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Objectives

• To facilitate access to the modeling and simulation 
capabilities and expertise

• To identify the strategic areas for growth 
• To promote and facilitate the development of the new 

capabilities. 
An inventory of available modeling and simulation resources and 
expertise has been complied and is posted on nanoHub.org. 

8 supercomputers or major computing clusters are available in 
various sites. 

https://www.nnci.net/computation-resources
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Computation @ NCI-SW (Porf. Dragica Vasileska)

• Research efforts:
– Low-power Silicon FinFET’s:  Ballistic effects, Multi-Gate Granularity 

(MGG) and Hot-Carrier Degradation (HCD)
– High-power GaN MISFETs: Low-Field Mobility Characterization

• Educational Activities:
– Development of a Short Course on Device and Process Modeling using 

TCAD Tools. 
• The short-course will have the format as the ones deployed on nanoHUB – U.

– Deployment of simulation software and educational material on 
nanoHUB.org
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Device Simulation – Silicon FinFETs

Evaluating MGG impact on the carriers’ interaction with Si-SiO2
interface through the evaluation of the KDE for the electrons 
that have energy above (a) 0.25 eV and (b) 1.25 eV, on 
percolation paths (c), and on a charged trap impact on the drain 
current according to its location in the Si-SiO2 interface (d). In 
all cases, the left and right figures depict the two side channels 
of the FinFET device.

Ballistic Transport

Metal Gate Granularity

Gabriela F. Furtado, Vinícius V. A. Camargo, Dragica Vasileska, and Gilson I. Wirth,
“Evaluating the Ballistic Transport in nFinFETs: A Carrier Centric Perspective”, IEEE
Transactions on Nanotechnology.

Hot Carrier Degradation
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Device Simulation – GaN MISFETs

• High electron mobility and saturation drift velocity compared 
to SiC  RF device applications. 

• Wide bandgap and a high breakdown field lead to high 
reverse blocking capability  power device applications.

GaN MISFET for RF applications
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1. Naveen Kumar, Pranay Baikadi, Dragica Vasileska, Michael Povolotskyi, in Proceedings of IWCN 2021,
2. ISBN: 978-89-89453-30-7, p. 103-104.
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Education:  Device and Process Simulation Course

Self-Paced Short Course (5 weeks – equivalent to 1 credit hour)

Lectures
Quizzes

• Band-Structure Calculation Lab
• 1D DD Solver for pn-Diodes
• Silvaco TCAD:

• MOSFETs Modeling: Scaling and Ballistic 
Effects

• SOI Devices: Self-Heating Effects
• Quantum Corrections to Semi-Classical 

Approaches – BQP
• GaN HEMTs and Polarization Charges
• Multi-Junction Solar Cells and BBT
• Victory Process Modeling

Similar structure like nanoHUB-U courses

Projects:
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2D Materials Database on MNIC Website 

http://apps.minic.umn.edu/2D/search.php

Includes more than 45 2D materials.
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2D Heterostructures @TNF (Prof. Frank Register)

• Vertical stacked 
– van der Waals interaction
– no dangling bonds  reduced interface traps

• Optoelectronics 
– improved scalability, 
– controllability, 
– tunability, 
– flexibility

• Band tuning 
– strain Engineering
– layer Engineering
– electric Field
– material Engineering A more rigorous approach to addressing 

band alignments in 2D material heterostructures 
and a larger design space—addition of applied 
strain and electric fields.
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Altering Band Alignment in BP/TMD Heterostructures
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Modeling @ GT(Ferroelectrics, Antiferromagnets, 
Multiferroics, Magnets & their Heterojunctions) 

Metal
BFO
Free FM
MgO
Fixed FM

Physics-Based Circuit Models for Phase-Field FE 
Simulations 

Magnetization Dynamics of a Single-
Domain BiFeO3 Nanoisland

Nano Letters, 2020IEEE-Trans. Electron Devices, 2020

IEEE-Trans. Magnetism, 2020 IEEE-JXCDC, 2020

Magnetoelectric MRAM Spin Orbit Torque MRAM

IEDM 2020

Dynamic Response of BFO/CoFe
Heterostructure

Funded by Intel Co. and SRC
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SPICE Subcircuits for FE Simulations on nanoHUB

Physics-Based Circuit 
Models for Phase-Field FE 
Simulations 

To appear in Nano Letters

IEEE-Trans. Electron Devices, 2020
https://nanohub.org/resources/35041
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Band Engineering in 2D Heterostructures

https://www.youtube.com/watch?v=GXOzi5J01eU
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Band Engineering in 2D Heterostructures

https://www.youtube.com/watch?v=9dqwETsA0x0
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Upcoming NNCI Computation Webinar

https://www.youtube.com/watch?v=9dqwETsA0x0
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