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Objectives and Contextualisation

This course intends to provide the students with the fundamentals to be able to understand how do the
physical properties (electronic, optical, thermal, magnetic and transport) of the materials change when reduced
to nanometric scale.

Competences

Apply fundamental principles to the qualitative and quantitative study of various specific areas in
physics
Be familiar with the bases of certain advanced topics, including current developments on the
parameters of physics that one could subsequently develop more fully
Carry out academic work independently using bibliography (especially in English), databases and
through collaboration with other professionals
Communicate complex information in an effective, clear and concise manner, either orally, in writing or
through ICTs, and before both specialist and general publics
Develop critical thinking and reasoning and know how to communicate effectively both in the first
language(s) and others
Develop independent learning strategies
Formulate and address physical problems identifying the most relevant principles and using
approximations, if necessary, to reach a solution that must be presented, specifying assumptions and
approximations
Generate innovative and competitive proposals for research and professional activities.
Plan and perform, using appropriate methods, study, research or experimental measure and interpret
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Plan and perform, using appropriate methods, study, research or experimental measure and interpret
and present the results.
Respect the diversity and plurality of ideas, people and situations
Use critical reasoning, show analytical skills, correctly use technical language and develop logical
arguments
Use mathematics to describe the physical world, selecting appropriate tools, building appropriate
models, interpreting and comparing results critically with experimentation and observation
Using appropriate methods, plan and carry out a study or theoretical research and interpret and present
the results
Work independently, have personal initiative and self-organisational skills in achieving results, in
planning and in executing a project
Working in groups, assume shared responsibilities and interact professionally and constructively with
others, showing absolute respect for their rights.

Learning Outcomes

Calculate and analyse the characteristics of two-dimensional electron gas.
Calculate the absorption and emission of light in semiconductor nanoparticles.
Calculated band diagrams in low-dimensional systems.
Communicate complex information in an effective, clear and concise manner, either orally, in writing or
through ICTs, in front of both specialist and general publics.
Correlate changes in physical properties at the nanoscale with the development of new devices.
Develop critical thinking and reasoning and communicate ideas effectively, both in the mother tongue
and in other languages.
Develop independent learning strategies.
Generate innovative and competitive proposals for research and professional activities.
Identify changes in physical properties on decreasing size to nanoscale.
Identify the basic principles of electron and phononic transport for their subsequent application in
advanced low-dimensional systems.
Identify the importance of dimensionality ein the electronic, thermal, optical, magnetic and transport
properties of materials.
Interpret the simplification of transport equations in the ballistic limit.
Measure the luminescence of semiconductor quantum dots.
Obtain simplified models of energy bands to describe the electronic behaviour of low-dimensional
solids.
Provide fuller description of radiation-matter interaction in manometric systems.
Rationalize the results obtained in the laboratory with regard to the physical phenomena observed,
considering the influence of dimensionality on experimental measurements.
Relate dimensionality with dimensions characteristic of nanoscale particles.
Respect diversity in ideas, people and situations.
Simulate transport properties through analogies with electronic circuits.
Use Landauers formulism to describe ballistic transport.
Use calculus in one and several variables, in addition to differential equations and matrix calculus in the
study of the physical properties of nanomaterials.
Use critical reasoning, show analytical skills, correctly use technical language and develop logical
arguments
Work independently, take initiative itself, be able to organize to achieve results and to plan and execute
a project.
Working in groups, assume shared responsibilities and interact professionally and constructively with
others, showing absolute respect for their rights.
Carry out academic work independently using bibliography (especially in English), databases and
through collaboration with other professionals

Content

1. NANOCRYSTALS and NANOCRYSTALLINE MATERIALS obtention methods

1.1. Nucleation and Growth
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1.1. Nucleation and Growth

1.2 From the vapour phase

MBE, MOCVD, Sputtering,...(quantum dots and quantum wells)

Epitaxy. Growth modes. Heterostructures.

Strained systems: self-assembly. Si-Ge case.

1.3. From the liquid phase

Chemical synthesis (semiconductor quatum dots)

1.4. From the solid phase

Mechanical processes (nanostructures)

1.5. Article reading

2. SIZE effects on the physical properties.

2.1 Electronic properties: 1D, 2D and 3D confinement

2.1.1. Linear or circular chain of carbon atoms.

2.1.2. Particles in square wells.

2.1.3. Band structure and density of states as a function of dimensionality.

2.1.4. Confinement in the presence of an electric field: triangular potential well.

2.1.5. Confinement in the presence of a magnetic field: parabolic potential well.

2.1.5.1. Landau levels. Quantum Hall effect.

2.1.6 Article reading.

2.2. Electronic transport

2.2.1 Balistic transport: Landauer formulism

2.2.2. Tunnel transport: step function. Square barrier. Current in 1D. Resonant tunnel effect. Tunnelling in
heterostructures.

2.2.3 Applications: Electronic and magnetic devices based on heterostructures.

2.2.4 Article reading

2.3. Optical properties

2.3.1 Excitons: coulomb interactions.

2.3.2 Light emission and absorption (interband, intersubband).

2.3.3 Technological applications.

2.3.4 Article reading.

2.4. Thermal properties

2.4.1 Heat Capacity

Introduction: Cv,Cp in bulk systems.
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Introduction: Cv,Cp in bulk systems.

Change in Cp due to dimensionality: electronic and phononic effects. Carbon case: diamond (3D), graphite
(quasi-2D), graphene (2D), carbon nanotubes (1D).

2.4.2 Melting temperature and enthalpy in metallic and semiconductor nanoparticles.

2.4.3 Examples and technological applications.

2.4.4 Thermal transport: Kinetic theory. Boltzmann equation. Thermal conductivity. Size effects. Examples:
change in thermal conductivity in superlattices and nanowires.

2.5 Thermoelectricity

2.5.1 Seebeck and Peltier effects.

2.5.2 Figure of Merit: definition and implications.

2.5.3 Effects of dimensionality. Influence on the Figure of Merit.

2.5.4 Example and applications.

Methodology

This course offers specific contents about physics at the nanoscale. A list of the learning activities used to
teach the course is detailed in the following lines. The working hours corresponding to each activity are just a
guide and have been calculated for an average student. In this course we try to encourage students to
participate in an active way, as part of the learning process.

Guided learning activities:

Lectures: the lecturer will explain the most relevant concepts of each of the topic of the course. Normally, this
type of class is carried out on the blackboard, although slides will be used in some occasions. The students will
have the notes for the different topics in advance.

Practicum: In these classes, the teacher will explain how to solve some sample problems. From the whole list,
only part of the exercises will be solved in class. From this same list, the teacher will ask the students to deliver
one of the problems from each topic. This is a mandatory activity, as it is part of the evaluation.

Discussion class: The students will have to read a scientific article related to each of the topics from the
course. Some of the classes will be dedicated to discussing the contents of each of these articles altogether.

Laboratory: The students will perform some laboratory practices as part of the learning activities.

Supervised learning activities:

Tutorials: during the attention hours, the lecturers of the course will be available for any type of questions and
doubts related to the different topics of the course.

Autonomous learning activities:

Problem solving and deliveringof extra exercises: the student will have to solve the problems from the list that
the teacher will specify. The students can also solve some extra exercises to improve their mark.

Study and exam preparation: Individual work from the student with the aim of acquiring the theoretical
concepts from the course and the necessary skills to solve the problems.

Extra activities: the students have the opportunity to perform some extra projects, which will require a certain
level of code programming, where they can solve some problems related to the different topics of the subject.

Activities
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Activities

Title Hours ECTS Learning Outcomes

Type: Directed

Laboratory 7 0.28 11, 13, 16, 17

Lectures 27 1.08 15, 3, 1, 5, 6, 10, 11, 9, 12, 13, 14, 16, 17, 19, 21, 20

Practicum 12 0.48 15, 3, 1, 11, 9, 12, 14, 17, 19, 21

Scientific articles discussion 3 0.12 15, 3, 1, 2, 4, 5, 7, 6, 25, 8, 10, 11, 9, 12, 13, 14, 16, 22, 17,
18, 19, 23, 24, 21, 20

Type: Autonomous

Exercise solving and extra exercises
delivering

17 0.68 3, 1, 4, 25, 9, 12, 14, 19, 21

Extra materials preparation 20 0.8 4, 7, 6, 25, 8, 22, 18, 23, 24

Study and exam preparation 51 2.04 15, 3, 1, 2, 5, 7, 6, 10, 11, 9, 12, 14, 17, 19, 21, 20

Tutorials 5 0.2 4, 6, 8, 22, 18, 23, 24

Assessment

Problem solving and article reading: 25 % of the final mark.

Practicum (realization, report, interview): 15 % of the final mark.

First exam: 30% of the final mark.

Second exam: 30% of the final mark.

(2nd chance) Exam: 60% of the final mark. (Only the students that have been previously evaluated or 2/3 of
the evaluation will have the chance to do this exam)

Minimum mark of each of the exams in order to pass the course: 4

Assessment Activities

Title Weighting Hours ECTS Learning Outcomes

Exercises delivering and article reading 25% 0 0 4, 7, 6, 25, 8, 11, 17, 18, 23, 24, 21

Partial exam I 30% 2 0.08 3, 1, 11, 9, 12, 14, 17, 19, 21, 20

Partial exam II 30% 2 0.08 15, 2, 5, 10, 11, 17, 21

Partial exams (2nd chance) 60% 3 0.12 15, 2, 5, 10, 11, 9, 12, 14, 17, 19, 21, 20

Practicum 15% 1 0.04 4, 6, 25, 11, 13, 16, 22, 17, 18, 23, 24
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