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2010 NCN Summer School 
 

Electronics from the Bottom Up 
 

July 12-16, 2010 
Location:  MSEE B012 

Computer Lab:  ENAD 138 
 

Network for Computational Nanotechnology 
Purdue University, West Lafayette, IN 47907 

 
Electronics from the Bottom Up seeks to bring a new perspective to electronic devices  – 
one that is designed to help realize the opportunities that nanotechnology presents.  Ever 
since the birth of solid-state physics, materials have been described in terms of average 
material parameters like the mobility, optical absorption coefficient, etc., which are then 
used as inputs to macroscopic device models. Although still widely used, even for 
modern nanostructured materials, we believe that this two-step approach is no longer 
adequate to address the problems of our day. An integrated approach that embeds new 
ways of thinking, emerging from current research on nanoscience, directly into the 
models used for non-equilibrium problems like nanoscale transistors, energy conversion 
devices and bio-sensors is needed. The objectives of this initiative are to define and 
disseminate the fundamentals of this novel viewpoint through a carefully coordinated 
collection of seminars, short courses and full-semester courses. A growing collection of 
resources for educators and self-learners is already available at 
http://www.nanohub.org/topics/electronics_from_the_bottom_up and at iTunesU (see 
beyond campus – nanoHUB). 
 
Each summer, the Network for Computational Nanotechnology conducts a summer 
school to give students, faculty, and professionals an opportunity to participate in the 
development of Electronics from the Bottom Up.  The 2010 Summer School will feature 
a set of lectures and hands-on exercises by Prof. Supriyo Datta on the topic: 
“Nanoelectronic Devices, with an introduction to spintronics.” This year’s summer 
school will also have an international flavor with tutorials from two members of the 
Jawaharlal Nehru Centre for Advanced Scientific Research (JNCASR) in Bangalore, 
India.  The 2010 Summer School will also include tutorials by Profs. Fisher, Klimeck, 
and Lundstrom of Purdue University. 
 
The number of participants will be limited to 50. Details about tuition, housing, 
applications for financial support, and online registration are currently being finalized. 
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2010 NCN Summer School 
 

Electronics from the Bottom Up 
 

July 12-16, 2010 
 

Network for Computational Nanotechnology 
Purdue University, West Lafayette, IN 47907 

 
 

The 2010 summer school will consist of: 
 
1) Nanoelectronic devices, with an introduction to spintronics 
 

A set of six lectures and three exercise sessions by Prof. Supriyo Datta, Purdue 
University.  Also included is a special lecture by Prof. Mark Lundstrom on 
“Nanotransistors:  A Bottom-up View.” 

 
2) Additional Tutorials on Selected Topics in Nanotechnology 
 

 
Prof. T. Fisher, Purdue University, on “A Bottom-Up View of Heat Transfer in 

Nanomaterials” 
 
Prof. G. Klimeck, Purdue University, on  “Far-From-Equilibrium Quantum 

Transport” 
 
This year’s summer school will also feature tutorials by two researchers from the 
Jawaharlal Nehru Centre for Advanced Scientific Research (JNCASR) in 
Bangalore, India. 
 
Dr. Umesh V Waghmare, JNCASR-Bangalore,  on “First-principles density 
functional theory based methods for material simulation” 
 

Dr. N. S. Vidhyadhiraja, JNCASR-Bangalore on “Electrical fluctuations at the 
nanoscale” 

 
 
More information on each of these components of the summer school is attached. 
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1) Nanoelectronic devices, with an introduction to spintronics 
 
Supriyo Datta, Purdue University 
 
Nanoelectronic devices are at the heart of today's powerful computers and are also of 
great interest for many emerging applications including energy conversion, sensing and 
alternative computing paradigms. Our objective, however, is not to discuss specific 
devices or applications. Rather it is to convey the conceptual framework that has emerged 
over the last twenty years for understanding current flow on an atomic scale. This is 
important not only for the design of novel nanoscale devices, but also for the conceptual 
insights it affords into some of the long-standing questions of transport theory and 
quantum physics. 
 
Part 1: Bottom-up view of nanodevices 
Historically our understanding of current flow has progressed from large resistors to 
molecular conductors and this top-down development is reflected in the standard 
approach. Here we describe an alternative bottom-up approach that is not only 
pedagogically effective but also provides a unique perspective that even seasoned 
researchers may find useful: 
 

Lecture 1a:  Atom to transistor: A semiclassical view (S. Datta) 
Lecture 1b:  Nanotransistors:  A Bottom-up view (M.S. Lundstrom) 
Lecture 2:  Quantum of conductance: Resistance and uncertainty (S. Datta) 
Exercise Session 1 (S. Datta) 

 
Part II: Nanoscale energy conversion 
Converting heat into electricity is an important practical problem and its relation to the 
second law of thermodynamics is of fundamental significance. The bottom-up approach 
provides a clear perspective on both: 
 

Lecture 3:  Thermoelectricity: Energy from heat (S. Datta) 
Lecture 4:  Maxwell's demon: Energy from information (S. Datta) 
Exercise Session 2 (S. Datta) 

 
Part III: “Spin Transistors” and beyond 
Recent experiments in nanodevices involving the spin of electrons not only raise the 
possibility of new paradigms for information processing but also shed light on the 
subtleties of the quantum world and how it transitions to the everyday macroscopic 
world. 
 

Lecture 5: Electron spin: How to rotate an electron to control the current 
       (S. Datta) 
Lecture 6: From spins to magnets: How quantum objects turn classical 
       (S. Datta) 
Exercise Session 3 (S. Datta) 
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2) Tutorials on Selected Topics in Nanotechnology 

 
Lecture 1b:  Monday, 10:30 AM 
Prof. M. Lundstrom, Purdue University, “Nanotransistors:  A Bottom up 
View” 

 
MOSFET scaling continues to take transistors to smaller and smaller dimensions. Today, 
the MOSFET is a true nanoelectronic device – one of enormous importance for computing, 
data storage, and for communications. In this lecture, I will present a simple, physical 
model for the nanoscale MOSFET using the ideas and approach introduced in Prof. Datta’s 
first lecture. Surprisingly, we will find that the smaller MOSFETs become, the easier they 
are to understand.  The first part of the lecture will develop the model starting from Prof. 
Supriyo Datta’s general model for a nanodevice.  In the second part, we will do the same 
thing using more traditional approaches from semiconductor electronics.  Hopefully this 
approach will help students understand how the “bottom up” and “top down” approaches 
relate.  This lecture will also provide an entry point into a more extensive tutorial on 
nanotransistors that is available online at http://nanohub.org/resources/5306.  
 
 
Tutorial 1:  Tuesday, 1:30 PM 
Dr. N. S. Vidhyadhiraja, JNCASR-Bangalore, “Electrical fluctuations at the 
nanoscale” 
 
This lecture will review the phenomenology and theoretical approaches associated 
with the study of electrical current fluctuations.  The relevance of electronic 
correlations in devices, based e.g on oxides, will be discussed. Differences between 
the bulk and nanoscale in terms of electrical transport physics and the consequent 
special theoretical treatment of fluctuations at the nanoscale will be given special 
emphasis. 
 
 
Tutorial 2:  Wednesday, 1:30 PM 
Prof. Tim Fisher, “A Bottom-Up View of Heat Transfer in Nanomaterials” 
 
This lecture will provide a theoretical development of the transport of thermal 
energy by conduction in nanomaterials. The physical nature of energy transport by 
two carriers—electrons and phonons--will be explored from basic principles using a 
common Landauer framework. Issues including the quantum of thermal 
conductance, ballistic interface resistance, and carrier scattering will be developed. 
Bulk material properties, such as thermal conductivity, will be derived from particle 
transport theories, and the effects of spatial confinement and material interfaces on 
these properties will be established.  
 
Tutorials 3a, 3b, 3c:  Thursday, 8:30 AM, 10:30 AM, 1:30 PM 
Dr. Umesh V Waghmare, JNCASR-Bangalore, “Materials Simulation by first-

principles density functional theory” 
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This three-part lecture will provide an introduction to first-principles density 
functional theory based methods for simulation of materials, with a focus on 
determination of interatomic force constants and vibrational spectra of nano-
structures and extended periodic materials. After an introduction to the formalism, 
the lecture will cover practical issues in quantum simulations of low-dimensional 
periodic structures, including basis sets, Brillouin zone sampling, density mixing 
schemes to self-consistent solutions and spin dependent calculations relevant to 
spintronic materials. Connections of the simulated phonon spectra to elastic 
properties, Raman, Brillouin and IR spectroscopies will be highlighted.  The third 
part of the lecture will provide direction to how the results of these simulations can 
be used in determination of thermodynamic and thermal transport properties of 
nano-materials. 
 
In a hands-on, evening session, students will use an open-source DFT-package to 
determine phonon spectra of some interesting nano-system, using parallelism 
inherent in phonon calculations through distribution of jobs among students.  
 
 
 
Tutorials 4a, 4b:  Friday, 8:30 AM, 10:30 AM 
Prof. Gerhard Klimeck, Purdue University  “Far-From-Equilibrium Quantum 
Transport” 
 
At the nanometer scale, the concepts of device and material meet, and a new device 
is a new material and vice versa. While atomistic device representations are novel 
to device physicists, the semiconductor materials modeling community usually 
treats infinitely periodic structures. The importance of the appropriate basis set 
representation that needs to be selected to cover the important physics of 
semiconductor devices will become evident. These two lectures will not focus on 
the underlying theories; they will focus on the application of the theories using the 
nanoelectronic modeling tools NEMO 1- D, NEMO 3-D, and OMEN to realistically 
extended devices. Topics to be covered are realistic resonant tunneling diodes, 
quantum dots, nanowires, and Ultra-Thin-Body Transistors.   
 
Tutorial 4a:  High-bias Quantum Transport in Resonant Tunneling Diodes 
 
Tutorial 4b:  Electronic Structure and Transport in 3D – Quantum Dots, 
Nanowires, Ultra-Thin Body Transistors 
 
Exercise Session 1: Formation of Bandstructure in Finite Superlattices – 
Utilizing http://nanohub.org/tools/pcpbt. 
How does bandstructure occur?  How large does a repeated system have to be?  
How does a finite superlattice compare to an infinite superlattice?   
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2010 Electronics from the Bottom Up Summer School 
July 12-16, 2010 

Location:  MSEE B012 
Computer Lab Location:  ENAD 138 

LUNCH and DINNER are on your own – except for the Thursday evening pizza dinner 
 
 
Monday, July 12 
8:00 AM Registration / Coffee  (MSEE B012)    
8:30  Lecture 1a (S. Datta) 
10:00    Break 
10:30  Lecture 1b  (M. Lundstrom) 
12:00 PM  LUNCH 
1:30  Lecture 2 (S. Datta) 
3:00  Break 
3.30  Exercise Session 1 (S. Datta) 
5:00  Adjourn 
6:00  Welcome Reception for Out of Town Students 

 Anniversary Drawing Room, Purdue Memorial Union 
 
Tuesday, July 13 
8:00 AM Coffee and rolls 
8:30  Lecture 3 (S. Datta) 
10:00  Break 
10:30  Lecture 4 (S. Datta) 
12:00 PM LUNCH 
1:30  Tutorial 1: (N.S. Vidhyadhiraja) 
3:00  Break 
3:30  Exercise Session 2 (S. Datta) 
5:00  Adjourn 
  Tour of the Birck Building 
 
Wednesday, July 14 
8:00 AM Coffee and rolls 
8:30  Lecture 5 (S. Datta) 
10:00  Break 
10:30 Lecture 6 (S. Datta) 
12:00 PM LUNCH 
1:30  Tutorial 2 (T. Fisher) 
3:00  Break 
3:30  Exercise Session 3 (S. Datta) 
5:00  Adjourn 
6:30-8:00 Summer Concert Series (PMU Front Lawn, Rain Location: North Ballroom,  
  Purdue Memorial Union (Food will be available starting at 5:30PM) 
  Concert featuring “Moonshine Mason and the Rot Gut Gang” 
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Thursday, July 15 
8:00 AM Coffee and rolls 
8:30 Tutorial 3a: (U. Waghmare) 
10:00 Break 
10:30  Tutorial 3b: (U. Waghmare) 
12:00 PM LUNCH 
1:30  Tutorial 3c: (U. Waghmare) 
3:00  Break 
3:30  Lab Exercises: (U. Waghmare) Computer Lab – ENAD 138 
5:00 Adjourn 
 Pizza dinner in MSEE B012, nanoHUB.org feedback session 
 
Friday, July 16 
8:00 AM Coffee and rolls 
8:30  Tutorial 4a:  (G. Klimeck) 
10:00  Break 
10:30  Tutorial 4b: (G. Klimeck) 
12:00 PM LUNCH 
1:30  Lab Exercises: (G. Klimeck) Computer Lab – ENAD 138 
3:00  2010 Summer School Adjourns 
 

 
 


