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The era of 
Accelerated Technology Innovation 
• Differentiated technology will 

become a competitive 
advantage. 
 

• Technology innovations will be 
driven by the pressing needs of 
society 
 

• Technology innovation will 
become more diverse and less 
predictable. 

Dennis Buss, “Microelectronics Industry in Transition,” 
http://nanohub.org/resources/19576 
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21st Century Faculty 
October 6, 2016 
Tenure-track position at Harvard University 
Tenure-track Position in Electrical Engineering 

The Harvard John A. Paulson School of Engineering and 
Applied Sciences (SEAS) seeks applicants for a position at 
the tenure-track level in Electrical Engineering. ...  
 
We are particularly interested in candidates with 
sufficient breadth to be able to work across multiple 
levels along the continuum of EE topics: materials, 
devices, circuits, systems, algorithms and theory. 
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21st Century Electronics 

Today electronics is in transition to a new era: 

-Informed by a wider range of science 
-Driven by a broader set of challenges 
-Important to more and more companies 

NEEDS has been about setting the stage for this 
exciting new era. 
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NEEDS: 5, 4, 3, 2, 1 

Experimental, theoretical, and 
computational nanoscience 

Model-driven understanding 
and exploration 

Compact modeling 
and simulation 

Compact models: Deep physics / SPICE compatible 

Systems and 
applications 

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

“NEEDS should be 
developed with the intent 
to…promote the integration 
of nanodevices in circuits 
and products.” 
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System-driven Research 

• Stochastic nanomagnets as building blocks for brain-like systems 
• (Datta-Purdue) 
• Simulation of circuit-level accommodation of noise in biosensors 
• (Alam-Purdue) 
• Forward and inverse design of PV systems including variability and 

reliability 
• (Alam-Purdue) 
• Robust optimization of silicon optical system using compact models 

and UQ (Daniel-MIT) 
• Pattern recognition in big data images with monolithic oscillators in 

CMOS (Daniel-MIT) 
• Model-driven approach to science to systems research for CNT 

computers (Wong/Mitra-Stanford) 
• Design and fabrication of graphene dot product nanofunctions (Pop-

Stanford) 
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NEEDS Infrastructure 

Goal 1)  Compact models  
 
Goal 2)  Tools and processes 
 
Goal 3)  Educational resources for a new era 
 
Goal 4) Build an online resource / engage a community 

Guided by a 5-year plan with 99 specific deliverables. 

Solving important problems and 
advancing the science of electronics.  
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Tools 

Modspec Model 
(Matlab) 

MAPP 
DC/AC/TRAN 

(Matlab) 

Verilog-A 

Led by Jaijeet Roychowdhury, U.C. Berkeley 

Model and Analysis Prototyping Platform 

VAPP VALint 

     SPICE 
 
Open-source 
       Xyce 
 
Commercial 
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44 models 

20,000+ downloads 

Open source license 

Standard release 

package 

self-publishing 

expert curation 

Compact Circuit Models 

Transistors (logic, RF, power) 

Passives 

Spintronic/Magnetic 

MEMS/NEMS 

Optics / Photonics / OE 

Sensors (bio, environ) 

Energy Generation 

Memory and memristors 

… 

Forward looking – with connections to industry  
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NEEDS Education 

“a forum for new 
approaches to 
evolve into the 
textbooks of 
tomorrow ” 

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

27 courses 
75,000 

learners 
1100 

universities 
167 

companies 
151 

countries 

www.nanoHUB.org/u 

 
Lessons from 
Nanoscience 
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Education for a new era 
grand challenges in 

technology 

“technology maestros” 

May 9, 2017 
Forum on Graduate Education 

 
 

https://nanohub.org/groups/needs/ 
grad_ed_forum_2017 

 



12 

Models Tools Science 
 
Systems 

Education Training 

 
New compact model: the Berkeley 
memristor  model 
New tool: MAPP 2.0 
New seminar:  “Probablistic computing with 
nanomagnets, S. Datta 
New course: Biological design principals 
 
More...  
 needs.nanoHUB.org 

About NEEDS 
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Tools and 
Models 

C, Unix, troff 
Padre, 
PROPHET, etc. 

“Unfettered 
research” 
(Mervin Kelly) 

Problem-
driven 

research 

Education 
“Transistor 
Teachers 

Workshops” 

Expertise 
continuity 

Culture 

“Enduring 
knowledge” 

Strong 
connection to 
manufacturing 

Bell Labs 
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A platform to support 21st Century 
Electronics 

Tools and 
Models 

MAPP, VAPP, VALint 
>40  

Compact 
models 

Unfettered 
research 

materials, devices, 
circuits, systems Problem-

driven 
research 

Education 
nanoHUB-U 

Lessons from 
Nanoscience 

Expertise 
Theory, modeling, 

simulation 

Connections to 
industry 

“Enduring 
knowledge” 

continuity 

Culture 



15 

About today’s program 

Eric Pop 
Stanford University 
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