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Objective
• The objective of the MODERN project is to develop new

paradigms in integrated circuit design which will enable the 
manufacturing of reliable, low cost, low EMI, high-yield
complex products using unreliable and variable devices.

• Specifically, the main goals of the project are: 
1. Advanced, yet accurate, models of process variations for

nanometer devices, circuits andcomplex architectures.

2. Effective methods for evaluating the impact of process variations
on manufacturability, designreliability and circuit performance.

• Reliability, noise, EMC/EMI. 

• Timing, power and yield.

3. Design methods and tools to mitigate or tolerate the effects of
process variations on those quantities applicable at the device, 
circuit and architectural levels.

Validation of the modeling and design methods and tools on a variety
of silicon demonstrators.



Genesi

• 1 call ENIAC 2008

• ENIAC projects: industry driven; Research Institutions 
are to be connected to industrial partners.

• IU.NET connected to european partners; research 
activity organized with NXP, ST-F and LETI

• “clustering” of Italian partners

• European approval

• IU.NET re-oraginzed activity according to the needs of 
Italian industries.

• Mis-matching between European DOW and Italian 
activity
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Partner del progetto
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Costs and funding
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Partners

• MODERN is targeting the transversal Sub-Programme 
SP7: Design Methods and Tools for Nanoelectronics.

• MODERN is a plurality of complementary industrially 
driven projects for Design Methods and Tools for 
Nanoelectronics; it will address most of the areas 
recommended in the ENIAC Annual Work Programme 
2008, and in particular: 
– Device, circuit, and system variability and reliability (WP2 and 

WP3)

– Hardware/software model driven high-level 
synthesis/flow/reuse/design. (WP3 and WP4)

• Indicative resources: 206 person-years over 3 years
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Motivation and background
• Motivation 1: Process Variations 

– To fully account for the effects of process variation, it is essential: (1) To model 
process variations for VLSI systems in an accurate, but still efficient way at 
different levels of abstractions. (2) To devise efficient methodologies to evaluate 
the impact of variation on various figures of merit, such as timing, power and 
yield. (3) To adopt design solutions that are able to keep under control the 
effects of variations on this quantities.

• Motivation 2: Electro Magnetic Compatibility (EMC) 
– by creating circuits that are robust with respect to short-term variations, such as 

those induced by power supply ripple and noise, one may very well reduce the 
effects of EMI, which are due to periodic sharp waveforms. In MODERN, new 
design methodologies, along with architectural solutions based on asynchronous 
and de-synchronization techniques will be defined and developed, in order to 
provide product designers with an effective approach to reduce EMI, while 
satisfying the traditional constraints and mitigating the impact of Process 
Variability, in order to fabricate more reliable and robust electronic systems. 

• Motivation 3: Management of complex systems enabled by 
new technologies
– parallel architectures are an opportunity to work around process variation issues. 

Industries involved in systems development have experience of complex 
architectures at both system equipments and system-on-chip levels. This type of 
experience is applied to applications with either real-time or safety critical 
constraints.
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IU.NET nel progetto (+)
Task T2.2: PV-aware device simulation

Focus in this task is on activities to include variability in device simulation tools. 
TCAD will be used to assess various device architectures in standard CMOS but 
also in other technologies concerning variability, to identify major sources for 
variability on simulation level already; process sensitivities will be investigated. 
New methods will be developed to generate statistical circuit simulation 
parameter through TCAD, with smart approaches (other than brute force). 
Furthermore mixed mode device/circuit simulations will be carried out.

…UNET will put emphasis on the device simulation of memory cells, transistors for 
high- performance logic circuits and for low-power mixed-mode applications: 
At the beginning a methodology will be defined to evaluate the impact of 
process tolerances and intrinsic variability on the dispersion of electrical 
parameters with computationally efficient TCAD. Viable modelling approaches 
to efficiently incorporate new physics phenomena and their fluctuations in 
future devices will be worked out, taking into account the impact of variations 
of the dielectric thickness, channel doping and stress conditions. In addition a 
methodology will be defined to evaluate the impact of PV on a single cell within 
a memory array. Mixed-mode device/circuit simulation methodologies will be 
looked into to analyze the impact of fluctuations on the performance of simple 
digital and analog circuit blocks. 
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IU.NET nel progetto (+)
Task T2.3: Electrical characterization of PV, software (TCAD) / hardware 

comparison & calibration 
Basic effects of PV will be characterized based on hardware in different 
technologies, ranging from mainstream CMOS 45/32nm to new device 
architectures suitable for 22nm CMOS. Other technologies like NVM or SiC, 
GaAn/AlGaN power and RF devices will complement the activities. In addition 
for “non pure digital logic technologies” the devices studied will span over many 
technology generations, so the PV-methodologies will cover a wide spectrum of 
devices. In general major sources for PV will be identified and characterized 
wrt/ further scaling. Variability effects and their sensitivities will be investigated 
from planar bulk device concepts to new architectures on SOI in 2D or 3D. 
Device simulation results will be compared to measurements and will be 
calibrated on hardware data to verify PV methodology and physical 
understanding of major sources of PV in above technologies. It has to be 
emphasized that there is a strong link between some activities in WP2.3 and in 
WP5.1 (silicon demonstration: “test structures for PV analysis”), since test 
structures and their electrical characterization can be considered as an 
important step towards demonstration already.

…UNET will concentrate on experimental methodologies for characterization of PV 
on test structures, single cells or simple arrays and on methodologies for 
evaluation of cell statistics on array performance, for 45 and 32nm planar CMOS 
and for Non Volatile Memory technologies. 
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IU.NET nel progetto (+)
Task T2.4: Correlation between PV and reliability, reliability modeling 

The impact of process variability on existing device reliability degradation models will be 
clarified. Aging measure- ments will be performed on test structures: Device degradation 
mechanisms will be identified based on silicon, their effect on PV parameters will be 
characterized and modeled to allow for a better description of aging during operation.

…UNET will work on methodologies to design reliability experiments that allow characterizing 
the impact of PV on test structures, single cells or simple arrays, on 45nm & 32nm planar 
CMOS, and on Non-Volatile Memories. It will include the development of compact models 
including aging effects. 

Task T2.5: PV-aware compact modelling 
PV and reliability effects have to be implemented in device compact models to be able to 
accurately describe the impact of variability on circuit operation. Implementation 
methodologies will be worked out and adopted in standard compact modeling.

…With further scaling it becomes mandatory to come up with viable analytical modeling 
approaches to efficiently incorporate new physics phenomena and their fluctuations in 
compact models, including quasi ballistic transport (QTB) features and the impact of 
variations of the dielectric thickness, channel doping and stress conditions, and with viable 
compact modeling approaches to reach the best trade-off between accuracy and statistics, 
including variability. UNET will address these aspects involving new physics for 45/32nm 
CMOS and for non-volatile memory technologies.
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IU.NET nel progetto (+)
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IU.NET nel progetto (+)
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IU.NET nel progetto (+)
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IU.NET nel progetto (+)
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IU.NET nel progetto (+)
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IU.NET nel progetto (+)
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IU.NET nel progetto (+)
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IU.NET nel progetto (+)
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IU.NET nel progetto (+)
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IU.NET nel progetto (+)
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IU.NET nel progetto (+)

Important dates:

1 march 2009 – beginning

3 yrs duration

Deliverables:

D2.2.2: due at M12 - done

D2.2.3: due at M18 - done

D2.2.4: due at M24 – to be done

D2.4.1: due at M6 - done

D2.5.1: due at M18 - done

D6.2.3: due at M18 - done
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IU.NET nel progetto (-)
Difficoltà tecniche

problemi legati alla clusterizzazione
difficoltà legate alla gestione dei template devices
partner industriale (numonyx-micron) cambia idea e ri-organizza
pubblicazioni inter-unità e con partner

Difficoltà gestionali
difficoltà legate alla contrattualistica e al finanziamento (asincronia 
progetto/contratto; difficoltà di rendicontazione)
difficoltà di comunicazione interna

Input per progetti futuri
migliore comprensione del ruolo di IU.NET nel progetto
chiarire ruolo di coordinatore
migliorare comunicazione interna
favorire interazione tra le Unità di IU.NET
meccanismi di controllo per le Unità


