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Lecturer Room No. Phone No. email 
Prof. Dr. Vijay Kumar 
Arora 

P19A: 04-01-03 012-7395780 vijay.arora@wilkes.edu

Schedule:  Tuesday/Thursday 4:00-6:00 PM, Level 4, P19a, Tutorial Room 2. A 
total of 42 hours with each hour worth 50 minutes is allocated for the 
course. However, because of the lecturer’s absence during keynote 
lectures away from the UTM, provision has been made for make-up as 
needed by allocating extra hours.  The course will run a total of 42 hours 
during these time slots. 

Synopsis:  Nanoelectronics, a diverse set of devices and materials for applications 
in modern electronics, starts from quantum mechanical properties 
progressively rising to nano-circuits where traditional paradigms based 
on Ohm’s law, KCL, and KVL are not valid. The course will cover not 
only the fundamental processes, but also advanced 
molecular/semiconductor electronics, one dimensional 
nanotubes/nanowires, 2D nanolayers of graphene and carbon nanotubes, 
etc. Recent silicon CMOS technology generations, such as the 22-nm 
node demand More than Moore’ Law on scaling of devices sometimes 
considered disruptive because present candidates are significantly 
different from traditional transistors. This research-based course will 
employ MATLAB as the vehicle to predict the outcomes of 
nanoensemble in its various allotropes and forms and compare with the 
digitized experimental data from the published literature. The outcome 
will trigger publication process.  
 

TEXTBOOKS : 
Vijay K. Arora : Nanoelectronics: Quantum Engineering of Low-Dimensional 
Nanoensemble,  scheduled to be published by Springer (Switzerland). 
Vijay K. Arora:  Planning and Designing Your Writing Success: Putting Your 
Creativity and Innovation on the Paper, a Writing Manual. 
Michael L. P. Tan: MATLAB: An Engine for Numerical Work, Working Notes. 
 

The textbook, writing manual, and working notes will be available free to the students, 
courtesy of the instructor.  Moreover, all lectures will be recorded in the PowerPoint 
format scheduled to be put online for students to download. 
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TEACHING METHODOLOGY  
The teaching methodology follows Bloom’s Taxonomy, shown in Figure 1, taking students 
from lowest Knowledge level to progressively highest Evaluation level. The course is 
designed not only to confirm learning outcomes are being achieved, but also to deploy the 
quality of the professional development as required in the workplace beyond graduation.  
 

 
 
Figure 1. Hierarchy of learning by tapping the hidden forces of the human brain by moving to higher levels. 

  
In thinking about professional and personal goals, remember that each course a student takes at UTM 
contributes to the overall goals of a university education and the program in which student is 
enrolled. The goals are sometimes referred to as global or general objectives; likewise, objectives are 
sometimes referred to as specific goals.  The point is that goals are general in nature, while objectives 
are specific in nature, yet both refer to the desired outcomes—the mileage covered during a journey 
(objective) towards a given goal.  Cognitive domain of most interest to learners involves knowledge 
acquisition and dissemination, critical thinking, and synthesis.  Bloom found that over 95 % of the 
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test questions students encounter require them to think only at the lowest possible level, the recall of 
information.  Bloom identified six levels, as shown in Figure 1, within the cognitive domain, from 
the simple recall or recognition of facts, as the lowest level, through increasingly more complex and 
abstract mental levels, to the highest order which is classified as evaluation. Action verbs that 
represent intellectual activity on each level are listed below. 
 
1.  Knowledge—Recalling the learned material. One should be able to remember facts, principles, 

and steps in a sequence, etc. Action verbs to describe this category are: arrange, define, duplicate, 
label, list, memorize, name, order, recognize, relate, recall, repeat, reproduce, and state. 

 
2.  Comprehension—Understanding the material.  At this stage one should be able to explain what is 

known, translates to new forms and symbols and extrapolates. Action verbs to describe this 
category are: classify, describe, discuss, explain, express, identify, indicate, locate, recognize, 
report, restate, review, select, and translate, 

 
3.  Applications—Making learning relevant.  At this stage, one should be able to use the material in 

new situations, that is apply concepts, principles, rules, theories, and laws to find solutions to new 
problems—problems that are new to our circle of influence.  Action verbs to describe this 
category are: apply, choose, demonstrate, dramatize, employ, illustrate, interpret, operate, 
practice, schedule, sketch, solve, use, and write. 

 
4.  Analysis—Cataloging the learned material. At this level one should be able to break things apart 

to understand relationships among components.  For example, one might analyze a biomedical 
sensor using what is learned in physical and biological sciences.  Action verbs to describe this 
category are: analyze, appraise, calculate, categorize, compare, contrast, criticize, differentiate, 
discriminate, distinguish, examine, experiment, question, and test. 

 
5. Synthesis—Making a system or procedure.  One should be able to put together parts to form a 

new whole—that never was before.  To quote Theodore Von Kármán, the California Institute of 
Technology’s Provost during its formative years: “Scientists discover the world that exists; 
engineers create the world that never was.” In other words, analysis is about being driven by 
curiosity to understand the world. Synthesis as a process of engineering (putting engine ahead of 
multitude of compartments) is about using scientific analysis to transform the world. 
Professionals do this when they write proposals, design new procedures, etc. Action verbs to 
describe this category are: arrange, assemble, collect, compose, construct, create, design, develop, 
formulate, manage, organize, plan, prepare, propose, set up, and write. 

 
6. Evaluation—Reviewing the pros and cons.  Here one should be able to use what is known about a 

subject area in making critical judgments, rate ideas or objects and to accept or reflect materials 
based on standards. The key skill is the ability to make judgments. Action verbs to describe this 
category are: appraise, argue, assess, attach, choose, compare, defend, estimate, judge, predict, 
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rate, core, select, support, value, and evaluate. 
 
The cognitive platform above explains how this course is structured.  The level 1 is listening to 
lectures and giving reactions by asking insightful questions and well-thought assessment.  That is not 
enough for one to be an informed professional. There is a need to restate ideas in different forms 
while posing questions in and out of the classroom (level 2).  Application part (level 3) comes in 
when one attacks complex problems or projects, perform surveys, or design experiments.  Analysis 
(level 4) allows one to delineate the steps in doing individual problems/projects that have a single 
outcome.  However, level 5 will bring one to the peak of a profession—generating alternatives 
towards meeting the goal of a given project. The level 6 brings one to evaluate alternatives in the 
context of its usage and also to assess peer’s contributions. 
 
 HOURS FOR EACH COMPONENT 
Each hour is 50 minutes duration with 5 minutes devoted to writing of a 1-minute paper indicating 
the learning outcomes of the lecture and posing question to the teacher. 
 

1. Nanoelectronic Overview                                                 03 hours 
Nanoengineering Circuits, Bio Applications, Growth and Decay 

2. Computation, Digitization, and Search                                                03 hours 
MATLAB, Literature Search, Data Scanning, and Documentation 

3. Atoms, Bands and Quantum Wells                                        06 hours 
Hydrogen-Like Atom, Atoms to Crystals, Bonds to Bands, 
Bands to Quantum Wells, Graphene and CNTs 

4. Carrier Statistics                                          06 hours 
Fermi-Dirac Distribution, Low-Dimensional Nanoengineering 
Equilibrium velocity and energy averages 

5. High-Field Distribution and Transport                                       06 hours 
Nonequilibrium Arora’s Distribution Function (NEADF) 
Ballistic and Quantum Transport 
Quantum Emission 

6. Nanoelectronic Transport                                                    06 hours 
Sat Law, 3D, 2D and 1D Resistors, Resistance Blow-up, 
Transit Time, RC, and L/R delays 

7. Nano-MOSFET and Nano-CMOS                                                       06 hours 
Long- and Short-Channel Nano-MOSFET 

            Model Refinements and CMOS Design 
8. Graphene and Carbon Nanotubes (CNTs)                                            06 hours 

Welcome to the Carbon World on a chip 
Rollover of graphene into CNTs 
Transistors, sensors and actuators based on CNT 
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Students are expected to spend 2 hours every week on problems and projects for every hour spent in 
the lecture.  Each student is expected to work a minimum of 6 hours per week for this 3-credit 
course; more may be required if your undergraduate preparation is not good.  
 
 
GRADING: 
 

Item Mark (%) 

One-minute paper every lecture 10 

Computational Projects 20 

      Homework Problems 20 

Test 1* (week 6) 10 

Test 2* (week 13) 10 

Final Exam* 30 

 
*Tests will be open book but the final exam must be closed book as per the protocol established by 
the FKE. Tests 1 and 2 may involve a component on computation in the computer lab.  As stated in 
the outcomes, the ability to solve problems and execute projects is at the crux of the course.  All 
projects/homework will require teamwork and cooperation from participating team members. As 
there is an emphasis on learning of your outcomes, samples of your attempted work will be retained 
for examination by accrediting agencies for monitoring quality control.  Quality of the course is 
expected to be very high which should help you in your research and life in the working world. 
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Course Objectives Assessment Form 

MEL 1263—Special Topic: Computational Nanoelectronics 
 

Please indicate how well you believe these learning outcomes were effective on the 
scale of 5 = accomplished well to 1= accomplished poorly and 0 = not accomplished. 
 
Course outcome              How effective was this outcome? 
In this course, I was able to: 
1. Analyze and evaluate performance of 

nanoelectronic devices for research and 
development. 

5 4 3 2 1 0 

2. Use computer tools to assess functional 
behavior.  

5 4 3 2 1 0 

3. Communicate outcomes in project reports and 
comprehension on contemporary issues.

5 4 3 2 1 0 

4. Solve problems in teams, evaluate 
contributions of partners, and assess values 
and virtues of team dynamics.

5 4 3 2 1 0 

5. Indicate the learning outcomes and pose 
questions in periodic surveys.

5 4 3 2 1 0 

 
General Remarks 

I would like to make the following suggestions to improve the quality of course 
offering as it relates to the challenges of my personal and professional life.. 
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Global Attribute Outcomes Assessment Form 

 
This course made me acquire 1-10 ability attributes (listed below) on the scale of 5 = 
substantial, 1 = not noteworthy and 0 = not relevant to the course. 
   

Attribute outcome 
 

How well was this outcome met? 

1. Ability to acquire and apply 
knowledge of mathematics, science 
and engineering 

 
5 4 3 2 1 0 

2.  Ability to analyze and interpret data  
5 4 3 2 1 0 

3. Ability to identify, formulate and 
solve electrical engineering problems  

 
5 4 3 2 1 0 

4. Ability to work with modern 
instrumentation, software and 
hardware 

 
5 4 3 2 1 0 

5. Ability to design a system, component 
or process to fulfil certain 
specifications 

 
5 4 3 2 1 0 

6. Ability to communicate effectively  
5 4 3 2 1 0 

7. Ability to function and be productive 
in a team 

 
5 4 3 2 1 0 

8. Ability to recognise the need for, and 
to engage in life-long learning 

 
5 4 3 2 1 0 

9. Understand the impact of the work of 
engineers on society 

 
5 4 3 2 1 0 

10. Understand ethical and professional 
responsibility 

 
5 4 3 2 1 0 

Any suggestions? Please record. 
 
  



 

 

Confidential 
Peer Review Assessment on Self-Directed Work Teams 

 
This peer rating system is designed to account for individual performance in cooperative learning.  A team member confidentially rates how well each of his/her teammates 
fulfilled their responsibilities by receiving an appropriate team rank, starting from 1 (highest) to lowest one depending on the number of team members.  You will rank your team 
members (except you) by 1 (most performing) to (X-1) (the least performing), where X is the number in the team. You will bold (or circle) your name without rank. The standard 
for a team will be 4 members, so you rank should go from 1 to 3 as you are not rating yourself.  In case of a tie, for example 1and 2 equal, you will rank both 1, leaving 2 unused; 
the next rank will be 3.  If all are participating equally, all will be ranked 1.  Indicate personality type of each member: coordinator (C), quarreler (Q), dominator (D), and 
freeloader (F).  Your teamwork grades will be apportioned as these are scaled based on the peer input.  Equal division will be done only if all agree 
equal participation.  A freeloader, who does not participate must get no grade as assessed by other team members. 

 
Confidential 

Peer Review Assessment on Self-Directed Work Teams 
 

Activity:  _ Homework and Projects________________________ Team Number_________ 
 

Attribute 
 

Name 
(Alphabetical Order) 

Attend all team 
meetings, arriving 
on-time or early.  
Dependable, 
faithful, reliable. 

2. Responsible: 
Gladly accepts 
work and gets it 
done. Spirit of 
excellence. 

Has abilities that         
the team needs.   
Makes most of the 
abilities. Gives fully, 
does not hold back. 
Communicates. 

 Creative. 
Energetic. 
Brings energy 
and excitement 
to the team. 
“Can do” 
attitude. Sparks 
creativity in 
others. 

5. Personality: 
Positive attitudes, 
encourages others. 
Seeks consensus. 
Fun. Brings out 
the best in others. 
Peace-maker. 
Water, not 
gasoline on fires. 

O 
V 
E 
R 
A 
L 
L 

Use 
only 
an 

integer 

P 
E 
R 
S 
O 
N 
A 
L 
I 
T 
Y 

 
 

1.           
2.           
3.            
4.             
5.        
Number of members in the 
Team 
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Activity:  _ Homework and Projects________________________ Team Number_________ 

Attribute 
 

Name 
(Alphabetical Order) 

Attend all team 
meetings, arriving 
on-time or early.  
Dependable, 
faithful, reliable. 

2. Responsible: 
Gladly accepts 
work and gets it 
done. Spirit of 
excellence. 

Has abilities that         
the team needs.   
Makes most of the 
abilities. Gives fully, 
does not hold back. 
Communicates. 

 Creative. 
Energetic. 
Brings energy 
and excitement 
to the team. 
“Can do” 
attitude. Sparks 
creativity in 
others. 

5. Personality: 
Positive attitudes, 
encourages others. 
Seeks consensus. 
Fun. Brings out 
the best in others. 
Peace-maker. 
Water, not 
gasoline on fires. 

O 
V 
E 
R 
A 
L 
L 

Use 
only 
an 

integer 

P 
E 
R 
S 
O 
N 
A 
L 
I 
T 
Y 

 
1.   Ahmad Ali 4 3 4 4 4 4 F 
2.   Cathy Moore 2 3 2 3 3 3 D 
3.   Douglas Zampetti 2 2 3 2 2 2 C 
4.   Michael Zhang         
5.   Sid Kesavan 1 1 1 1 1 1 C 
Number of members in the Team 5 5 5 5 5 5  

 


