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Modeling and simulation can enhance nanoscale fabrication and
characterization:

e guide experimental research

e drastically reduce the required number of trial and error
iterations

e enable more in depth interpretation of the characterization
results

* help quantify the true potential value of the fabricated devices
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e Abundance of resources and expertise at various sites
even though few sites proposed any activities.

* Diverse funding sources for development and maintenance
of these resources (inadequate in many cases).

* Ad hoc access and documentation.
e Many gaps and deficiencies.

e Duplicate efforts happen.

QI\II\I: National Nanotechnology
|

Coordinated Infrastructure




Objectives:

* To facilitate access to the modeling and simulation capabilities and
expertise within NNCI sites.

e To identify the strategic areas for growth in modeling and simulation

e To promote and facilitate the development of the new capabilities.

An inventory of available modeling and simulation resources and expertise is
being complied. The directory is hosted by nanoHub.org.

So far, 10 sites have reported collectively more than 65 commercial
simulation tools and 40 internally developed simulation tools available for
internal and/or external users (with and without fee).

8 supercomputers or major computing clusters are available in various sites.
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nanohub.org/tools/spintransport/
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* Obtain electron-spin transport
physics-based simulation results
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nanohub.org/tools/spincircuit/
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* Use developed compact circuit model

for spintronic transport

ends interconnect

Result: | cell .shckt

*Fingle Cell Subcircuit
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¢ Obtain SPICE subcircuit netlist

describing spin&electron transport in

channel



/LLG Solver Subcircuit Models \

* Macromagnetic Solver .subckt
* |D Micromagnetic Solver .subckt
* 2D Micromagnetic Solver .subckt

k 3D Micromagnetic Solver .subckt

Interface Conduction Subcircuit Models

* Ferro — Nonmagnetic Metallic Interface

N
€

* Electron Transport

hannel Spintronic Transport Subcircuit Models

e Spin Transport

* Spintronic (both electron&spin) Transport

J

* Various modules to model and simulate

various spintronic devices/circuits in

SPICE.

\

Macro LLG Solver
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Users of Simulation Tools Authored by Dragica Vasileska (29,643 Users)
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8 supercomputers or major computing clusters are available in
various sites.

All serve internal uses only with the exception of the UT-Austin
computing cluster.

Example :
Partnership for an Advanced Computing Environment (PACE).”
at GT

More than 50,000 cores and more than 8 Petabytes of storage
used by approximately 3000 faculty and graduate students.

PACE is funded through a mix of central and faculty funding.

External users need to fund or collaborate with internal users.
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Two International Collaborations with

. Device setu
Prof. Vasileska P

Katerina Raleva — UKIM, Macedonia:
Multiscale modeling of self-heating effects
in heater — sensor combination of

MOSFETs

Gilson Wirth/Alan Rossetto — UFRGS,

Brazil:
Modeling of NBTI in p-channel MOSFETSs
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Electro-
Thermal Solver

MATLAB

:.‘_ ! Joule heating

Lattice temperature

Gummel Loop
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e Can greatly help users and staff and cut cost.

* Enable in depth analysis and variability studies
e Fabrication complexity is growing and user experience is decreasing.

* Not widely used by users.

e Plan to hold hands-on workshops to promote “Simulate before
Fabricate”

e Possible option:

e Sentaurus TCAD: Fabrication steps: oxidation, diffusion,
implantation, etc., Deposition Steps: PVD, CVD, PECVD, etc.,
Etching processes: Wet etch, RIE, CMP etc.
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