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PART A - RESEARCH RESULTS

A.1
Scientific Highlights

A list of major points investigated in the ATOMCAD Network are reported in this section. More details on the results are given in Annex devoted to individual Young Researchers activities.


A.1 - 1) Silicon Gate Oxides

LAAS/LPS, CEA and SP have contributed to this activity which is related to the size reduction trend in microelectronic technology. The recent results concern :

· 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.


Dimer to dimer and back bond to back bond migrations via a strand position are in progress.


A 5 Teraflop computer with 2560 processors has also been used to investigate the electronic properties of neutral and charged defects in amorphous SiO2 : Si and O vacancies and interstitials


A.1 - 2) Ion Implantation Defects Behaviour

NMRC and CNM have contributed to this activity which is related to the formation of shallow junctions in new devices. To complete the previous results on cluster calculations, 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. A supercell containing 64 atoms with periodic boundary conditions has been used in the calculations.


Again, to complete the investigation, a Molecular Dynamics software package based on classical potentials has been developed at CNM. This packages makes use of more recent Tersoff potentials to describe atomic interactions. It has also been used to investigate the enhanced diffusion of defects and impurities after ion implantation. The case of diffusion of boron enhanced by excess silicon interstitials has been of particular interest. Simulations are performed with up to 200,000 atoms. It is shown that the hexagonal configuration is the most stable one, followed by the dumbbell and the trigonal configurations. It is also shown that Si diffuses via direct jumps while boron makes the jump in two steps by going through an intermediate interstitial position.


Very recently, the possibility of clustering of dopants has been initiated. 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 dumble 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.


A.1 - 3) Alternative materials

NMRC and LAAS/LPS have contributed to the modelling of the deposition high – k material which concerns the thin gate oxide films in MOS devices. The materials of interest are ZrO2, HfO2 and Al2O3. The first half cycle reactions, i.e. precursor molecules with the surface, has been completed. The energies corresponding to different stable states and to the saddle points between these states have been determined. In particular, it is shown that some of the reactions, with ZrCl4 and HfCl4 precursor molecules on oxidized silicon surface, are reversible. This means that the bonding of the molecule can only be stabilized if the end products, HCl molecule, is efficiently evacuated. On the other hand, the Al precursor is shown to irreversibly bind to the surface. Other types of substrates, bare Si surface and high –k oxide surface, have also been investigated. The second half cycle of the reaction, with water molecule, is under investigation. The Kinetic Monte Carlo approach is going to be implemented.

CUT has also been extensively involved with different types of alternative materials. The overall activity can be summarized as:

· Transport properties along the SiC-metal sandwiches, such as SiC-Ni and SiC-Al,

· Mechanisms of graphite precipitation in SiC,

· Shape of the islands during Kinetic Monte Carlo deposition of Al/Al(111),

· 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,

· Investigation of ZnO :
Thermodynamic phase stability, mechanical properties (Young Modulus and Poisson ratio anisotropy), phonon spectra,

· Mg oxidation using Monte Carlo simulated annealing. An interaction potential grid is determined from ab initio calculations.


A.1 - 4) Biological and Biochemical Applications

Participants to ATOMCAD network have clearly stated their interest to study the field of molecule-surface interactions in the near future. NMRC has started investigations on transport properties in fullerenes and linker molecules between two gold contacts. 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 have 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 coverages, while it becomes asymmetric at coverages over one layer.


A new activity undertaken at NMRC concerns the electronic structure of the excited states of molecules using Monte Carlo Configuration Interaction method and the COLUMBUS software package as the interface

A.2
Joint Publications and Patents

There has only been one joint publication because of the difficulties in recruiting young researchers and because the results of exchanges are just emerging.

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 juin 2002, Grenoble

PART B - COMPARISON WITH THE JOINT PROGRAMME OF WORK


A Mid Term Review Report has been recently (Dec. 2002) submitted to the European Commission. In the following, we will summarize the points already reported, but we will emphasize the new tends.

B.1
Research Objectives

In the Mid Term Review Report, it was mentioned that the four following points were proposed to prepare the transition from micro to nano technologies :

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.

As described in the Mid Term Review Report, the first two points are already completed. Point (3) has started by SP since the recruitment of a Young researcher, Daniel HILL as a post doc, in Dec. 2002. The set up of the platform will be performed by SP, in collaboration with academic partners. Its implementation details are reported in section B3, Task 2 – Software Interface Development.

Concerning point (4), a real progress has been made since an international conference has been organized by ATOMCAD Network in June 2002, and a Spring School is about to held (7 - 11 April 2003). Details are reported in section B4.

The purpose of the common work has been described in five items :

1) To organize the 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,

2) To organize the concerted linking of the packages of the new generation of TCAD tools, already developed by the participants, to the existing conventional tools,

3) To organize a network of advanced competences to offer expertise to industrial partners who lack time to perform the job,

4) To develop a nucleus for a Monitoring Module to be implemented later in the conventional tools,

5) To create a common platform devoted to cooperative work and using multimedia facilities.

As described in the Mid Term Review Report, points (1) and (3) have been successfully achieved in the sense that exchange of information and computing techniques between partners is now well established. Exchanges have allowed us to provide new data, in all the disciplines under investigation. This trend will continue through the whole project. The offer of expertise to industrial partners have been achieved through the European project “High –k Dielectric Film Growth (HIKE)” with the objective of modelling the deposition of alternative gate oxide materials for MOS Transistors.

Point (2) has already started through three actions :

· The oxide gate formation where a continuum model software, based on the Monte Carlo results, has been developed between LAAS and CEA,

· The above software, treating the structural aspects of oxide films, will be linked to the TRAPPOX package already developed at CEA and dealing with the electrical properties of oxide films,

· Within the HIKE European project, the link between different levels of software is presently worked out.

This point will continue through the whole project.

Point (5) concerns the set up of the collaborative platform which ha started since the recruitment of Daniel HILL. By SP. Details are reported in section B3, Task 2 – Software Interface Development.


Point (4) is a continuation of point (5) in the sense that the common collaborative platform will form the basis for the Monitoring Module. Its implementation will be considered once the point (5) is operational.

The progress within various fields of investigation has been summarized in Part A and their respective relation with individual Young Researchers of the ATOMCAD Network are reported in the annex.

B.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 method has been used during this first stage with successful results. ATOMCAD partners intend to continue with the same method during the second stage of the contract.

B.3
Work Plan
The work plan has been organized around four vertical Tasks and four horizontal Actions represented in Figure 1 and 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 progress is in agreement with the proposed workplan (see Fig. 1). The observed delays are reported within each task or action.

T1 - Software Development

ATOMCAD partners have been actively continuing their programs on software development and exploitation. This concerns a total of eight software packages described in the Mid Term Review report. No new package has been started, but they all have been improved during the last period.

T2 - Software Interface Development

A delay was observed in the start of this task due to difficulties in recruiting Young researchers. This difficulty is now overcome since Daniel HILL has been engaged by SP in Dec. 2002. During the last ATOMCAD meeting in Goteborg, 6 – 8 Feb. 2003, the partners have extensively discussed the set up of the common collaborative platform to share software tools between partners and with external users.

The general architecture of the platform could be made of a Graphical User Interface (GUI) which would be connected to each of the available software ^packages through an interpreter. Several GUI and common protocols have already been investigated and compared to each other by Daniel Hill. It seems that JAVA language is best suited for both GUI and interpreter applications.


To start with the programme, a limited set of software packages have been chosen. The choice has been made on the basis that all partners be represented. The chosen packages are :

· MCCI developed at NMRC

· OXCAD developed at CEA and LAAS

· DACAPO presently used at Chalmers Univ.

· SIESTA presently used at CNM

· TROCADERO presently used at CNM

· VIBRATOM developed at LPS

· SPARCC developed at LAA/LPS


The four top packages will constitute the first set. If, for some proprietary reasons, the package is not available for common use, we can go down the above list.


On the other hand, Daniel Hill is going to develop the necessary cooperative and security protocols to ensure proper operation of the platform. Once the feasibility of cooperative work through the platform is demonstrated, we will extend the platform to other available software packages. At the same time, we will have to set up rules for the use of packages by internal ATOMCAD partners and by external users.

T3 - Internal Dissemination and Multimedia Support


A web site entitled "www.laas.fr/ATOMCAD" has been set up at LAAS. 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. 


On the other hand, SP has started to set up a protocol for the internal dissemination and the multimedia support of softwares. This will be done through a web page devoted to each available package. SP is in charge of elaborating an intranet system including these web pages.


Finally, in order to promote tightening the links between ATOMCAD partners, it has been suggested during the last ATOMCAD meeting in Goteborg, 6 – 8 Feb. 2003, to set up a newsgroup acting as a discussion forum. Daniel Hill, from SP, has been put in charge of setting up this newsgroup.

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. Presently, two such examples are in course of elaboration.

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

The work on these two examples will continue through the whole ATOMCAD period, and probably later as part of individual partners project. Other examples have to be developed.

A1 - Models and Tools Inventory

This action has been completed before the present reporting period.

A2 - Training Programme

This action includes conference and workshop organization, university lectures and courses and Young Researchers trainings.


The following events have been organized by ATOMCAD Network during the reporting period :

1) The symposium A of the E-MRS meeting “Atomic Scale Materials Design”, 18 – 21 June 2002 in Strasbourg can be considered as the specific ATOMCAD international conference since it was organized by ATOMCAD members and was devoted to the main research field of ATOMCAD. Network partners were massively present : 13 participants. During this four day meeting, a total of 110 papers from all over the world were presented either orally or in the poster form. The proceedings of the symposium will be published in a textbook and in the Journal of Computational Materials Science.

2) The “Physics Spring School in Toulouse : Modelling and simulation in Micro and Nano Technologies and Materials Engineering”, 7 – 11 April 2003, Toulouse. The school is open to Young Researchers from ATOMCAD and to external PhD students or junior researchers. The objective is to provide the basic ideas behind the atomic scale modelling and to show their application in different fields.

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

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

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

Concerning university lectures and courses, four points have to be mentioned.

1) A short lecture course on Atomic Scale Modelling and Simulation of Materials has been given at the university of Toulouse during Feb. 2002. These lectures are addressed to PhD students and senior researchers, but they do not lead to a university degree.

2) A Master diploma entitled “Modelling for Materials and Physical Processes Engineering” is under preparation at the Univ. of Toulouse. We intend to give a European label to this Master degree. The courses should normally start on Sept. 2004. The students will be recruited among those having already performed the first year of a physics or Chemistry Master. The duration of the course is one complete year including a four to six months period in industrial environment. The students will end up with a Master degree. ATOMCAD partners in Toulouse have been at the origin of this initiative.

3) A Master on Materials already exists at the Chalmers Univ. of Technology. 16 students are regularly registered at this Master which is open to European students through Erasmus programme. A ”Materials Theory” course, equivalent of five cursus points, is already taught within this Master.

4) Similar lecture courses are given at the university of Cork, with the participation of ATOMCAD partners.

Young Researchers trainings are described in detail in section B5.

A3 - External Dissemination of Tools


The external dissemination has started at the same time as internal dissemination (T3). The intranet web pages concerning the internal dissemination will be easily turned up to an extranet system once the merchanding conditions are completed.


On the other hand, ATOMCAD is now on the international ASDN (Atomic Scale Design Network) list. This allows ATOMCAD partners to receive and exchange information with the international community.
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B.4
Network Organization and Management


The management is performed via the Executive Committee, composed of scientists in charge of the network from each participants.


The communication between network members is performed via regular meetings and permanent communication through e-discussions. A website is specially dedicated to the ATOMCAD network www.laas.fr/ATOMCAD. Here, the major events, meetings and reports concerning the ATOMCAD Network are reproduced. Almost all participants have their own home pages within their respective institutions. We are not reproducing them because of the space limitations. An e-mail address atomcad@laas.fr allows exchange of information between ATOMCAD partners. Finally, a newsgroup as a discussion forum is in construction.


Organization of international conferences and workshops by ATOMCAD partners have been detailed in section B3, Action 2 – Training Programme. Besides international events, four internal meetings have been organized during the reporting period :

· 21 – 22 Feb. 2002, at NMRC, Cork,

· 13 – 14 Nov. 2002, at LAAS, Toulouse,

· 13 Dec. 2002, Review Meeting, Paris,

· 6 – 8 Feb. 2003, at CUT, Goteborg.

Finally, the Young Researchers within ATOMCAD Network have participated to a number of international and national conferences. These and other networking activities concerning Young Researchers are reported in section B5.

B.5
Training

The recruitment of Young Researchers within ATOMCAD Network has been very successful during the reporting period, while not totally satisfactory during the previous period. In fact, the five following Young researchers have been recruited during, or immediately before this period.

1) Leonard JELOAICA, recruited as PhD at LAAS in Nov. 2001, is involved in the investigations on high –k materials deposition using ab initio models and Kinetic Monte Carlo methods,

2) Elwira WACHOWICZ, recruited as post doc at CUT in April 2002, is involved with metal – semiconductor interfaces and metal oxidation,

3) Servane BLANQUE, recruited as PhD at CNM in may 2002, is involved in SiC technologies, including material processing and device fabrication and modelling,

4) Daniel HILL, recruited as post doc at SP in Dec. 2002, is involved in networking activities, especially the set up of the common collaborative platform and the newsgroup,

5) Ahmed DKHISSI, recruited as post doc at LAAS in Jan. 2003, is involved with molecule – surface interactions using ab initio models, with particular applications in biochip fabrication and operation.


Vacant positions have been publicized through internet sites : Cordis.lu, ccl, nmrc. But a large number of applications received did not satisfy the eligibility conditions : citizenship, age limit.


The Young Researchers so far recruited have been directly inserted into the current research programmes of ATOMCAD partner labs. This has ensured them to benefit from the past experience and expertise available within the host institutions. In cases where the individual research programme of the Young Researcher had made enough progress, visits to other partner labs have been organized in order to ensure multidisciplinarity of the training. In the same cases, participation of Young Researchers to conferences have allowed them to take contact with internationally recognized senior researchers and, at the same time, to present their own results to the scientific community.


The opportunity to set up ATOMCAD network has given the possibility to participating labs to apply for larger projects with National or European support. The HIKE “High –k Dielectric Film Growth” European project dealing with the modelling and simulation of high – k materials, as an alternative to silicon oxide gates in MOS Transistors, is one such example. Young researchers already recruited, or being recruited in the future, will have the opportunity to work in these projects in close contact with industrial partners.

Table 2 represents the number of young researchers (in person-months) whose employment has so far been financed by the contract.
	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
	16
	2
	18

	2-NMRC
	0
	45
	45
	0
	35
	35

	3-CNM
	44
	6
	50
	47
	0
	47

	4SP
	0
	14
	14
	0
	3
	3

	5-CUT
	0
	33
	33
	0
	11
	11

	6CEA
	0
	14
	14
	0
	0
	0

	TOTAL
	84
	124
	208
	63
	51
	114


Table 2 - Number of young researchers 

whose employment has so far been financed by the contract

Young Researchers recruited within ATOMCAD have been allowed to participate to a large number of international and national conferences and . These networking activities are summarized in the following :

Participation of Young Researchers to conferences
(during the reporting period and near future provision)

· Andreas Larsson from NMRC to the E-MRS annual meeting in Strasbourg, June 18th – 21st, 2002,

· Riccardo Rurali from CNM to the E-MRS annual meeting in Strasbourg, June 18th – 21st, 2002,

· Leonard Jeloaica from LAAS to the E-MRS annual meeting in Strasbourg, June 18th – 21st, 2002,

· Leonard Jeloaica from LAAS to the IV symposium on SiO2 and Advanced Dielectrics, Sept. 16-18, 2002, Trento, Italy

· Andreas Larsson to Irish Atomistic Simulations, Dec. 16th – 17th  2002, Dublin

· Andreas Larsson to American Chemical Society Meeting, March 23rd – 27th 2003, New Orleans, USA

· Andreas Larsson to Physics Spring School in Toulouse, Apr. 7th – 11th 2003, Toulouse

· Leonard Jeloaica to GDR Nanoelctronique, Jan. 29th – 31st 2003, Grenoble

· Leonard Jeloaica to Journees Simulation Numeriques, May 2003, Paris

· Leonard Jeloaica to E-MRS spring meeting, June 10th – 13th 2003, Strasbourg

· Ahmed Dkhissi to Journees Simulation Numeriques, May 2003, Paris

· Elwira Wachowicz to E-MRS spring meeting, June 10th – 13th 2003, Strasbourg

· Elwira Wachowicz Physics Spring School in Toulouse, Apr. 7th – 11th 2003, Toulouse

· Daniel Hill to Microscopy of Semiconductor Materials, May 2003, Cambridge

· Daniel Hill to Micro-technologies for the new Millenium 2003 : Nanotechnologies, May 19th – 21st 2003, Canaries

· Daniel Hill for a training on software platforms (to be defined)

Provision for secondment of Young Researchers
· Andreas Larsson to CNM in April 2003 to work on SIESTA package

· Elwira Wachowicz to LAAS in April 2003 to work on OXCAD package

· Andreas Larsson to Chalmers Univ. in May 2003 to work on DACAPO

· Riccardo Rurali to LAAS in March 2003 to work on OXCAD

· Leonardo Jeloaica to Milano in March 2003 to set up a collaboration with INFM

· Ahmed Dkhissi to CUT in Sept. 2003 to work on Van der Waals interaction usinf ab initio methods

· Ahmed Dkhissi to NMRC in may 2003 to work on biological applications

· Daniel Hill to all places to set up the software platform

Equal opportunity has been at the basis of our recruitment strategy. Therefore, no special measure has been taken. However, we should observe that three female Young Researchers have been recruited out of a total of eight Young Researchers.

The multidisciplinarity is in the essence of ATOMCAD network. All scientific work achieved is related to different disciplines : physics, chemistry, biochemistry, microelectronics, material science and computer science.

The connection with industrial and commercial world is achieved through :

· The presence” of SIGMAPLUS as an SME partner within ATOMCAD,

· The tight connection between ATOMCAD network and the European project HIKE, devoted to the modelling of high –k materials deposition, with Motorola and Infineon as partners,

· Bilateral collaborations in projects between ATOMCAD participants and industrial partners.

B.6
Difficulties

The major difficulty has consisted in the recruitment of Young Researchers. Although a clear improvement has been observed during the last period, we still are behind the provisions. As suggested during the Mid Term Review Meeting, we are going to modify the allocations to different partners, and make a proposal to the European Commission, in order to cope with the initial proposal.

ANNEXE – INDIVIDUAL YOUNG RESEARCHERS ACTIVITIES*

*Plus added collaborating activity between CEA-DAM and LAAS-CNRS where recruitment has faced severe problems. This motivates further modifications up to the end of the project such as man/months transfer…

Training program for Elwira Wachowicz

May, 2002–February, 2003

During my staying in Materials and Surfaces Theory group at Chalmers University of Technology in Gothenburg, Sweden I have been trained in different areas.

1. I learnt how to install and use two plane-wave DFT codes: dacapo and PWscf. Plane-wave DFT training included:

- generating ultra-soft pseudopotentials using D. Vanderbilt’s code

- compilation both parallel and serial versions for Linux and SGI systems

- installation on Linux cluster in Umeå and local desktops

- running of both serial and parallel versions of those programs

- using PBS batch system

- learning to utilize the python programming language which serves as the scripts for efficient interfacing of the dacapo calculations with visualization programs

- learning to program python

- calculating ab initio vibrational properties of solids and performing system stability study based on them

- interpretation and model study to test and use the above mentioned vibrational properties of solids e.g. phonon spectra or phonon DOS

2. As for data analysis I learnt:

- how to calculate transition pressure for different phases of a crystal

- how to calculate lattice parameters and bulk modulus using the method published by E. Ziambaras and E. Schröder

· basics of program Mathematica

3. Training in essential skills for a scientist included:

- learning of writing applications for CPU time

- presenting scientific results – course: ”How to...” by E. Schröder http://fy.chalmers.se/~schroder/HowTo/howto2003.html) devoted to different ways of presenting results including:

- different types of talks like elevator talk (about 1 min.), hall talk (about 3 min.) or office talk

- preparing professional web page http://fy.chalmers.se/~elwira

- writing cv

- efficient writing scientific paper

- preparing a training: “A Short Tour of dacapo and PWscf codes” for  graduate students and post-docs from ATOMCAD project during ATOMCAD spring meeting in Gothenburg, Sweden.

4. I learnt basic Swedish

5. Last but not least participating in seminars and scientific discussion as well as talking to group members and guests which is essential for scientific development.

Curriculum vitae

Elwira Wachowicz 





Institute of Experimental Physics

Phone:(+48)71 3759266 




University of Wroclaw

Fax:(+48)71 3287365 




Pl. Maxa Borna 9

e-mail: elwira@ifd.uni.wroc.pl 



PL-50204 Wroclaw, Poland

Nationality: Polish

Phone: +(46)31 7723669 




Materials and Surfaces Theory

Fax: +(46)31 7728426 




Department of Applied Physics

elwira@fy.chalmers.se




Chalmers University of Technology

S-41296 Gothenburg, Sweden

Education:

1996 - 2001 
Ph.D. studies, University of Wroclaw, Wroclaw, Poland. Thesis: “Ab initio calculation of electronic and geometric structure of bulk and (0001) surface of Be and Mg”. Advisor: Professor Adam Kiejna.

1986 - 1991 
M.Sc. studies, University of Wroclaw, Wroclaw, Poland. Thesis: “Adsorption of Copper on Iridium Tip”.

Employment:

1991-1994 
Research Assistant (research position without teaching duties), Institute of Experimental Physics, University of Wroclaw

1994-1996 
Research and Teaching Assistant (research and teaching position before Ph.D.), Institute of Experimental Physics, University of Wroclaw

2001-now 
research associate and teacher (adiunkt), Institute of Experimental Physics, University of Wroclaw.

April, 2002-now post-doctoral fellowship, Materials and Surfaces Theory, Applied Physics, Chalmers University of Technology, Gothenburg, Sweden (on temporal leave from University of Wroclaw).

Account of my research activities

Up to 1996 I was working in the field of the experimental physics. My research work was directed to investigations of gas-metal and alkali metal-metal interaction using field emission microscopy and field emission flicker noise method.

In the beginning of 1996 I the computational materials science became my main scientific interest. Then I started first principles calculation of the electronic and geometric properties of metals and metal surfaces (work function, surface energy, lattice relaxation) using the pseudopotential plane wave code. I have been also examining vibrational properties of solids with the help of first-principles code.

Currently, my research work is directed to two main areas. I perform the calculation of electronic properties of clean and adsorbed metal surfaces using density functional theory. Currently I have been working on alkali metals adsorption on the Mg(0001) surface.

The second part of my work is devoted to phenomena occurring at contacts between semiconductors and metals. I want to understand how the atomic structure of contact region can influence the properties of such a contact. Currently, I have been working with SiC substrate and Al or Ni adsorbate.

Workshops, visits to other laboratories and talks:

- February 8, 2003 – Rock-salt ZnO: Stability Study talk at ATOMCAD meeting, Gothenburg, Sweden.

- February 7, 2003 – A Short tour on dacapo and PWscf codes training on using first-principles codes, ATOMCAD meeting, Gothenburg, Sweden.

- December 19, 2002 – Contacts, Gates and Interfaces talk at Materials and Surfaces Theory group meeting, Gothenburg, Sweden.

- December 13, 2002 – Contacts, Gates and Interfaces talk at ATOMCAD meeting, Paris, France.

- 7 - 12 September, 2000 participation in “XWorkshop on Computational Materials Science”, Tanka Village, Sardinia, Italy.

- 9 - 18 August, 1999 participation in the workshop on “Calculation of Material Properties using Total Energy and Force Methods and ab initio Molecular Dynamics”, International Center for Theoretical Physics, Trieste, Italy.

- 1999 (7 weeks) research visit in the Theory Department of the Fritz Haber Institute, MPG, Berlin, Germany (Host: Professor Matthias Scheffler).

- 1998 (2 weeks) visit in the Theory Department of the Fritz Haber Institute, MPG, Berlin, Germany (Host: Professor Matthias Scheffler).

Additional experience

In order to do my research I use 3 plane-waves DFT codes: fhi98md, dacapo and pwscf and the two later ones are parallel programs. Not only I use them but I also compiled and installed both serial and parallel versions of those programs (if available). I performed my calculations on different Unix platforms: SGI, PC with Linux, Alpha and Sun.

Moreover I can

- generate ultra-soft pseudopotentials using D. Vanderbilt’s code

- use PBS batch system

- utilize the python programming language which serves as the scripts for efficient interfacing of the dacapo calculations with visualization programs

- program python

- calculate ab initio vibrational properties of solids and perform system stability study based on them

- write application for CPU time

Teaching activities:

Exercises: Elements of surface physics; Physical laboratory; Computer laboratory: Matlab; Computer laboratory: Ab initio calculations

Publications:

1. E. Wachowicz, E. Schr¨oder and P. Hyldgaard, The rock-salt ZnO materials, in preparation.

2. A. Kiejna, T. Ossowski and E. Wachowicz, Theory of alkali metal adsorption on Mg(0001) surface, in preparation.

3. E. Wachowicz and A. Kiejna, Bulk and surface properties of hexagonalclose- packed Be and Mg, J. Phys.: Condens. Matter, 13 (2001) 10767.

4. E. Wachowicz and A. Kiejna, Multilayer relaxations at the (0001) surface of Be and Mg, Solid State Commun., 116 (2000) 17.

5. R. Błaszczyszyn, E.Wachowicz and M. Błaszczyszynowa, Interaction of  Hydrogen with Vanadium Layers Preadsorbed on Tungsten Field Emitter Tip, Acta Phys. Pol., 5-6 (1998) 763.

First name: Leonard

Last name:  JELOAICA
Nationality: Romanian

The age at the appointment : 28

The start of appointment: November 2001

The end of appointment:  November 2004

The category: pre-doc

Speciality: Atomic scale modelling in solid state physics

Place of work: Laboratoire d’Analyse et d’Architecture des Systèmes - CNRS
Country of work : France 

I have started preparing my thesis at the “Laboratoire d’Analyse et d’Architecture des Systèmes” in the frame of ATOMCAD european network, November 2001. The work is carried out under the supervision of Prof. Mehdi Djafari Rouhani  and Dr. Alain Esteve in the “Microsystem  and System Integration” research group. 

So far my work have consisted of training and research on the subject: “modelling and simulation of molecular grafting on Si surfaces”. This subject is of interest for applications in microelectronics, emerging nanosciences and biotechnology (like biochips and Lab on Chip).

During this period I have dealt with determination of relevant interactions that take place at the interface gas/substrate during the growth of thin high-k oxides on SiO2 surfaces (contribution to the European HIKE project). The work involved ab initio cluster-type calculations in the frame of DFT/Kohn-Sham theory and will be followed by Kinetic Monte Carlo simulations.

The results carried out so far are briefly summarized in table 1 a, b and illustrated on the following figure along with the corresponding half reactions for all of the three oxides: HfO2, ZrO2 and Al2O3.

Tabel 1a: Initial stage – first half reactions: {SiO2}-OH  +  MeCl4  ( {SiO2}-O-MeCl3  +  HCl; {SiO2}-OH  +  Al(CH3)3 ( {SiO2}-O-Al(CH3)2  +  CH4
	oxide
	chemisorbed complex/Ec[eV]
	Transition state/Ea[eV]
	Final state/ (E= Ef-Ec[eV]
	Evaporation energy Ev[eV]

	HfO2
	0.48
	0.88
	+0.26
	0.12

	ZrO2
	0.44
	0.91
	+0.31
	0.1

	Al2O3
	0.46
	1.04
	-1.45
	-


Table 1b: second half reactions (hydrolysis):

{SiO2}-O-MeCl3  +  H2O ( {SiO2}-O-MeCl2(OH)  +  HCl 

	oxide
	chemisorbed complex/Ec[eV]
	Transition state/Ea[eV]
	Final state/ (E= Ef-Ec[eV]
	Evaporation energy Ev[eV]

	HfO2
	0.68
	0.96
	+0.63
	0.18

	ZrO2
	0.63
	0.90
	+0.70
	0.1
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In the tables, Me refers to  Zr or Hf and {SiO2} refers to a SiO2 substrate.

So far one can conclude that, quantitatively, ZrCl4 and HfCl4 have the same reactive behavior during the interaction with the surface. Despite the less stability of the final state in comparison with the chemisorbed complex, the small energy needed for evaporating the end product, HCl, makes the reverse reaction improbable.
 For Al(CH3)3 –  the reaction is strong exothermic and the final product quite stable. As concerns the hydrolysis reactions, the final product is unstable in the absence of complementary intra-layer reactions.

As perspectives, we will continue our work with studying on:

A. Microscopic level: carbon contamination, oxygen diffusion,distribution of the active sites - OH
, role of the interaction with adjacent dimer units (Densification  (  intra-layer mechanisms and periodic calculations currently under investigation  using VASP)
B. Mesoscopic level: development of a Al2O3 Kinetic Monte Carlo growth model in which the effects of energy transfer from hot atoms to lattice atoms will also be implemented to some extent.
Also, I make part of:

- “Modelisation et Simulation à l‘Echelle Atomique” regional group, where I have periodic contacts with senior scientists different laboratories of the Toulouse University. In this frame I will make part of the Organizing Committee of the PHYSICS SPRING SCHOOL “Modeling and Simulation in Micro and Nano Technologies and Materials Engineering” which will take place in Toulouse, April 7th - 11th, 2003.

- National CNRS targeted action “Equipe-Projet” named “Maîtrise des assemblages: Silicium/bio-sondes/Cibles Moleculaires dans la perspective des nanofabrications du future”, being partly in charge of the molecule/surface-interface modelling expertise.

 New contacts - Following my contribution to “IV Symposium SiO2 and Advanced Dielectrics”
, at the beginning of March 2003 I was invited at “Laboratorio Materials and Devices for Microelectronics” (MDM-INFM), Milano, Italy for making a presentation of my work on HfO2, ZrO2 and Al2O3. A collaboration with the group of experimentalists has started.

Training – between 1-4 April 2003 I will participate to the ‘’Gaussian Workshop’’ that will take place at the University of Ulm, Ulm, Germany. The workshop will cover the full range of methods available in the Gaussian 03 package with emphasis on new methods and features.

Conferences:

1. . L. JELOAICA, A. Estève, M. Djafari Rouhani, D. Estève, Simulation a L’échelle Atomique De Processus Physico-Chimiques Dans La Croissance D’oxydes A Forte Constante Diélectrique - oral presentation, ‘’Journées Nationales du GDR Nanoélectronique’’, 28-31 janvier 2003, Grenoble.
2. L. JELOAICA, A. Estève, M. Djafari Rouhani, D. Estève,  
Ab initio investigation of basic mechanisms during High-k precursor molecules deposition on hydroxylated SiO2 – poster, “IV Symposium SiO2 and Advanced Dielectrics”, September 16-18, 2002, 
Trento (Italy).
3. A. ESTEVE, M. DJAFARI ROUHANI, L. JELOAICA, D. ESTEVE,  Ab initio investigation of basic mechanisms during HfO2 deposition on Si substrates – oral presentation, 2002 E-MRS Meeting, Symp. A “Atomic Scale Materials Design”, June 18–21, 2002, Strasbourg.

4. A. ESTEVE, M. DJAFARI ROUHANI, L. JELOAICA, J. Greer, S. Elliot, P. Paillet, J.L. Léroy, Atomic Scale Modelling of nanotechnologies. Thin Film gate oxide simulation, EC/NSF workshop on nanotechnology “Tools and Instruments for research and nanofacturing” – poster, 12-13 june 2002, Grenoble. 
Reports:

1. A.ESTEVE, L.JELOAICA, M.DJAFARI ROUHANI, D.ESTEVE, Evaluation of basic mechanisms of high-k materials deposition on SiO2/Si system. Rapport LAAS N°02354, Septembre 2002, 14p. 
Publications:

1. L.JELOAICA, A.ESTEVE, M.DJAFARI ROUHANI, D.ESTEVE 

DFT study of HfCl4, ZrCl4 and Al(CH3)3 decomposition on hydroxylated SiO2:initial stage of high-k atomic layer deposition,  Appl. Phys. Lett. submitted.
2. A.ESTEVE, M.DJAFARI ROUHANI, L.JELOAICA, D.ESTEVE, DFT investigation of HfCl4 decomposition on hydroxylated SiO2: first stage of HfO2 atomic layer deposition. Comp. Mat. Science accepted.
Andreas Larsson

Nitrogen and Phosphorus as Endohedral Dopant Atoms in Buckminsterfullerene

We have studied trapping of nitrogen and phosphorus inside a [60]fullerene through extensive calculations, and we have reached a level of description that is unrivaled in the literature.. The unusual situation in where an atom residing in a C60 molecule (endohedral doping) and does not bond (strongly interact) with the cage, has been discovered for the group V atoms nitrogen and phosphorus. Nitrogen and phosphorus are so far the only known dopants that does not chemically bond or transfers electrons to the cage, bar the noble gas atoms. It has been suggested that this protection of the atom by the cage from its surroundings could be explored in quantum computers.

We have with our calculations verified and explained all experimental findings for these entities, as well as discovered important properties that are still to be elucidated by measurements. The properties for these two molecules that are through this research known from both theory and experiment are their spin state, the endohedral atom’s vibration, thermodynamic instability, and the squeezing of the caged atom. It has been shown that the electron spin resonance (ESR) signal for N@C60 and P@C60 gives a quartet state that is very similar to the ESR signals for free N and P, respectively. In our calculations we have found a remarkably pure quartet spin, which verifies this experimental finding. We have calculated the vibrational frequencies of these molecules and found that the lowest energy vibration corresponds to the rattling of the dopant atom in the cage. The rest of the vibrational frequencies are virtually identical to those of free C60. The vibrational frequency of the endohedral atom has also been estimated by fitting the temperature dependence of the hyperfine interaction, which has yielded frequencies in agreement with our predicted numbers. Finally, a charge build-up in the valence region of the endohedral atom has been observed from our computations. This is in agreement with the experimentally observed increase in the hyperfine interaction of the encapsulated nitrogen and phosphorus. In addition, we have found that the escape of the caged atom is energetically favorable. We have correlated the escape energy for N and P and related it to the stability of the noble gas complexes Ne@C60 and Ar@C60. This shows that the escape energy is proportional to the size of the atom. To find that very reactive atoms like N and P behave as noble gas atoms when trapped in C60 is a very surprising result, but it fits perfectly with our model of the molecules N@C60 and P@C60. We have found that the endohedral atoms are pinned to the centre of the cage by repulsive interactions with each carbon atom in the fullerene.

As mentioned above, we have through our investigation also found and explained some interesting details including; a slight down shift of the endohedral atom’s energy levels; an increase of the electronic excitations, compared to the free atom, and most importantly; the unusual situation of open-shell energy levels belonging to the endohedral atom are positioned below the ‘valence band edge’, and not in the ‘band gap’.

We have in addition successfully defended our findings of a Ih symmetric (centre position) P@C60 in a comment on a paper publishing that the most stable structure is with phosphorus in a off-centre position. We have shown that our calculational work is the more physically sound and we have been able to present our results in such a way, with convincing facts that supports our arguments, that the comment that we wrote was published without a reply. This establishes the Computational Modelling Group at the Research Institute that is NMRC, as the world experts on the calculations of fullerenes endohedrally doped with nitrogen or phosphorus.

Publications

J. A. Larsson, J. C. Greer, W. Harneit, and A. Weidinger, Phosphorus Trapped within Buckminsterfullerene, Journal of  Chemical Physics, Vol 116; 7849-7854 (2002). 

J. A. Larsson and J. C. Greer, Comment on: Structural and electronic properties of endohedral phosphorus fullerene P@C60: an off-centre displacement of P inside the cage, Molecular Physics, Vol 100; 3475-3477 (2002).

J. A. Larsson, J. C. Greer, Scientific Review in PHANTOMS Newsletter: Atomic Nitrogen and Phosphorus Trapped in Buckminsterfullerene, July/September 2002 – Issues 7/8.

Presentations

J. A. Larsson, J. C. Greer, The Nature of Endohedrally Doped Fullerenes, Irish Atomistic Simulators Meeting (IASM 2002), December 16-17, Dublin, Ireland.

Bonding between Thiol Molecules and Gold Nanoparticles

The structure and binding of thiol molecules to gold surfaces and nanoparticles is central to the understanding of the electronic properties of self-assembled monolayers and, to nanoscale assemblages consisting of molecular wires and metal nanoparticles

In the race of miniaturization of microelectronics, alternative ways of making transistors and wiring transistors has to be sought. It is predicted that the size of individual transistors will shrink to nanometer size and approach the size of individual molecules in a not so distant future. To explore possible molecular devices and to be prepared for these changes in the technology, we are exploring molecular wires self-assembled to gold particles through computational modelling. Self-assembly of organic molecules onto metal surfaces and nanoparticles via thiol groups is an area of importance to molecular electronics and for biotechnology applications.

We have studied how thiol molecules bond to gold, which is important for applications where thiol molecules are; attached to gold contacts; linked between gold clusters; and used as end groups for self-assembly of molecules on metal surfaces. We have made calculations on methanethiol and benzenethiol and their bonding to gold clusters. 

We have used quantum mechanical methods, in the density functional representation, to compute the explicit bonding parameters between the thiolate sulfur and the gold atoms. This has reviled that there are larger bond distortions among the gold atoms involved in the thiolate bonding than anticipated. This means that predictions that has been made in the past by the scientific community about strength of bonding and electronic transport, which are all dependent on the bonding parameters, has to be revised. Based on our study we have been able to suggest new bonding parameters to be used in studies of thiol molecules bonded to gold.

We have in addition studied the effect on the energy levels of the thiols upon bonding with gold, and are able to provide charts that show the origin of the orbitals, either gold, molecular, or a combination of the two. This is important when trying to understand electron transport from metal to metal through molecules, especially in identifying possible paths for the current carrying states. We have also found and explained a generic charge transfer upon bonding, from gold to the thiol molecule, which is largely localized on the interfacial sulfur atom.

Publications

J. A. Larsson, M. Nolan and J.C. Greer, Interactions of Thiol Molecules with Au13 Clusters, Journal of Physical Chemistry B, Vol 106; 5931-5937, (2002).

Presentations

M. Nolan, J. A. Larsson, and J. C. Greer, Band Structure Engineering of a Molecular Wire System Composed of Dimercapto-acetoamidobenzene, Its Derivatives, and Gold Clusters, EMRS Spring Meeting, Strasbourg, France (2002).

CEA-DAM / LAAS-CNRS collaborative activity on silicon thermal oxidation

The goal of this joined activity is to set up a hierarchy of models to address the modeling of thermal oxidation of silicon. This problem still remains unsolved despite a wide research effort along the years. The hierarchy of models, i.e. a multiscale methodology has to be understood in the following manner. State of the art ab initio tools are used to depict elementary phenomena such as reaction pathways and associated activation energy barriers. Then, a Kinetic Monte Carlo is developed, based on the general knowledged coming from literature and from ab initio calculations. This last model authorizes atomic scale modeling of the oxide growth as a function of the experimental procedure. Finally, a mesoscopic model is derived from the Kinetic Monte Carlo approach. We thus provide a model that is more easily usable by designer engineers, in the spirit of the well known Deal and Grove model.

The all hierarchy is now engaged and the collaboration is operative along four axes and planned in the following way for the year 2003:

1. ab initio calculations are performed both at CEA-DAM and LAAS-CNRS. CEA-DAM used a massive computational resource (Teraflops) and target the initial dissociation of O2 molecules on the Si(100) surface. This specific problem has been already studied in the past, but none of these studies have predicted the new experimental features showing backbond oxygen insertion via intermediate silanone formation. LAAS-CNRS is looking at the possible oxygen migration pathways on the surface once insertion has occurred. Key issues are the effect of local strain inhibiting agglomeration and charge transfer enhancing it,

2. Kinetic Monte Carlo model named OXCAD is developed at LAAS-CNRS. The body of the work is to improve the model at the light of what is being done at the ab initio level. Also, contacts with advanced experimental techniques (in situ infrared spectroscopy and STM experiments) who shown new insight have been taken and should be part of the general improvement of the program,

3. Continuum modeling is developed at LAAS in close connection with the Kinetic Monte Carlo development.

4. CEA-DAM addresses the irradiation effects on the oxide structures. This is done via two different ways. First defect structures are calculated with ab initio models on guessed based on bulk-SiO2 structures. Ongoing work concerns statistical inventory of possible oxygen vacancies inside this structure. The second way is to generate directly the SiO2/Si interface structure through the Monte Carlo simulation and to understand how the defect are generated as a function of the experimental procedure before looking at them at the ab initio level. Of course this second way is rigorously more pertinent but needs more effort as it requires development.

We should emphasize the fact that the development of the Kinetic Monte Carlo code motivates the transfer of CEA-DAM men/month to LAAS-CNRS due to recruitment impossibility in the remaining amount of time up to the end of the network contract.

- Two joined publications are envisaged before the summer. One will address the preliminary results of oxygen migration pathways while the other will target the initial dissociation of oxygen molecules.

- A conference talk has been scheduled next July at a high scientific level symposium within the Asian MRS taking place at Singapore.

- Contacts with the most advanced experimentalists on the subject have been taken. We already have two seminars planned. One at the Rutgers University – USA via Y. Chabal and Garfunkel (IR, XPS and electron microscopy experiments) and one at Molecular Photo-Physics Lab.-ORSAY-France via G. Dujardin (STM experiment).

Daniel Hill:Recent scientific results

Since joining the Atomcad TMR network as a post doc in Dec. 2002 I have endeavoured to set up a software platform for cooperative remote work. To date I have helped to define the platform as being made up of a Graphical User Interface (GUI) which would be connected to each of the available software packages through an interpreter. I have also performed an in depth review of software that contain various GUI and common protocols and compared these to each other. It was decided that the JAVA language is best suited for both GUI and interpreter applications.

By examining the various software developed by the partners, after discussion I was able to create an exhaustive list of software worked on or with by the partners. From this list, after consultation, I was able to draw up a list of preference for inclusion in the platform with the first placed being the most likely software for inclusion. The first four will be studied in depth as the initial platform will initially consist of just three software. 

· MCCI developed at NMRC

· OXCAD developed at CEA and LAAS

· DACAPO presently used at Chalmers Univ.

· SIESTA presently used at CNM

· TROCADERO presently used at CNM

· VIBRATOM developed at LPST

-     SPARCC developed at LAA/LPST

Over the next 2 months I shall visit the first four partners to gather more information about their developed software for the inclusion of their software. I am also going to develop the necessary cooperative and security protocols to ensure proper operation of the platform. Recently I have set up a discussion or newsgroup for the Atomcad partners so they may communicate their ideas and problems more easily.

Riccardo Rurali / Servane Blanque

Boron diffusion in SiC

We approached the topic of B diffusion in SiC by means of first principles calculations, performing both structural relaxations and extended molecular dynamics. We adopted a constrained minimisation strategy to deduce the barrier to the interstitial diffusion of interstitial B, founding that it is rather low, amounting to 0.65 eV. The kick-out mechanisms, consisting in the displacement of a B atom substituting at a Si site by a Si interstitial, is one of the candidates for the diffusion activation. We investigated successfully such possibility with a 10 ps first principles molecular dynamics, showing that a rather quick kick-out is followed by a complete decoupling of the Si and the B atoms.

Publications

R. Rurali, E. Hernández, P. Godignon, J. Rebollo and P. Ordejón, Ab initio calculations of B diffusion in SiC, Materials Science Forum, 389-393, pt.1, p. 553-556 (2002).

R. Rurali, P. Godignon, J. Rebollo, P. Ordejón and E. Hernández, Theoretical Evidence for the kick-out mechanism for B diffusion in SiC, Applied Physics Letters, 81, no.16, p.2989-2991 (2002).

J. L. Mozos, R. Rurali, G. Canto, E. Canadell, P. Ordejón and E. Hernández, Recent applications of simulation techniques in materials science and nanotechnology, Transworld Research Network (India), accepted for publication

R. Rurali, P. Godignon, J. Rebollo and P. Ordejón and E. Hernández, A comprehensive study of B and vacancies diffusion in SiC, in preparation.

Conferences

ICSCRM2001 (International Conference on Silicon Carbide and Related Materials), 28 Oct 2001, Tsukuba (Japan).

Vacancies diffusion in SiC

The migration of the Si and C vacancy in SiC was investigated in the framework of first principles calculations. The different mechanisms that might produce vacancy diffusion was analysed, showing that for the C vacancy only the C sublattice is involved in the process, while in the case of Si vacancy a more complex process, involving all the host lattice and mediated by the creation of a C vacancy - C antisite pair. This last mechanism was showed to force the Si vacancy diffusion process to evolve along a higher energy path, reducing its mobility.

Publications

R. Rurali, E. Hernández, P. Godignon, J. Rebollo, and P. Ordejón, First principles studies of neutral vacancies diffusion in SiC, Computational Material Science, 27/1-2, p.36-42 (2003).

R. Rurali, P. Godignon, J. Rebollo and P. Ordejón and E. Hernández, A comprehensive study of B and vacancies diffusion in SiC, in preparation.

Conferences

E-MRS Spring Meeting (European Materials Society Spring Meeting), 18/6/2002, Strasbourg (France).

Nitrogen and phosphorus co-doping in SiC

Experiments on the high-dose co-implantation of N and P in SiC surprisingly showed that a lower overall activation was achieved with respect to the case in which only P was the implanted species (at the same dose). We carried out a study by means of first principles calculation to investigate possible self-passivating effect suffered by clustering of dopants. We demonstrated that the most stable P compound that may possibly form do not self-passivate and keeps on being an efficient dopant; on the other hand, all N clusters that we analysed, exhibit a deep level at mid-gap, indicating that a self-passivation took place. We proposed this to be one of the most relevant channels in the low activation rate of high-dose implanted N.

Publications

R. Rurali, E. Hernández, P. Godignon, J. Rebollo and P. Ordejón, N and P co-doping in SiC, Material Science Forum, accepted.

R. Rurali, P. Godignon, J. Rebollo, P. Ordejón and E. Hernández, First-principles study of n-type dopants and their clustering in SiC, Applied Physics Letters, accepted.

Conferences

ECSCRM2002 (European Conference on Silicon Carbide and Related Materials), 1/9/2002, Linköping (Sweden).

Impurity activation and Oxidation in SiC

The study of Thermal Treatment of SiC Doping and Oxidation is divided into two parts: Monte Carlo simulations with the program I2SiC and experiments. In particular, the annealing of the SiC samples is performed in an induced oven at C.N.M. The only accessible technique for doping SiC devices is the ion implantation, but this way of doping induced damages. The furnace allows to recristallise and to activate the dopants. Furthermore one aim of this work is also the SiC oxidation with a RTA oven but also with standard oxidation. At ECSCRM 2002, a work on nitrogen and phosphorus ions implantations in 6H-SiC has been presented, and especially a quantitative evaluation of the implantation damage and damage recovery after room temperature ion-implantation of these ions. So why did we chose to make a work on a co-implantation of nitrogen and phosphorus ions at room temperature. In fact to perform efficient n-type doping, both nitrogen or phosphorus can be used (because of their comparable ionization energy). At low dose, nitrogen is preferred (due to a large versatility associated with a low atomic mass). At high concentration, the electrical activation of N donors tends to saturate around a value close to 3.1019 cm-3. But high temperature ion implantation is a drawback for the implementation of SiC devices. So we investigated how much of the results remain at room temperature. Thus the evaluation of the damage produced by the ion implantation, but also the lattice recovery after annealing was characterised by micro-Raman spectroscopy. To get a damage and recovery maps of implanted samples before and after annealing, the calculations were made with the values of the LO peaks amplitudes in different positions of the wafer before and after implantation and with the LO peaks amplitudes of the virgin samples. It is about the same way to get the damage recovery. Moreover electrical measurements have been made (sheet and contact measurements). After 1650°C annealing during 30 min; there is a reasonable crystal recovery and also a good agreement with previous high temperature implantation works.

Publications

J. Camassel, S. Blanque, N. Mestres, P. Godignon, and J. Pascual, Comparative Evaluation of Implantation Damage Produced by N and P Ions in 6H-SiC, Phys. Stat. Sol., accepted

S. Blanque, R. Pérez, M. Zielinski, J. Pernot, N. Mestres, J. Pascual, P. Godignon and J. Camassel,

Quantitative Evaluation of Implantation Damage and Damage Recovery after Room Temperature Ion-implantation of N+ and P+ ions in 6H-SiC, Mat. Sci. Forum, accepted.

Conferences

ECSCRM2002 (European Conference on Silicon Carbide and Related Materials), 1/9/2002, Linköping (Sweden).
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