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1. Introduction 
 
 
One of the main goals of EUROSOI+ is the promotion of exchange of 
knowledge and experience between research groups working on materials, 
devices, circuits and electronic end-user applications. This idea tries to support 
the interaction and scientific exchange between partners through staff mobility, 
staff exchanges, and joint execution of research projects.  
To get this goal the network supports a number of short scientific exchanges. 
It was initially proposed 10 visits per year with duration between one week and 
one month which means 54 weeks in total with a maximum of 1400€/week. 
Funding only covers for travel and subsistence expenses.  
The results of this task during the second year of the EUROSOI+ Network are 
summarized in the next pages. 
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2.- Scientific Visits: Second Semester of 2009 

 
Origin (Person and Affiliation): Isabel Tienda Luna, Assistant Professor UGR, 
Spain 
 
Destination (Responsible and Affiliation): Aldo Di Carlo, 
Opto&Nanoelectronics group (OLAB); Dept. Electronics Engineering, Univ. of 
Rome “Tor Vergata”, Roma, Italy 
 
Start Date: September 1st 2009  End Date: September 30th 2009 
Topic of the Visit: First, study of electronic properties of semiconductor 
nanowires by applying full band approaches such as tight-binding and 
pseudopotentials. Second, use of TiberCAD to study quantum transport in 
nanowires. 

 
 
Origin (Person and Affiliation): Antonio García Loureiro and Raúl Valín 
Ferreiro; Supercomputation Center, Universidad de Santiago de Compostela, 
Spain. 
 
Destination (Responsible and Affiliation): Andrés Godoy Medina; 
Departamento de Electrónica, Universidad de Granada 
 
Start Date: September 6th 2009  End Date: September 17th 2009 
Topic of the Visit: Improve the optimization and parallelization of the Multi 
Subband – Ensemble Monte Carlo (MS-EMC) code. The code was tuned since 
previous work had been already performed in the frame of Spanish projects. 

 
 
Origin (Person and Affiliation): Alexei Nazarov; Institute of Semiconductor 
Physics, National Academy of Sciences of Ukraine, Kyiv, Ukraine 
 
Destination (Responsible and Affiliation): J.P. Colinge; Tyndall National 
Institute, Cork, Ireland 
 
Start Date: November 9th 2009  End Date: December 5th 2009 
Topic of the Visit: Research and analysis of electrical parameters in 
junctionless MOSFETs. 
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3.- Scientific Visits: First Semester of 2010 

 
 
Origin (Person and Affiliation): J.-P. Raskin, Université Catholique de 
Louvain, Belgium. 
 
Destination (Responsible and Affiliation): School of Electrical, Electronic and 
Computer Engineering, Newcastle University, UK. 
 
Start Date: February 1st 2010  End Date: February 28th 2010 
Topic of the Visit: Electromechanical analysis of Si nanowires. Measurements 
of electrical analog performance as well as the piezoresistance effects of the 
GAA Si NWs built at Tyndall National Institute. 

 
 
Origin (Person and Affiliation): David Jiménez Jiménez, Universidad 
Autónoma de Barcelona (UAB) 
Destination (Responsible and Affiliation): Andrés Godoy Medina; UGR, 
Granada. 
 
Start Date: March 2nd 2010  End Date: March 27th 2010 
Topic of the Visit: Develop a current-voltage model of a ferroelectric gated 
transistor based on SOI technology. Study and simulate the surface potential 
amplification effect produced by ferroelectric materials. 
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4.- Activity Report 
 
Member: Isabel Tienda Luna (UGR) 
Destination: Opto&Nanoelectronics group (OLAB); Dept. 
Electronics Engineering, Univ. of Rome “Tor Vergata”, Roma, Italy 
Date: 1/09/2009 – 30/09/2009 
 
 
Description of the work: 
 
 
TiberCAD is a sophisticated multiscale simulator developed by the research 
group of Professor Di carlo at the University of Rome. It accounts, on equal 
footing, the atomistic details of the nanostructured active region as well as the 
macroscopic details of the whole device (contacts, strain, potential etc.). 
Several features are considered in this tool like 3D drift-diffusion for electron, 
holes and excitons, strain, piexo and pyro polarization and tight-binding models 
(empirical and DFT) for the atomistic description. 
The first and second week were dedicated to: 
1.- Set and design the specific simulations regarding to electronic structure.  
2.- Study the specific algorithms used by TiberCAD.  
3.- Compare the results with those of the UGR simulation tool. 
 
After this introductory work the next two weeks were focused on: 
1.- Set and design the specific simulations regarding to quantum transport. 
2.- Study the specific algorithms used by TiberCAD to perform the transport 
simulation. 
3.- Analyze and compare the results with those of the UGR simulation tool. 
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Member: Antonio García Loureiro and Raúl Valín Ferreiro; 
Universidad de Santiago de Compostela. 
Destination: UGR 
Date: 6/09/2009 – 17/09/2009 
 
 
Description of the work: 
 
During this visit, we continued the work on the parallelization of the Ensemble 
Monte Carlo Multi Subband simulator (EMC-MS). The first part of the code to be 
parallelized has been the 1D Schrödinger equation. Thanks to the independent 
solution for each considered slice, the application of parallel techniques is 
straightforward. There were also applied profiling techniques to characterize the 
computational effort corresponding to each routine. We identified then, the 
suitable routines for parallelization and the fraction of the computational effort 
that can be speeded-up by using OPENMP. Specifically we focused on those 
routines dedicated to injection of carries through the contacts in order to 
preserve neutrality. Its performance is extremely important in order to not 
introduce unrealistic phenomena as it has happened in previous situations. 
Then we followed with the parallelization of the routines devoted to the 
scattering table calculation. Finally, the code was also tested in different 
supercomputing facilities including the Supercomputer Center at UGR and the 
Finis-Terrae in USC with 2500 64-bit CPUs and 19000 Gbytes RAM memory. 
After all these efforts, more than 95% of the code was parallel. 
 
 

  
 
The left figure shows the scheme employed in the parallelization of a DGSOI 
transistors where the 2D Poisson + 1D Shrödinger + Ensemble Monte Carlo are 
self-consistently solved. The right picture shows the facilities of the 
supercomputation center at the University of Santiago de Compostela employed 
during this visit. 
 



EUROSOI+- FP7-216373 8 of 11 28/02/2010 
                                           

 

Member: Prof. Alexei Nazarov; Institute of Semiconductor Physics, 
Kyiv, Ukraine 
Destination: J.P. Colinge; Tyndall National Institute, Cork. 
Date: 09/11/2009 – 05/12/2009 
 
 
Description of the work: 
 
 
The goal of the visit consisted in carrying out measurements and analysis of 
nanowire junctionless MOSFETs fabricated on SOI wafers and their comparison 
with ultrathin body IM and AM SOI MOSFETs. During the visit the following 
investigations were performed:  

• Substrate bias effect on ac and dc conductivity of the channel with 
extraction of source-drain parasitic resistance. 

• Effect of back-gate voltage on floating body phenomena in the devices 
with ultra-thin body 

• Effect of back-gate voltage on telegraph noise in nanowire SOI 
MOSFETs. 

• Dependence of AC SD conductivity with the channel width, doping 
density. 

• Comparison of the above extracted parameters with different kind of SOI 
MOSFETs. 

 
 
 



EUROSOI+- FP7-216373 9 of 11 28/02/2010 
                                           

 

Member: J.-P. Raskin, UCL, Belgium. 
Destination: Newcastle University, UK. 
Date: 01/02/2010 – 28/02/2010 
 
 
Description of the work: 
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Member: David Jiménez Jiménez, UAB. 
Destination: UGR 
Date: 02/03/2010 – 27/03/2010 
 
 
Description of the work: 
 
One of the most important problems identified by the microelectronics industry 
is the increasing of the power density that involves the integration of a growing 
number of transistors per unit area. The main reason is due to the difficulty of 
reducing the subthreshold slope (S) of the transistor, whose apparent limit (due 
to thermodynamic considerations) is 60mV/decade. However, it seems possible 
to break this apparent limit and obtain S <60mV/decade by replacing the gate 
dielectric material with a ferroelectric material. This kind of material presents a 
region of negative capacitance that, according to theoretical considerations, 
would increase the control exercised by the gate over the channel of the 
transistor, via surface potential amplification. The relevant novelty of the 
proposal is that adopting such a structure does not imply a change in the 
principle of operation of the transistor and is potentially compatible with SOI 
technology. It is worth mentioning that such amplification effect has not yet been 
observed. Importantly, an accurate evaluation of the impact of surface potential 
amplification on the transistor figures-of-merit is needed, such as subthreshold 
swing and on/off current ratio. We propose to fill this gap, developing a current-
voltage model of a ferroelectric gated transistor based on SOI technology 
(see Figure). 
 

 
Scheme of the proposed ferroelectric gated transistor based on SOI technology 

 
 
At the time being we are experimentally exploring the surface potential 
amplification effect on metal-ferroelectric-insulator-semiconductor structures in 
the framework of an EXPLORA project, funded by the Spanish Government. 
Details of the project development can be found in the paper presented during 
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the EUROSOI-2010 conference, entitled “Steep subthreshold slope transistors 
using ferroelectric insulators”. 
 
Procedure followed during the visit 
The simplified procedure used to develop the I-V model consists of the following 
steps:  

1. Solve the 2D Poisson equation for the metal-ferroelectric-insulator-
semiconductor geometry coupled to source and drain electrodes. 
Importantly, as a key ingredient, we have to consider the Landau-
Khalatnikov equation governing the behavior of the ferroelectric 
insulator. 

2. The quasi-Fermi level and charges found in the previous step should 
allow to solve the current continuity equation. 

3. Evaluation of the subthreshold current, ON and OFF currents for 
arbitrary device dimensions, Landau coefficients characterizing the 
ferroelectric material, doping, and polarization. 

 
 


