SiO2 and Advanced Dielectrics
	Trento
	Sept. 2002

	Andreas Larsson
	NMRC
	Irish Atomistic Simulation Meeting
	Dublin
	Dec. 2002

	Leonard Jeloaica
	LAAS
	GDR Nanoelctronique
	Grenoble
	Jan. 2003

	Andreas Larsson
	NMRC
	American Chemical Society Meeting
	New Orleans
	Mar. 2003

	Daniel Hill
	SP
	Conferencia de Dispositivos Electrónicos
	Calella
	Mar. 2003

	Leonard Jeloaica
	LAAS
	Gaussian workshop
	Paris
	Apr. 2003

	Ahmed Dkhissi
	LAAS
	Gaussian workshop
	Paris
	Apr. 2003

	Andreas Larsson
	NMRC
	PSSIT 2003
	Toulouse
	Apr. 2003

	Elwira Wachowicz
	CUT
	PSSIT 2003
	Toulouse
	Apr. 2003

	Eleni Ziambaras
	CUT
	PSSIT 2003
	Toulouse
	Apr. 2003

	Leonard Jeloaica
	LAAS
	PSSIT 2003
	Toulouse
	Apr. 2003

	Ahmed Dkhissi
	LAAS
	PSSIT 2003
	Toulouse
	Apr. 2003

	Daniel Hill
	SP
	PSSIT 2003
	Toulouse
	Apr. 2003

	Daniel Hill
	SP
	Microscopy of Semiconductor Materials
	Cambridge
	May 2003

	Leonard Jeloaica
	LAAS
	Journees Simulation Numeriques
	Paris
	May 2003

	Ahmed Dkhissi
	LAAS
	Journees Simulation Numeriques
	Paris
	May 2003

	Daniel Hill
	SP
	Micro-technologies for the new Millenium
	Canaries
	May 2003

	Leonard Jeloaica
	LAAS
	E-MRS meeting
	Strasbourg
	June 2003

	Elwira Wachowicz
	CUT
	E-MRS meeting
	Strasbourg
	June 2003

	Riccardo Rurali
	CNM
	E-MRS fall meeting
	Warsaw
	Sep. 2003

	Ahmed Dkhissi
	LAAS
	29ème congrès des chimistes théoriciens d’expression latine
	Marrakech, Marocco
	Sep. 2003

	Servane Blanque
	CNM
	Silicon Carbide and related Materials
	Lyon
	Nov. 2003

	Riccardo Rurali
	CNM
	Silicon Carbide and related Materials
	Lyon
	Nov. 2003

	Leonard Jeloaica
	LAAS
	E-MRS meeting
	Strasbourg
	June 2004

	Ahmed Dkhissi
	LAAS
	E-MRS meeting
	Strasbourg
	June 2004

	Elwira Wachowicz
	CUT
	E-MRS meeting
	Strasbourg
	June 2004

	Jesper Kleis
	CUT
	E-MRS meeting
	Strasbourg
	June 2004

	Servane Blanqué
	CNM
	Exmatec 2004
	Montpellier
	June 2004


Table 2 – Young Researchers participation to Conferences

	YR Name
	Inst.
	Conference Title
	Place
	Date

	M. Djafari Rouhani
	LAAS
	3rd Symp. SiO2 and Advanced Dielectrics
	Aix-Marseille
	June 2000

	Alain Estève
	LAAS
	Conf. Phys. Chem. of surfaces (Invited)
	Orlando, USA
	Jan. 2001

	M. Djafari Rouhani
	LAAS
	E-MRS meeting
	Strasbourg
	June 2001

	Alain Estève
	LAAS
	E-MRS meeting
	Strasbourg
	June 2001

	M. Djafari Rouhani
	LAAS
	French Phys. Soc. Meeting
	Strasbourg
	July 2001

	Alain Estève
	LAAS
	French Phys. Soc. Meeting
	Strasbourg
	July 2001

	M. Djafari Rouhani
	LAAS
	4th Int. Workshop on Novel Index Surfaces
	Aspet, France
	Sept. 2001

	Alain Estève
	LAAS
	4th Int. Workshop on Novel Index Surfaces
	Aspet, France
	Sept. 2001

	M. Djafari Rouhani
	LAAS
	Journées Surfaces Interfaces
	Toulouse
	Jan. 2002

	Alain Estève
	LAAS
	Journées Surfaces Interfaces
	Toulouse
	Jan. 2002

	M. Djafari Rouhani
	LAAS
	Invited Seminar at Singapore Univ.
	Singapore
	Mar. 2002

	M. Djafari Rouhani
	LAAS
	EC Workshop Micro-Nano-OptoElectronics
	Brussels
	June 2002

	Alain Estève
	LAAS
	EC Workshop Micro-Nano-OptoElectronics
	Brussels
	June 2002

	M. Djafari Rouhani
	LAAS
	EC/NSF workshop on Nanotechnology
	Grenoble
	June 2002

	Alain Estève
	LAAS
	EC/NSF workshop on Nanotechnology
	Grenoble
	June 2002

	M. Djafari Rouhani
	LAAS
	E-MRS meeting
	Strasbourg
	June 2002

	Alain Estève
	LAAS
	E-MRS meeting
	Strasbourg
	June 2002

	Jim Greer
	NMRC
	E-MRS meeting
	Strasbourg
	June 2002

	M. Djafari Rouhani
	LAAS
	Workshop: Molecular Simulation of CVD
	Orléans
	July 2002

	Alain Estève
	LAAS
	Molecular Simulation of CVD (Invited)
	Orléans
	July 2002

	M. Djafari Rouhani
	LAAS
	E-MRS meeting
	Strasbourg
	June 2003

	Alain Estève
	LAAS
	E-MRS meeting
	Strasbourg
	June 2003

	Alain Estève
	LAAS
	MRS Fall meeting
	Boston
	Dec. 2003

	Nicolas Richard
	CEA
	MRS Fall meeting
	Boston
	Dec. 2003

	M. Djafari Rouhani
	LAAS
	E-MRS meeting
	Strasbourg
	June 2004

	Alain Estève
	LAAS
	E-MRS meeting
	Strasbourg
	June 2004

	Nicolas Richard
	CEA
	E-MRS meeting
	Strasbourg
	June 2004

	Per Hyldgaard
	CUT
	E-MRS meeting
	Strasbourg
	June 2004

	Elsebeth Schroder
	CUT
	E-MRS meeting
	Strasbourg
	June 2004

	Alain Estève
	LAAS
	Int. Conf. Comput. Experim. Eng. (invited)
	Madera, Portugal
	July 2004

	Elsebeth Schroder
	CUT
	ECOSS (invited talk on MgO and vdW)
	Venice
	June 2004


Table 3 – Senior Researchers participation to Conferences

B.2 - 4) Organisation of Meetings and Conferences

The dissemination has also been performed via organization of five international conferences and summer schools by ATOMCAD network, the participation of ATOMCAD members to the organization of three such events and the set up of university courses and lectures.

Conference and Summer School organization

1) Symposium A of the E-MRS meeting “Atomic Scale Materials Design”, June 18– 21, 2002 in Strasbourg,

2) The Physics Spring School In Toulouse “PSSIT2003”: “Modelling and Simulation in Micro and Nanotechnologies and Materials Engineering” was organized in Toulouse, 7 to 11 April 2003,

3) Symposium H of the E-MRS meeting “Atomic Scale Materials Design: Modelling and Characterization”, May 24 – 28, 2004 in Strasbourg,

4) The “Midsummer Workshop on Density Functional Progress”, June 23, 2004 in Goteborg and Midsummer school on ab-initio phonon/superconductivity calculations, June 24, 2004
5) The second Physics Spring School In Toulouse “PSSIT2004”: “Spectroscopy Simulation and Biological applications” will be organized in Toulouse in the next months.

Further, ATOMCAD partners have participated to the organization of several international conferences:

1) CEA in the organization of the “3rd Symposium on SiO2 and advanced dielectrics”, June 19-21, 2000 , Aix-Marseille, France,

2) CEA in the organization of the “IV symposium on SiO2 and Advanced Dielectrics”, Sept. 16-18, 2002, Trento, Italy,

3) NMRC in the organization of “Symposium and Summer School on Nano and Giga Challenges in Microelectronics Research and Opportunities in Russia”, Sept.10-13, 2002, Moscow, Russia.

Organization of university lectures and courses

1) A short lecture course on Atomic Scale Modelling and Simulation of Materials is presently given at the University of Toulouse. These lectures are addressed to PhD students and senior researchers, but they do not lead to a university degree.

2) The University of Toulouse is also in the process of starting a master degree, entitled “Modelling for Materials Engineering”. The various lecture courses and their contents have been discussed within the university and with industrial partners and presented to the university administration. This course is to be integrated within the new European Master degree. ATOMCAD partners in Toulouse have been at the origin of this initiative.

3) Series of lectures on SiC properties in the frame of the Graduate School in Materials Science given at the Chalmers University of Technology.


Finally, the nine following ATOMCAD meeting have been organised for internal discussions between network members and management purposes:

· Feb. 17th and 18th 2000, at LAAS, Toulouse,

· March 1st and 2nd 2001, at CNM, Barcelona,

· Feb. 21st and 22nd, 2002, at NMRC, Cork,

· Nov. 13th and 14th, 2002, at LAAS, Toulouse,

· 13 Dec. 2002, Review Meeting, Paris,

· 6 – 8 Feb. 2003, at CUT, Goteborg

· 25 – 26 Sept. 2003, at LAAS, Toulouse, France

· 1 – 2 April, 2004, at LAAS, Toulouse

· 28 – 30 June, 2004, Saint Bertrand de Comminges, France

B.2 - 5) Networking activities

The Networking activities concerned short visits of senior scientists between member organizations at the beginning of the network to set up collaborations, joint research activities reported in Part A and secondments of Young Researchers (27 in total). Moreover, Young Researchers have also visited institutions outside ATOMCAD network (5 in total). The secondments are summarized in Table 4 and the visits in Table 5.

	YR name
	To LAAS
	To NMRC
	To CNM
	To SP
	To CUT
	To CEA

	Andreas Larsson
	Mar.2000, Nov. 2002
	
	Mar. 2001, May 2003
	
	Feb. 2003
	

	Daniel Hill
	Mar. 2003, Sep.2003, Apr. 2004, June 2004
	Apr. 2003
	Feb. 2003
	
	Feb. 2003
	

	Leonard Jeloaica
	
	
	
	
	Feb. 2003
	

	Riccardo Rurali
	Nov. 2002, Sep. 2003, Apr. 2004, June 2004
	Feb. 2002
	
	
	Feb. 2003, Mar. 2003, Aug. 2003, May 2004
	

	Elwira Wachowicz
	Sep. 2003, June 2004
	
	
	
	
	

	Servane Blanque
	June 2004
	
	
	
	
	

	Dominique Tournier
	June 2004
	
	
	
	
	

	Piotr Blonski
	June 2004
	
	
	
	
	


Table 4 – Secondment of Young Researchers

	YR Name
	Place and date of visit

	Leonard Jeloaica
	Materials and devices for Microelectronics (MDM) lab. 

in Milano, 7-9 March, 2003

	Ahmed Dkhissi
	Univ. of Leuven, Belgium, 20 – 24 April 2003

	Leonard Jeloaica
	Univ. of Bucarest, Aug. 2003

	Ahmed Dkhissi
	Univ. of Mons, Belgium, Dec. 2003

	Leonard Jeloaica
	Univ. of Bucarest, Dec. 2003


Table 5 – Young Researchers visits to outside institutions

The networking activity has first allowed ATOMCAD participants to have a better knowledge of each other activities, setting up collaborations and joint scientific research. A second benefit is the training of Young Researchers, establishing contacts with several research labs, with different research objectives and strategies, but also industrial partners, useful for their future career.

To conclude, ATOMCAD Network has been the opportunity for the participants to strengthen and extend their individual activities and competences. Several concrete results can be enumerated:

· Proposal of European projects: HIKE accepted in FP5, NANOTOOL submitted to FP6 but not accepted, new proposal on the future developments of the collaborative work, to be submitted to FP6,

· Connection to industrial companies, at European or national level, benefiting from the European recognition of the network,

· Creation of a collaborative platform where available software packages and related skills can be shared between participants, but also with outside institutions,

· Set up of university trainings, with European or national label, benefiting from the European recognition of the participants (see section B.2 – 4).

B.3
Training Overview

In the ATOMCAD network, two main processes were used for the recruitment of Young Researchers:

- Publicity of vacant positions on individual partner websites, European Cordis website and international networks,

- Directly, through individual relations between senior scientists working in the same field in different European countries.


Even though some of the ATOMCAD participants had difficulties in recruiting Young Researchers at the beginning of the contract, the situation has been improved by an efficient exploitation of the publicity in the international websites. Table 6 shows the short CVs of Young Researchers recruited in the network.

	Name
	Natio-nality
	Age at App.
	Start of App.
	End of App.
	Cate-gory
	Speci-ality
	Place of Work
	Country of Work
	Previous Exp. in Network

	L. Jeloaica
	Romania
	28
	Nov. 01
	Nov. 04
	Pre-doc
	Theor.Phys.
	LAAS
	France
	No

	A. Larsson
	Sweden
	30
	Apr. 00
	July 03
	Post-doc
	Theor. Chem.
	NMRC
	Ireland
	No

	R. Rurali
	Italy
	29
	Sept 00
	Dec03
	Pre-doc
	Sol. State. Phys.
	CNM
	Spain
	No

	O. Biserica
	Romania
	26
	Aug. 00
	Mar.02
	Pre-doc
	Elec; Eng.
	CNM
	Spain
	No

	S. Blanque
	France
	26
	May 02
	July 04
	Pre-doc
	Cond. Mat. Phys.
	CNM
	Spain
	No

	D. Hill
	UK
	31
	Dec. 03
	July 04
	Post-doc
	Chemistry
	SP
	France
	No

	A. Dkhissi
	Belgium
	33
	Jan. 03
	Sept 04
	Post-doc
	Material Sc.
	LAAS
	France
	No

	E. Wackowicz
	Poland
	34
	Apr. 02
	Jan. 04
	Post-doc
	Exp. Phys.
	CUT
	Sweden
	No

	D. Tournier
	France
	27
	July 03
	Dec. 03
	Post Doc
	Electronic Eng.
	CNM
	Spain
	No

	J. Kleis
	Danemark
	29
	Jan. 03
	Sep. 03
	Pre-Doc
	Phys-Chem
	CUT
	Sweden
	No

	J. Kleis
	Danemark
	29
	Jan. 04
	July. 04
	Pre-Doc
	Phys-Chem
	CUT
	Sweden
	No

	P. Blonski
	Poland
	
	June 04
	July 04
	Pre Doc
	Physics
	CUT
	Sweden
	

	G. Fagas
	Greek
	30
	Feb. 04
	Jul. 04
	Post Doc
	Material sci.
	NMRC
	Ireland
	Yes


Table 6 - Summary of the Young Researchers CV

Table 7 shows the number of Young Researchers (in person-months) whose employment has been financed by the contract, compared with those in the initial contract. The comparison shows that the total figure is largely over that in the initial contract. However, it can be observed that the balance between pre-doc and post-doc has not been totally respected. The pre-doc person-months have almost doubled, while the post-doc person-months have slightly decreased. This change in the balance has resulted from the real needs of the participants to have longer training periods spent on the same research subject. This change of the balance has therefore been beneficial to the ATOMCAD network.

	Participant
	Contract deliverable of Young  Researchers to be financed by the contract (person- months)
	Young Researchers financed by the contract so far (person-months)

	
	Pre-doc (a)
	Post-doc (b)
	Total (a+b)
	Pre-doc  (c)
	Post-doc (d)
	Total (c+d)

	1-LAAS
	40
	12
	52
	33
	19
	52

	2-NMRC
	0
	45
	45
	6
	40
	46

	3-CNM
	44
	6
	50
	85
	6
	91

	4SP
	0
	14
	14
	0
	20
	20

	5-CUT
	0
	33
	33
	18
	22
	40

	6CEA
	0
	14
	14
	0
	0
	0

	TOTAL
	84
	124
	208
	142
	107
	249


Table 7 - Number of Young Researchers (in person-months)
whose employment has been financed by the contract.


After recruitment, Young Researchers have been directly integrated into existing research groups within each institution, where they have performed their training according to a predefined programme. They have all participated to national and international meetings and conferences, in order to meet specialists in their respective fields of research, but also to present their own work. Further, ATOMCAD network has organised two conferences and two summer schools to enhance this training. All these events, visits and secondments are in complete agreement with the initial proposed programme. They are described in section B2.


Complementary skills have been provided to the Young Researchers who have expressed their interest. This has been particularly the case for Daniel Hill at SP and Elwira Wackowicz at CUT. 

As can be seen in Table 6, a large number of Young Women have been recruited in the ATOMCAD network, witnessing of the concern of the senior scientists in charge to promote equal opportunity.


The multidisciplinarity in the training programme has been achieved through the visits of the Young Researchers to other partner institutions. Also, the involvements of ATOMCAD participants in projects where industrial partners are present have allowed Young Researchers to be familiarised with industrial environment (see section B4).


On of the concerns of the ATOMCAD network has been to ensure the promotion of Young Researchers at the end of their appointment in the network. This has been the case for all Young Researchers except one. Table 8 summarizes the Young Researchers situation at the end of their appointment in ATOMCAD.
	Name
	End of App.
	Present situation

	L. Jeloaica
	Nov. 04
	Continues his PhD work at LAAS

	A. Larsson
	July 03
	Position at Goteborg Univ.

	R. Rurali
	Dec03
	Post Doc in Toulouse Univ.

	O. Biserica
	Mar.02
	unknown

	S. Blanque
	May 05
	Finishing her PhD at CNM and Montpellier

	D. Hill
	July 04
	Application at Univ. of Valencia

	A. Dkhissi
	Sept 04
	Continues his research work at LAAS

	E. Wackowicz
	Jan. 04
	Position at Wraclaw Univ.

	D. Tournier
	July 04
	Continues his research work at CNM

	J. Kleis
	Sep. 03
	Continues his PhD work at CUT

	J. Kleis
	July. 04
	Continues his PhD work at CUT

	P. Blonski
	July 04
	Return to his position at Wraclaw Univ.

	G. Fagas
	Jul. 04
	Continues his PhD work at NMRC


Table 8 – Situation of ATOMCAD Young Researchers at the end of their appointment

B.4
Industry Connections

ATOMCAD partners have several connections with the industrial world, through common projects at the National or European level.
The industrial connections of ATOMCAD can be summarized as:

· Infineon and Motorola, through HIKE European project. This concerns the modelling of the growth of high –k dielectric films, as an alternative oxide for the new generation of gate oxides. A multi-scale simulation including ab initio quantum models, the Kinetic Monte Carlo techniques and reactor scale models have been developed and proposed to the HIKE partners.

· Volvo, through contacts with CUT on mechanical properties of materials,

· LETI, through LAAS collaborations on development of models and simulations for the future technology processes, particularly growth of ultra thin silicon dioxide as gate dielectric and deposition of semiconductor layers or nanocrystals, used in the design and fabrication of electronic devices,

· SIGMAPLUS, an SME involved in software development, who is also a partner of ATOMCAD network and who is in charge of the dissemination of the cooperative platform.

The software packages developed by ATOMCAD partners and their competence to exploit existing models and tools are already in use in the industrial world via common projects and collaborative programmes. The recent set up of the collaborative platform by SP (see sections A1 and B.1-3) has opened the opportunity of tele-working. This opportunity is going to be opened very soon to outside users, especially industrial companies.

B.5
Recommendations

The European Commission has made an important effort to promote the set up of Research Training Networks during the last two framework programmes. As far as ATOMCAD network is concerned, we think that the opportunity to participate to this programme has been beneficial for all participants. During this period, difficulties have certainly been experienced. But in my personal opinion, these have mostly been due to the internal structures of different partner institutions and to the general international trends. As the coordinator of this network, I do not see how the European Commission could have solved these problems by taking special measures. On the contrary, I have felt that the Commission help has always been useful and constructive for the progress of the network towards its initial goals.
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