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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 I.

A.1 - 1) Silicon Carbide Devices : Oxidation and Ion Implantation

This point 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 problem of hydrogen induced metallization of surfaces has also been studied within this collaboration. Experimental Infra Red spectroscopy data of Y. Chabal have been used for validation of theoretical results.


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

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


Finally, CUT has worked on both thermal-transport properties and on understanding processes of the surface graphitization observed on SiC surfaces when heated to more than 1400°C.

A.1 - 2) Silicon Gate Oxides

The first stages of silicon oxidation has been investigated through a collaboration between CEA and LAAS. The effort has been directed towards the migration of oxygen atoms in different positions within the silicon substrate. A joint paper on this topic has been submitted to MRS annual meeting in Boston and another to the E-MRS meeting in Strasbourg.


ab initio study of neutral and charged defects in SiO2. Super-cells of amorphous SiO2 containing 108 atoms are used. The amorphization is obtained by a Molecular Dynamics process where classical semi-empirical potentials are used. A statistical approach is then implemented by removing successively different oxygen atoms at different sites to create oxygen vacancies in different configurations. Results show that neutral and negatively charged vacancies have similar behaviour. They both lead to Si-Si dimer structure with a formation energy around 6 eV. The positively charged vacancy shows a different behaviour with a formation energy around 10 eV. The structure shows fourfold and fivefold silicon and the formation of rings.

A.1 - 3) High –k Gate Oxides
A collaboration between NMRC and LAAS has allowed the ab initio investigation of alternative high –k gate oxides (HfO2, ZrO2, 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. 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. 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. A particular objective is to reproduce defect creation in the films as a function of experimental conditions.


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 - 4) Biological and Biochemical Applications

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 to be completed by a Kinetic Monte Carlo software package to be used in Bio-chips and Lab on Chip design. This work has led to two publications.

Development of density functional theory (DFT) to extend DFT calculations to include the ubiquitous van der Waals interactions has been a long term focus of a joint research project involving the group of David Langreth, Rutgers university, and CUT. The past year has been an exciting period of breakthroughs. In several key cases we have managed to turn the significant formal work in the functional development into explicit ab initio calculations and predictions for soft and sparse matter. Successively, the DFT, which is famous for its successes in describing hard materials, can be applied to significantly broader classes of materials. This work is going to be extended to graphite and nanotubes.

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.

A.1 - 5) Other Issues

These topics concern scientific advances in different partner labs, not necessarily involving ATOMCAD Young Researchers. A survey of these issues is given below and more details are reported in Annex II.

· ZnO properties, at CUT,

· Accessibility in biological systems using a combined energetic and geometric approach, at LAAS,

· Monte Carlo Configuration Interaction Model and Density Functional Theory applied to the study of dopants and defects in nanostructures, at NMRC,

· Adsorbate dynamics on noble metal surfaces, at CUT,

· Heteroepitaxial growth and interdiffusion of semiconductors, at LAAS,

· Phonon generation at TeraHertz frequencies, at CUT,

· Electronic structure of excited molecules using Monte Carlo Configuration Interaction, at NMRC,

· One Dimensional electron systems on surfaces , for oxides, noble metals and on semiconductor surfaces, at CUT.

A.2
Joint Publications and Patents

As a result of previous collaborations, the three following joint papers have been submitted during the period from Feb. 2003 to Feb. 2004. The first publication 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 - 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, to be published.

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

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

MRS, 1 – 5 Dec. 2003, Boston

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

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


The remaining publications are reported in Annex III.

PART B - COMPARISON WITH THE JOINT PROGRAMME OF WORK
B.1
Research Objectives
In the original proposal, the four following points were suggested 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.

The first two points are now well completed. Point (3) is almost completed as a result of the recruitment, by SP, of a Young researcher, Daniel HILL as a post doc, in Dec. 2002. The set up of the platform has been performed by SP, in collaboration with academic partners and a set of software packages are available on it. Its implementation details are reported in section B3, Task 2 – Software Interface Development.


Concerning the point (4), three international events have already been organized by ATOMCAD network, two others are scheduled in the next months. Further, ATOMCAD members have participated to the organization of two more events. On the other hand, ATOMCAD Young Researchers have participated to 14 international conferences during the reporting period. All details are reported in section B4.


The scientific activity has been detailed in Part A. Most of the topics suggested in the original proposal has been tackled during the last period. 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, ZnO investigation and high – material deposition,


- Diffusion (conventional and enhanced diffusion) with the participation and formation of complexes, in particular after ion implantation, via the SiC device process and heteroepitaxial interdiffusion,


- Semiconductor and Metallic Thin Film Growth (homo and heteroepitaxial), via heteroepitaxial growth of semiconductors,


- Electrical and Mechanical properties of Interfaces, via the SiC device electrical characteristics 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.


Further, new topics : Van der Waals interaction in soft materials and interactions in biological systems, have been initiated and will hopefully lead to a collaboration between ATOMCAD partners after the end of the network.

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 up to now with successful results. ATOMCAD partners intend to continue with the same method during the remaining period of the network.

B.3
Work Plan
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.
The progress of Tasks and Actions can be summarized as below. The overall conclusion that they are almost achieved. The remaining will be performed in the next few months of extension.

T1 - Software Development

ATOMCAD partners have been actively continuing their programs on software development and exploitation. This concerns a total of eight software described in the previous reports that have been improved during the last period. 

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.

A first version of the platform set up by Daniel HILL is now operational. The work has resulted to date in a working prototype based on a Graphical User Interface (GUI) package connected to each of the available remote software (currently MOXCAD, OXCAD and SIESTA) 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 has to be 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 for OXCAD and MOXCAD. SIESTA input file parsing, 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 functionalities currently being worked upon.

The future goal is to create a multiple user access and to provide user support. Regular update of the platform is foreseen. 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. It uses a Graphical User Interface (GUI), the engine and the platform. A queuing system is still needed.


The next packages to be set on the platform are SPARCC and VIBRATOM

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. 


Finally, an ATOMCAD Newsgroup has been ceated 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
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

Presently, A Kinetic Monte Carlo software package for the deposition of high –k materials is under development at LAAS. 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 before the present reporting period.

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 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.


The important effort during this last period concerns our relation 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

A4 - Progress Survey


The progress survey has been achieved through regular internal meeting and via the progress reports submitted in march 2003. Two internal ATOMCAD meetings have been organized during the reporting period : 

· 6 – 8 Feb. 2003, at CUT, Goteborg,

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

B.4
Network Organization and Management


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


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 has been constructed by Daniel Hill. The Newsgroup is a part of Yahoo newsgroups at the address :

http://groups.yahoo.com/group/atomcad

Organization of international conferences and workshops by ATOMCAD partners have been detailed in section B5. Besides international events, two internal meetings have been organized during the reporting period:

· 6 – 8 Feb. 2003, at Chalmers Univ. of Tech., Göteborg, Sweden,

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

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 continued during the reporting period. 

1) Dominique Tournier has joined ATOMCAD in Aug. 2003 as a post doc at CNM.

2) Jesper Kleis has joined ATOMCAD in Jan. 2003 as a pre-doc at CUT. He has left ATOMCAD in Sept. 2003, but is continuing his wotrk at CUT under a new grant.

3) Andreas Larsson, post doc at NMRC, has left ATOMCAD in July 2003 for a position at Uppsala university.

4) Riccardo Rurali, pre-doc at CNM, has left ATOMCAD in Dec. 2003, after presentation of his PhD Thesis. He is now at the Toulouse Univ. as a post Doc.

In summary, two Young researchers have left ATOMCAD after having successfully performed their period, one having obtained his PhD degree. Both of them have joined the professional area : one in a permanent position and one as a post doc.

On the other hand, two new Young Researchers have joined the network during this reporting period. They are both at the pre doc level and have been inserted into the current research programme of their host institutions. Both are continuing normally their research work, one being financed by ATOMCAD and one being financed by another grant.
For all Young Researchers, visits to other partner labs have been organized in order to ensure multidisciplinarity of the training. Also, 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. Details of the above actions are reported below.


The number of young researchers (in person-months) financed by ATOMCAD network is already beyond the number stated in the contract as deliverable. This effort will be continued within the extension of the contract and will enable the network to achieve all the objectives of the contract.

Table 1 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
	27
	13
	40

	2-NMRC
	0
	45
	45
	0
	40
	40

	3-CNM
	44
	6
	50
	81
	6
	87

	4SP
	0
	14
	14
	0
	14
	14

	5-CUT
	0
	33
	33
	9
	22
	31

	6CEA
	0
	14
	14
	0
	0
	0

	TOTAL
	84
	124
	208
	117
	95
	212


Table 1 - Number of young researchers

whose employment has been financed 

by the contract up to Jan. 2004
Participation of Young Researchers to international conferences

(during the reporting period)

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

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

· Leonard Jeloaica to the “Gaussian workshop”, Paris, March 31st – April 4th, 2003,

· Ahmed Dkhissi to the “Gaussian workshop”, Paris, March 31st – April 4th, 2003

· Daniel Hill to the, "Conferencia de Dispositivos Electrónicos", Calella, Spain, March 2003,

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

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

· Eleni Ziambaras to Physics Spring School in Toulouse, Apr. 7th – 11th 2003, Toulouse,

· Leonard Jeloaica to Physics Spring School in Toulouse, Apr. 7th – 11th 2003, Toulouse,

· Ahmed Dkhissi to Physics Spring School in Toulouse, Apr. 7th – 11th 2003, Toulouse,

· Daniel Hill to Physics Spring School in Toulouse, Apr. 7th – 11th 2003, Toulouse,

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

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

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

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

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

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

· Riccardo Rurali to the Fall Meeting of the European Materials Research Society (E-MRS). September 2003, Warsaw (Poland),
· Ahmed Dkhissi to “29ème congrès des chimistes théoriciens d’expression latine”, Marrakech, 6 – 20 Sept. 2003,

· Servane Blanque to the International Conference on Silicon Carbide and related Materials - ICSCRM03 in Lyon, France,
· Riccardo Rurali to the International Conference on Silicon Carbide and related Materials - ICSCRM03 in Lyon, France.
Secondment of Young Researchers

(during the reporting period)

· Daniel Hill to ATOMCAD network meeting at CUT, 6-8 Feb. 2003,

· Leonard Jeloaica to ATOMCAD network meeting at CUT, 6-8 Feb. 2003,

· Andreas Larsson to ATOMCAD network meeting at CUT, 6-8 Feb. 2003,

· Riccardo Rurali to ATOMCAD network meeting at CUT, 6-8 Feb. 2003,

· Elwira Wachowicz to ATOMCAD network meeting at CUT, 6-8 Feb. 2003,

· Daniel Hill to CNM, 28 February 2003 for training on SIESTA,
· Riccardo Rurali to CUT, March 2003 to work on SiC oxidation,

· Daniel Hill to LAAS, 7 March 2003 for training on OXCAD,
· Leonard Jeloaica to visit the “Materials and devices for Microelectronics (MDM)” lab. in Milano, 7-9 March, 2003,
· Daniel Hill to NMRC, 1 April 2003 for training on MMIC,
· Ahmed Dkhissi to the Univ. of Leuven, Belgium, 20 – 24 April 2003,
· Andreas Larsson to CNM, 26-27 May 2003, training on SIESTA,

· Riccardo Rurali to CUT, August 2003 to work on SiC oxidation,
· Leonard Jeloaica to the Univ. of Bucarest, Aug. 2003,

· Daniel Hill to ATOMCAD network meeting at LAAS, 25-26 Sept. 2003,

· Ahmed Dkhissi to ATOMCAD network meeting at LAAS, 25-26 Sept. 2003,

· Leonard Jeloaica to ATOMCAD network meeting at LAAS, 25-26 Sept. 2003,

· Riccardo Rurali to ATOMCAD network meeting at LAAS, 25-26 Sept. 2003,

· Elwira Wachowicz to ATOMCAD network meeting at LAAS, 25-26 Sept. 2003,

· Daniel Hill, numerous secondments (8-10) lasting less than one day at LAAS after 07/03/03 to date for training/consultations on OXCAD,

· Ahmed Dkhissi to the Univ. of Mons, Belgium, Dec. 2003,

· Leonard Jeloaica. to the Univ. of Bucarest, Dec. 2003.

Conference and Summer School organization

(during the reporting period and near future provision)
· The Physics Spring School In Toulouse “PSSIT2003”: “Modelling and Simulation in Micro and Nano Technologies and materials Engineering” was organized in Toulouse, 7 to 11 April 2003. 35 Young and Senior Researchers participated to the meeting to exchange their views. The lectures given, at the school are available on the ATOMCAD website : http://www.laas.fr/ATOMCAD
· The second Physics Spring School In Toulouse “PSSIT2004” will be organized 17 – 21 May 2004, under the auspices of ATOMCAD. The school thematic will be: Spectroscopy Simulation and Biological applications. We intend to use ATOMCAD support to launch this school and to make a lasting event at an annual rate
· ATOMCAD network is organizing the Symposium H “Atomic Scale Materials Design : Modelling and Characterization” at the future E-MRS meeting in Strasbourg, May 24 – 28, 2004

· ATOMCAD network is organizing the “Workshop on SiC processes, oxidation, films and interfaces” to be arranged in June 2004 in Bohuslaen
Organization of university lectures and courses

· 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

· Similar lecture courses are given at the university of Cork, with the participation of ATOMCAD partners

· 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 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

B.6
Difficulties

The difficulties encountered at the beginning of the network in recruiting Young Researchers have now been overcome. The training part of the contract will be completely achieved at the end of the extension of the contract. We can claim that  even more man months than in the original contract will be provided at this time.

The external dissemination, although well started, is the only point that could be improved. This was the main reason for our request of one year extension of the contract. Given the six months extension, we will be able to reinforce our industrial contacts. These will certainly continue after the end of the network.

PART C

YOUNG RESEARCHERS

REPORT

FORWARDED BY FAX

ANNEX I

Silicon Carbide Devices Oxidation and Ion Implantation
Doping via Ion Implantation

The silicon carbide (SiC) is a semi-conductor compound which, at the moment, appears as being the best adapted to the realization of the electronic components of  (very ) strong power. Its thermal conductivity is nearby of copper, its dielectric rigidity is excellent and its electronic properties are very nearby of the electronic properties of silicon.

The first Schottky diodes (600 volts - 5 Amp.) are already on the market (see, for example, SiCED and Infineon, in Germany or Cree in United States) but, to generalize the use of this material, it is necessary of better controlling the planar technology. A particular delicate point remains to control the processing of the localised doping in the material. Ion-implantation is currently the easiest technique to perform localised area doping in SiC. The thesis that I make in the National Centre of Microelectronics (Centro Nacional de Microelectrónica – CNM) at the Campus of the Universitat Autónoma de Barcelona (UAB), aims at the optimisation of the processing of implantation and fast thermal annealing in SiC. I am thus interested in the physics of the processing of amorphisation and annealing. A part of the work is thus made in Clean Room where is located the furnace of fast thermal annealing (SiC furnace JIPELEC) and another part of the work is doing the operations of physical evaluation of the results. These operations of characterization are made with different equipments of micro-Raman spectroscopy and infrared reflectivity (who allow to estimate damage in the material in every stage of the technological processing). It is necessary not to forget the electric control (final) which allows to determine how many dopants of the species are in site.

One last work (presented in the International Conference on Silicon Carbide and related Materials - ICSCRM03 in Lyon, France) is a contribution to the knowledge of annealing kinetics in n-type implanted 4H-SiC material. We focus on the problem of contact formation for planar devices, such as RF power MESFET, JFET or MOSFET. Such application request, both, a high doping (>1019cm-3) and relatively thin layers (~200 nm). This can be easily achieved by using high doses and standard implantation energies (<150 keV) at room temperature. We characterise the electrical activation through a fast non-contact method, using commercial SonoGage® systems. This gives directly the sheet resistance after every annealing step, without any need for processing.

Device Simulation

The activities within the ATOMCAD network have consisted in the study of ionic implantation and  for the fabrication of silicon carbide devices, and more specifically in the field of MOSFET devices conception. Therefore, various aspect have been investigated, from ion implantation simulation, to test structure fabrications and characterization.

The work structured into 3 tasks running in parallel has consisted in :

1 - Ion implantation simulation, 

2 Test structure design,

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

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

Ion implantation simulation has been done using CNM I2SiC software, a specific home-made “Monté Carlo” software able to perform Ion Implantation simulations of various ion species into silicon carbide. Those data are one of the input of the finite elements software ISE-TCAD, tool used for device conception.

Various test structure have been design in order to get SiC specific parameters such as : 

· activation rate of implanted dopant,

· specific resistance of ohmic contact to SiC,

· inversion channel mobility of lateral MOSFET,

· Interface state density of MOS capacitor…

Concerning those point, a new set of mask for MOSFET and test structures fabrication was design,  using CADENCE software. This new set of mask design includes MOS-capacitors, TLM and Kelvin structures, Hall effect patterns, and lateral MOSFET. It is dedicated to MOS-oxide characterization.

The simulation task takes benefit of the extraction of relevant parameters obtained on test structures (interface state density, effective channel mobility…), and consist in the adjustment of SiC simulation parameters (in particular to MOSFET channel mobility modeling).  Modeling of mobility reduction is done taking into account interface state density, carrier-carrier scattering and surface roughness causing surface mobility reduction.

The next development of this work will consist in the improvement of MOSFET channel mobility modeling, taking into account electrical measurement and also the technological aspect of device fabrication (such as MOS oxide formation, element used for gate electrode…).

SiC Oxidation

For the problem of the oxidation of a SiC surface, Elwira Wachowicz has worked with Riccardo Rurali and Pablo Ordejon at the CNM on calculating the adsorption energy variation for single and double oxygen incorporation.

As part of this work Elwira Wachowicz was trained in the use and comparison of the atomic-orbital Siesta DFT code and the plane-wave DFT code dacapo. The Siesta code offers very significant advantages in terms of speed and efficiency for the relevant large-scale calculations. However, the convergence must be carefully checked for molecular binding and surface adsorption, as Elwira Wachowicz and Riccardo Rurali have documented and detailed in their work to build knowledge of these important theoretical tools.

Thanks to the careful calibration, a full study of the surface-oxidation process has been completed. The study includes a first-principle molecular dynamics study of the initial oxidation process that details the oxygen-molecule dissociation and subsequent oxygen incorporation. The study also includes a very systematic DFT study to identify and compare the set of possible sites for single and double oxygen adsorption. It documents that the variation in the adsorption energy is directly correlated with the degree of associated lattice distortion and thus explains why the topmost oxidation processes are strongly favored.

The study also documents that there is a finite, mutual correlation in the double adsorption processes. The study has been presented by Riccardo Rurali at an international conference at which we submitted a conference proceedings paper to Materials Science Forum.

A longer manuscript is in preparation and a second conference proceeding (detailing the variation and correlation in the double-adsorption processes) will be presented by Elwira Wachowicz at the special ATOMCAD symposium of the EMRS2004 in May in Strasbourg.

Hydrogen induced metallization

The other focus on our Chalmers/CNM ATOMCAD research network (Elwira Wachowicz, Riccardo Rurali, Pablo Ordejon, and Per Hyldgaard) is to understand the nature and mechanisms behind the H-induced metallization of the Si-rich SiC surface. The investigation is motivated by exciting experimental observations by the ATOMCAD advisory board member Yves Chabal and includes first principle density functional calculations (contrasting results by the Siesta and Dacapo code) to investigate the clean-surface reconstruction, Hydrogen adsorption energies, (hydrogen) adsorption-induced changes in the surface relaxation and in the near-surface band structure. Through these extensive calculations we have pieced together the elements of a complex process and have thus identified the nature of the experimentally observed metallization.

Specifically, we have documented that for this special Si-rich SiC surface the hydrogen adsorption does not work (as is normally the case) merely to passify bonds at the surface. Instead the hydrogen adsorption here causes a significant rearrangement of the topmost Si atoms (which are strongly suppressed to fit the lattice constant of the SiC) and to populate the one-dimensional surface states that arise as a consequence of this surface rearrangement. By plotting both band structure and the wave-functions as functions of the electron wave-vector we have both identified and characterized the pronounced one-dimensional behavior of the set of genuine surface state that provides the metallization. The study is in the process of being written up and will be submitted for publication shortly.

ANNEX II

Other Issues

ZnO properties

CUT has worked on calculating and predicting the elastic and general material properties (including stability) of the metastable rocksalt phase of ZnO. This oxide project is motivated by the difficult p-doping the regular ZnO phase and by the recent experimental progress in stabilizing finite-size rocksalt ZnO. A draft manuscript exist and will be completed shortly.
Accessibility in biological systems

LAAS, in collaboration with LPST (Laboratoire de Physique des Solides de Toulouse), have developed a unified model which allows to reach 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.

Adsorbate dynamics on noble metal surfaces

CUT has pursued a long-standing interest in the nature and details of the adsorbate dynamics on the noble-metal surfaces, focusing on Cu(111). The (111) facet of these noble-metal surfaces supports a two-dimensional surface state band and provides interesting electron dynamics due to its low-dimensional metal nature. The placement of an adsorbate or a defect on the surface therefore implies a singular screening response that, in turn, provides an indirect long-ranged mutual defect interaction. The interaction for multiple adsorbates is being explored to see if this effects can affect large-scale correlation and orientation of adsorbate clusters.

CUT has also investigated the local adsorption dynamics on Cu(111) and tested for both site preferences as well as thermally assisted tunneling 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. CUT 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, it was documented that tunneling of the Cu-addimer provides the dominant site-diffusion mechanism at low temperatures.

Heteroepitaxial growth and interdiffusion of semiconductors

LAAS, in collaboration with LPST (Laboratoire de Physique des Solides de Toulouse), have applied the Kinetic Monte Carlo technique to the deposition of heteroepitaxial layers of mismatched semiconductors. The first objective of the recent research has been the investigation of the effect of steps and kinks on the formation of misfit dislocations and 3D islands. A second objective has been the study of interdiffusion between the substrate and the deposited layer and, in particular, the effect of lattice mismatch. This work has led to a PhD thesis, but not involving any ATOMCAD Young Researcher.

Phonon generation at TeraHertz 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.
ANNEX III

Publications

LAAS

1 - N. FAZOUAN, H. ATMANI, M. ADDOU, M. DJAFARI ROUHANI, D. ESTEVE

Efect of the As2 physisorbed molecules on the photoemission current during growth : simulation of GaAs and GaAlAs deposition

Mat. Sci. Eng.  B 120 (2003) 128

2 - A. ESTEVE, M. DJAFARI ROUHANI, L. JELOAICA, D. ESTEVE

DFT investigation of HfCl4 decomposition on hydroxylated SiO2 : First stage of HfO2 ALD

Comput. Mat. Sci.  27 (2003) 75

3 - L. JELOAICA, A. ESTEVE, M. DJAFARI ROUHANI, D. ESTEVE

Ab initio investigation of basic mechanisms during high –k precursor molecules deposition on hydroxylated SiO2

Presented in Symp. A, Current trends in Nanoscience – from materials to application,

E-MRS, 10-13 juin 2003, Strasbourg

4 - J. DALLA TORRE, G.H. GILMER, D.L. WINDT, R. KALYANARAMAN, 

F.H. BAUMANN, P.L. O'SULLIVAN, J. SAPJETA, M. DJAFARI ROUHANI

Microstructure of thin tantalum films sputtered onto inclined substrates : experiments and atomistic simulations

J. Appl. Phys.  94 (2003) 263
5 - L. JELOAICA, A. ESTEVE, M. DJAFARI ROUHANI, D. ESTEVE

Density-Functional-Theory study of HfCl4, ZrCl4, and Al(CH3)3 decomposition on hydoxylated SiO2 : initial stage of high –k atomic layer deposition

Appl. Phys. Lett.  .  94 (2003) 263

6 - A. Estève, G. Mazaleyrat, L. Jeloaica, M. Djafari Rouhani

HfO2, ZrO2 and Al2O3 Atomic Layer Deposition : from molecule/surface interaction to film growth through multi-model methodology

To be published in MRS Symposium Proceedings : Fundamentals of Novel Oxide/Semiconductor Interfaces
7 - A. Dkhissi, A. Estève, L. Jeloaica, D. Estève, M. Djafari Rouhani
Grafting of chains organo-silane on silica surface: A quantum chemical investigation
To be published in J. Mol. Structure

8 - A. Dkhissi, A. Esteve, L. Jeloaica, D. Esteve, M. Djafari Rouhani

Self-Assembled Monolayers and pre-Organization of Organosilanes Chemically Bonded onto Silica by Quantum Mechanical Calculations

(submitted to J. Am. Chem. Soc.)

CNM

1 - R. Rurali, E. Hernández, P. Godignon, J. Rebollo and P. Ordejón

Ab initio calculations of B diffusion in SiC

Materials Science Forum, vol.389-393, pt.1, p. 553-556 (2002). 

2 - 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, vol.81, no.16, p.2989-2991 (2002). 

3 - R. Rurali, E. Hernández, P. Godignon, J. Rebollo, and P. Ordejón

First principles studies of neutral vacancies diffusion in SiC

Computational Material Science, vol. 27/1-2, p.36-42 (2003).

4 - R. Rurali, P. Godignon, J. Rebollo, E. Hernández and P. Ordejón

First-principles study of n-type dopants and their clustering in SiC

Applied Physics Letters, vol.82, no.24,p.4298-4300 (2003).

5 - R. Rurali, E. Hernández, P. Godignon, J. Rebollo and P. Ordejón

First principles studies of N and P dopant interactions in SiC: implications  for co-doping

Material Science Forum, vol.433-436, pt.2, p.649-652, (2003).

6 - R. Rurali and E. Hernández

Trocadero: a multi-algorithm multi-model approach

Computational Material Science, 28, p.85-106 (2003).

7 - R. Rurali, P. Godignon, J. Rebollo, P. Ordejón and E. Hernández

Self-passivation mechanisms in clusters of N dopants in SiC

Physica status solidi (c), 1, No.2, 274-277 (2004).

8 - J. L. Mozos, R. Rurali, G. Canto, E. Canadell, P. Ordejón and E. Hernández

Recent applications of simulation techniques in materials science and nanotechnology

in Recent Research Development in Applied Physics, Transworld Research Network, to be published.

9 - R. Rurali, P. Godignon, J. Rebollo and P. Ordejón and E. Hernández

First-principles studies of the diffusion of B impurities and vacancies in SiC

Physical Review B, to be published.

SP

1 - Poster presentation of work at, "Conferencia de Dispositivos Electrónicos", Calella, Spain, March 2003

2 - Poster presentation of work in person at, Microtechnologies for the New Millennium, Las Canarias, Spain, May 2003

3 - Poster presentation of work in person at 13th IC on Microscopy of Semiconducting Materials, Cambridge, UK, May 2003

CUT

1 - E. Ziambaras and E. Schröder

Theory for structure and bulk modulus determination,

Physical Review B 68, 064112 (2003)

2 - B. Razaznejad, C. Ruberto, P. Hyldgaard and B. I. Lundqvist

Hard materials prediction of a one-dimensional electron gas,

Surface Science 532-535, 594-599 (2003).

3 - B. Razaznejad, C. Ruberto, P. Hyldgaard and B. I. Lundqvist

Self-organized One-Dimensional Electron Systems on a Low-Symmetry Oxide Surface,

Physical Review Letters 91, 126402 (2003).

4 - H. Rydberg, N. Jacobson, P. Hyldgaard, S. I. Simak, B. I. Lundqvist, and D. C. Langreth

Hard numbers on soft matter,

Surface Science 532-535, 606-610 (2003).

5 - H. Rydberg, M. Dion, N. Jacobson, E. Schröder, P. Hyldgaard, S. I. Simak, 

D. C. Langreth, B. I, Lundqvist

Van der Waals Density Functional of Layered Structures,

Physical Review Letters 91, 126402 (2003).

6 - E. Schröder and P. Hyldgaard

The van der Waals Interactions of Concentric Nanotubes,

Surface Science 532-535, 880-885 (2003).

7 - E. Schröder and P. Hyldgaard

Van der Waals Interactions of Parallel and Concentric Nanotubes,

Materials Science and Engineering C 23, 721 (2003).

8 - J. Repp, G. Meyer, K.-H. Rieder, P. Hyldgaard

Site determination and thermally assisted tunneling in homogeneous nucleation,

Physical Review Letters 91, 206102 (2003).

9 - S. Foelsch, P. Hyldgaard, R.~Koch, and K.~H.~Ploog

Quantum Confinement in monatomic Cu chains on Cu(111)

Physical Review Letters 92, 056803 (2004).

10 - P. Hyldgaard and T. L. Einstein

Surface-State Mediated 3-Adsorbate Interactions: Exact & Numerical results and Simple Asymptotic Expression

Applied Surface Science, 212-213, 856-860 (2003).

11 - P. Hyldgaard and T. L. Einstein

Surface-state mediated three-adsorbate interactions: electronic nature and nanoscale consequences

Surface Science 532-535, 594-599 (2003).

12 - P. Hyldgaard

Control of Molecular excitations in nanotube heterostructure transistors,''

Materials Science and Engineering C23, 243 (2003).

13 - M.Dion, H.Rydberg, E.Schröder, D.C.Langreth and B.I.Lundqvist

Van der Waals Density Functional for General Geometries

Submitted to Physical Review Letters, cond-mat/0402105.

14 - D. C. Langreth, M. Dion, H. Rydberg, E. Schröder, P. Hyldgaard, B. I. Lundqvist

Van der Waals Density Functional Theory with Applications

Submitted to International Journal of Quantum Chemistry.

15 -  P. Hyldgaard

Resonant thermal transport in semiconductor barrier structures

Submitted to Physical Review B.

PAGE  
9

