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Declaration by the scientific representative of the project coordinator  
 
 
I, as scientific representative of the coordinator of this project and in line with the obligations 
as stated in Article II.2.3 of the Grant Agreement declare that: 
 
 The attached periodic report represents an accurate description of the work carried out in 

this project for this reporting period; 

 The project (tick as appropriate) 3

□ has fully achieved its objectives and technical goals for the period;  

: 

 has achieved most of its objectives and technical goals for the period with 
relatively minor deviations. 

□ has failed to achieve critical objectives and/or is not at all on schedule. 
 
 The public website, if applicable 

 is up to date 
 

□ is not up to date 

 To my best knowledge, the financial statements which are being submitted as part of this 
report are in line with the actual work carried out and are consistent with the report on 
the resources used for the project (section 3.4) and if applicable with the certificate on 
financial statement. 

 All beneficiaries, in particular non-profit public bodies, secondary and higher education 
establishments, research organisations and SMEs, have declared to have verified their 
legal status. Any changes have been reported under section 3.2.3 (Project Management) 
in accordance with Article II.3.f of the Grant Agreement. 

 
 

 
Name of scientific representative of the Coordinator: Dr. Isabelle Ferain 
 
Date: 15/03/2012 
 
For most of the projects, the signature of this declaration could be done directly via the IT reporting 
tool through an adapted IT mechanism. 
 

                                                 
3 If either of these boxes below is ticked, the report should reflect these and any remedial actions taken. 
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3.1 Publishable summary 
 
Summary description of project context and objectives  

 
 SQWIRE (Silicon Quantum Wire Transistors) aims at demonstrating the competitiveness of two novel 

advanced CMOS devices, the gated resistor (also referred to as ‘junctionless nanowire transistor’ or 
‘pinch-off transistor’) and the variable barrier transistor (VBT).  Both devices are seen as replacement 
candidates for the conventional inversion-mode field effect transistor for beyond the 22nm technology 
nodes, as they have proved to enable further MOSFET scaling.  They do not require the formation of 
ultra-shallow junctions and have the capability to bring the sub-threshold slope below the thermo-
dynamical limit of 60mV/decade (room temperature).  
 

 Both devices have been recently patented by Prof. Jean-Pierre Colinge, the initial coordinator of the 
present project.  Through SQWIRE, the consortium will model, fabricate and characterise gated 
resistors and variable barrier transistors in advanced research environments and state-of-the art 
semiconductor industry-compliant facilities. 
 

 Main objectives of SQWIRE are the following:  
o Elaboration of quantum-mechanical models dedicated to the electronic transport in gated 

resistors and variable barrier transistors, and the integration of such models in a commercial 
and existing 3D simulation tool;  

o Use of the aforementioned simulation tool to predict key electrical properties in gated resistors 
and variable barrier transistors;  

o Development of a dedicated compact model for gated resistors and its validation by 
measurement data and simulations 

o Fabrication and delivery of ultra-thin 300mm silicon-on-insulator substrate (SOI) with high 
uniformity across the wafer (<0.35nm). 

o Fabrication of gated resistors and variable transistors on such high-uniformity SOI wafers, in a 
300mm state-of-the art semiconductor processing facility.  

o Parametric testing of gated-resistors and variable barrier transistors fabricated on high-
uniformity SOI wafers, to assess their variability at wafer level and demonstrate their 
suitability/viability for high-volume manufacturing. 

o Communicate to the semiconductor industry on the competitiveness of the gated resistors and 
variable barrier transistors. 

 
 SQWIRE brings together a range of industrial partners, SME and representatives from the academic 

and research fields.  By involving the participation of major semiconductor companies in the 
consortium, namely INTEL Learning Performance Solutions Ltd and SOITEC, SQWIRE will be in a 
position to deliver industry-aware design specifications to meet the semiconductor industry’s 
requirements in terms of performance and variability.  Academic partners and research institutes 
involved in SQWIRE include: Tyndall National Institute-UCC (Ireland), CEA-LETI (France), IMEP-
Institut Polytechnique de Grenoble (France), IMEC (Belgium) and Universitat Rovira I Virgili (Spain).  
MAGWEL, the only SME within the SQWIRE consortium, brings his expertise in the integration of 
models generated by research-oriented partners into a user-friendly and computational efficient 
simulation tool.  
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Achievements and highlights  
 
This paragraph describes the work performed since the beginning of the project and summarises key results 
delivered so far by the members of the consortium. 

 
 A batch of wafers with junctionless nanowire transistors has been produced by CEA-LETI and 

samples have been delivered to various SQWIRE partners for statistical analysis (INTEL) and physical 
studies (TNI-UCC, IMEP). The devices have exceptionally good short-channel characteristics. The 
Drain-induced barrier lowering (DIBL) is only 24 mV/V in junctionless transistors with a gate length of 
20 nm, versus 45 mV/V in tri-gate inversion-mode transistors with same dimensions. This is attributed 
to the excellent electrostatic control of the channel by the gate because of both the tri-gate 
architecture and the lack of gate to source or drain) overlap. While the turn-off of the device is 
excellent (leakage current below instrument measurement capability limit and sub-threshold slope 
close to the theoretical limit of 60 mV/decade), the on current is around 300 uA/um, which is on the 
low side of competing devices using performance boosters such as strained silicon or Silicon-
Germanium alloys. One interesting effect has been observed: carrier mobility increases with mobile 
carrier density (i.e. with gate voltage). This behaviour is opposite to that in standard “inversion-mode” 
devices. This effect is most likely due to screening of Coulomb scattering centres (ionised impurities) 
and is under investigation. Ad-hoc characterization techniques are being developed to adequately 
describe the parameters of junctionless transistors (Publication: Electrical Characterization and 
Revisited Parameter Extraction Methodology in Junctionless Transistors, by D.-Y. Jeon et al., 
Proceedings EUROSOI (2012)).  
 

 The devices were fabricated on SOITEC UTBOX25 wafers. In these wafers the SOI thickness is in the 
range 10-20nm and a buried oxide (BOX) thickness in the range 20-50nm. A total thickness variation 
of 0.4 nm max., i.e. less that the lattice parameter of silicon, is achieved a across 300mm wafers. 
 

 The physics of junctionless transistors being different from that of inversion-mode devices, a compact 
model is being developed to support the design of junctionless-transistors based designs 
(Publications: 2D Analytical Modeling of the Potential within Junctionless DG MOSFETs in the 
Subthreshold Regime, T. Holtij et al. Proceedings EUROSOI (2012); Charge-Based Modeling of 
Junctionless Double-Gate Field-Effect Transistors, J.M. Sallese et al., IEEE Transactions on Electron 
Devices, Vol. 58, pp. 2628 - 2637 (2011)). 

 
 A Jacobi-Davidson eigenvalue solver has been implemented in MAGWEL’s code in order to add a 

Schrödinger solving capability to the initial Poisson solver.  
 
 Information gathered from measurements on the first batch of gated resistor devices is being used to 

improve the fabrication process and the performances of the second batch. 
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Expected final results and their potential impact and use  
 

The final expected result for this first reporting period is a global assessment of the manufacturability of gated 
resistors.  Key deliverables such as: 
 the report on the simulated statistical variability of gated resistors (D1.1); 
 the report on the electrical characteristics of gated resistors fabricated on highly-uniform SOI substrates 

(D3.3);  
 the correlation between the variability of electrical parameters measured on fabricated gated-resistors and 

their structural characterisation by nano-metrology (D.4.3)  
are expected to provide an answer as to whether gated resistors keep their promise and can possibly replace 
aggressively-scaled inversion mode field effect transistors.   
Following the 18-month consortium meeting (28th of March 2012) and the review of the aforementioned 
deliverables and associated results, a decision will be made on how to disseminate the results in the most 
efficient way (high impact conference papers, followed by a press release within the SOI Consortium 
(www.soiconsortium.org) or the newsletter “Advanced Substrate News” (www.advancedsubstratenews.com)). 

 
Address of the project public website 
 
A website has been created, www.sqwire.eu, which is dedicated to the project and its coordination: 

 

 
 

Among the options offered by the website, one can highlight its use as depository of all of SQWIRE’s 
deliverables defined as ‘public’.  
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