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Questions 

1) What is NEEDS all about? 
 

2) Where do things stand? 
 

3) Where are we heading? 

The presentations and posters available here provide 
specifics on some of the work underway. 
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21st Century Electronics 

• Even more pervasive 
 

• More differentiated 
 

• Driven by wider range of applications 
 

• Enabled by a wider range of materials 
and devices 
 

• Accomplished by a new kind of 
engineer/applied scientist 
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Re-booting the IT Revolution 
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More than IT… 

Lu (Purdue CE) 

health 

Civil infrastructure Energy systems 

Human congnition 
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Experimental, theoretical, and 
computational nanoscience 

Model-driven understanding 
and exploration 

Compact modeling 
and simulation 

Systems and 
applications “NEEDS should be 

developed with the intent 
to…promote the integration 
of nanodevices in circuits 
and products.” 

“…the NSF anticipates that 
the majority of the … 
contribution will be at the 
fundamental level ….” 

Compact models: Deep physics / SPICE compatible 
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Deeply-physical compact models 

Compact  
physics model 

Experiments Publish and 
disseminate to 
the broader 
community 

PDE simulation 

First principles simulation 

Characterization 

atomistic simulation 

Compact 
circuit model 
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Physics of nanotransistors 
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Variable devices  system performance 
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R. Chavali et al., “End-to-end modeling of Heterojunction cells,” JPV, 2016 (Accepted) 

Compact model: a communication tool among collaborators from NREL, EPFL, MIT 
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Cell-to-cell variation reduces system performance 
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Variable devices  system design 

Subhasish Mitra and Philip Wong 
Stanford 
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Spin-Circuit Approach 

Graphene  
Spin-Valve 
(Zhihong Chen) 

Traveling Salesman  
Problem (TSP) 
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Electrical assessment of cell viability 

Ebrahimi and Alam, to appear in PNAS, 2016 



13 

Deeply-physical compact models 

Compact  
physics model 

Experiments Publish and 
disseminate to 
the broader 
community 

PDE simulation 

First principles simulation 

Characterization 

atomistic simulation 

Compact 
circuit 
model 
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Research-driven infrastructure development 

Goal 1)  Develop physics-based compact circuit models  
 
Goal 2)  Create tools and processes for developing and 

deploying compact circuit models. 
 
Goal 3)  Produce open educational resources that 

support 1) and 2). 
 
Goal 4) Create an online resource that helps connect 

fundamental research to circuits and 
applications. 
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Tools for Compact models: MAPP 

Modspec Model 
(Matlab) 

MAPP 
DC/AC/TRAN 

(Matlab) 

Verilog-A 

Led by Jaijeet Roychowdhury, U.C. Berkeley 

Model and Analysis Prototyping Platform 

     SPICE 
 
Open-source 
       Xyce 
 
Commercial 

VAPP 
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Role of MAPP 

1) Facilitates the development of compact circuit models by 
people who are not “compact modelers”. 
 

2) Promotes use of circuit simulation beyond traditional EE.  
 

3) Proving to be useful for simulation experts too. 

MAPP 
electrical optical 

thermal 

bio-chemical spintronic 
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Tools for Compact models: VAlint 

C. C. McAndrew, G. J. Coram, K. K. Gullapalli, J. R. Jones, L. W. Nagel, A. S. 
Roy, J. Roychowdhury, A. J. Scholten, G. D. J. Smit, X. Wang, and S. Yoshitomi, 
“Best Practices for Compact Modeling in Verilog-A,” IEEE J. Electron Devices, 3, 
pp. 383-396, 2015. 
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“A key outcome of this effort is fostering a community of 
not only users, but also module developers (whose) 
modules can be integrated into NEEDS, regardless of 
the initial source of funding.” 

Tools for Compact models: Publishing tool 

Digital Object Identifier / Web of Science 
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Compact models 

Nanotransistors 

Passive Components 

Spintronic/Magnetic 

MEMS/NEMS 

Photonics 

Bio and  
Environmental Sensors 

Energy Generation 

Memory 

… 

35 models 

10607 downloads 

Open license 

Standard package 

Self-publishing 

Open & free 

GaN FETs 
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21st Century EE’s 

Society’s grand challenges 
• Deep understanding of 

nanoscience and technology. 
 

• Deep understanding of EE. 
    
• Broad (not shallow) 

understanding of related 
fields. 
 

• Able to quickly learn, adapt, 
and contribute. 
 

• Understanding of technology 
from end to end. technology maetros 
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nanoHUB-U / edX 

“The proposed efforts should include developing 
educational materials that link nanoelectronics 
and nanotechnology, in general, to applications.” 

21 
courses 

~51000 
learners 

1000 
universities 

166 
companies 

146 
countries 
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Fundamentals of Nanoelectronics 

Supriyo Datta 

Broadly accessible without a long string of pre-reqs 
 
New insights and approach from nanoscience 
 
Short, but deep starting points – not survey courses 
 
New approaches – not widely-available 

edX first 
then nanoHUB-U 
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Models Tools Science 
 
Systems 

Education Training 
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needs.nanoHUB.org 

Models, tools, and educational resources that accelerate 
research and give it greater impact. 

35 CM’s, 
>10,000 
downloads 

> 25,000 users of 
NEEDS seminars, 
and tutorials 

11 simulation tools 
and > 60,000 
simulations 

> 50,000 students 
in nanoHUB-U / 
edX courses 
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21st Century Electronics 

• Even more pervasive 
 

• More differentiated 
 

• Driven by wider range of applications 
 

• Enabled by a wider range of materials 
and devices 
 

• Accomplished by a new kind of 
engineer/applied scientist 
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Basic research to applications 

Definition of Basic Research 
 
• The systematic study directed toward greater 
knowledge or understanding of the fundamental aspects of 
phenomena and of observable facts without specific 
applications towards processes or products in mind.  
  
 …. It is farsighted high payoff research that provide 
the basis for technological progress. 

(From “DOD Basic Research 101”) 
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Applications to basic research 

1997, Brookings Institution Press 

“Use-inspired basic research” 

Solves important problems 
and advances basic research. 

Bell Labs had both types of 
research. 
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End-to-end projects 

Fundamental 
nanoscience 

Fundamental 
nanoscience 

Application-driven 
end-to-end projects 

 
• Solve important challenges 

with new science. 
 

• Advance science in the 
process. 
 

• Ambitious, but achievable 
by a small team in a few 
years. 
 

• Vertically integrated teams. 
 

• Broad set of technologies 
that share a common 
general approach and tools. 

CM 

Fundamental 
nanoscience 
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A “Bell Labs for the 21st Century” 

Fundamental 
nanoscience 

Fundamental 
nanoscience 

Fundamental 
nanoscience 

Fundamental 
nanoscience 

“unfettered research” 

Fundamental 
nanoscience 

Fundamental 
nanoscience 

Problem-driven end-
to-end projects 

Application-driven 
end-to-end 

projects 
Problem-driven end-

to-end projects 

Application-driven 
end-to-end projects 

Tools, expertize, dissemination,  
education, commercialization, … 
leadership, support, synergy 
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Summary 

1) What is NEEDS all about? 
 

2) Where do things stand? 
 

3) Where are we heading? 

See the presentations and posters for specific information 
about some of the project underway in NEEDS. 

Questions:  lundstro at  purdue.edu 
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