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NEEDS 

Goal: 
To advance the science of nanodevices 
and  enable new applications. 

Focus:  
1) Physics-based compact models for 

emerging devices. 

2)  Infrastructure to support the NEEDS 
team and the broader community. 
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Electronics is in transition 

“The Future We Deserve”, IEEE Spectrum, Jan. 2015. 

•  We Will End Disability by Becoming Cyborgs 
•  Robots Will Pave the Way to Mars 
•  Make Your Own World With Programmable 

Matter 
•  Digital Actors Go Beyond the Uncanny Valley 
•  The Rise of the Personal Power Plant 
•  Wearable Computers Will Transform 

Language 
•  Driverless Cars: Optional by 2024, Mandatory 

by 2044 
•  So, Where Are My Robot Servants? 
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systems and applications 

1) Physics-based 
analytical or Matlab 
model 

2)  Experiments and 
rigorous simulations 

Publish and 
disseminate to 
the broader 
community 

nanoscience of materials and devices 

3) SPICE-compatible 
“simulation ready” 
compact models 
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NEEDS device science: spintronics 
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Supriyo Datta and Kerem Camsari, Purdue 

Elemental Modules 



6 

NEEDS device science: RF GaN FETS 

Dimitri Antoniadis and Ujwal Radhakrishna , MIT 

Device Technology Circuit Design 
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NEEDS device science: Integrated nanosystems 

H.S.P. Wong and S. Mitra 

(ICCAD 2015 Workshop on Variability 
Modeling and Characterization) 
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NEEDS device science:  implantable optogenetics 
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Specific Infrastructure Goals 

1)  Develop a suite of open-source, physics-based 
compact models for emerging nanodevices. 

2)  Create tools and processes for developing compact 
models. 

3)  Produce educational resources to support 1) and 2). 
 
4)  Leverage nanoHUB.org to engage a broad community 

of device researchers and designers. 



10 needs.nanohub.org 
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1) physics-based compact models 
Virtual source transistor models for: 
  Si 
  Graphene 
  GaN – RF and high-voltage 
  CNTFETs 
  etc. 

biosensor models for: 
  FET-based sensing 
  impedimetric sensing 
  mechanical sensing 

MEMS resonators: 
  released 
  unreleased 

Optical devices: 
  VCSELs 
  Si-based modulators 

Energy devices: 
  solar cells 
  thermoelectric devices 

Memory devices: 
  RRAM 
  CBRAM 
  phase change 

Spintronic devices 
  TMJ, etc. 

Novel transistors: 
  2D TMD 
  FeFETs 
  TFETs 
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publish your model with NEEDS 

digital object identifiers (DOI’s) 
Thompson-Reuters Web-of-Science 
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Goal 2:  tools for developing compact models 

MAPP 

Modspec Model 
(Matlab) 

MAPP 
DC/AC/TRAN 

(Matlab) 

Verilog-A 
     SPICE 
 
Open-source 
       Xyce 
 
Commercial 

Led by Jaijeet Roychowdhury, U.C. Berkeley 

Model and Analysis Prototyping Platform 

First public release:  Dec. 2014 
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VAlint (Xufeng Wang, Coram, and McAndrew) 

a	  lint	  for	  Verilog-‐A	  code	  
•  Based	  on	  ADMS	  	  
•  Checks	  for	  “bad	  prac6ce”	  
• 	  “Pre9y	  prints”	  Verilog-‐A	  codes.	  
•  Public	  beta	  release:	  10/29/15	  



15 

PUQ:  Open source tools for UQ 

http://c-primed.github.io/puq/ 
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Automatic UQ in nanoHUB.org 

Inputs can be specified 
as single values or 
distributions 
 

Run multiple 
simulations to 
propagate 
uncertainties 

Probabilistic outputs 

PDFs 

Sensitivity Surrogate 
models 
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education for 21st Century Electronics 

“SEEC” 1960’s 

Richard Adler, MIT 

web.mit.edu/klund/www/books/seec.html 

http://nanohub.org/u 

nanohub.org/wiki/LessonsfromNanoscience 
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nanoHUB.org/u 

9 self-paced courses 
5845 students enrolled 
144,684 YouTube views 
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nanoHUB-U and edX Experiment 

nanohub.org/u 

“I may start a new career as a 
result of this course.” 

“This course challenged me to 
think deeply about things I had 
never been exposed to before.” 

Fundamentals of 
Nanoelectronics:  

5447 students 
20 USA 
22% India 
129 countries 
Ave. age. 26 



20 

edX.org 



21 needs.nanohub.org 

needs.nanoHUB.org 
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needs.nanohub.org 
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NEEDS 

needs.nanohub.org 

R and D  accelerated by tools, cyberinfrastructure, education 

Driven by problems and applications 


