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Prerequisites

Basic knowledge on electron devices and electronic circuit is convenient (but not mandatory).
Objectives

1) Get a general vision about the state-of-the-art in nanoelectronics. This will include the understanding of the
most important technological drawbacks, the research goals and the main evolution trends.

2) Know the main nanoelectronic devices and emerging device concepts, including devices based on
advanced materials, with the goal of establishing a link between device operation and their performance.

3) Adquire a broad view of the main simulation techniques for nanoelectronic devices, being able to determine
which method is most adequate for each particular device/scenario.

4) Understanding the principles of operation of the mopst important nanoelectronic devices, including devices
for biosensing, high-frequnecy, logic and memory applications.

Competences



® Analyse the benefits of nanotechnology products, within one's specialisation, and understand their
origins at a basic level
® Continue the learning process, to a large extent autonomously

® (Critically analyze the principles of operation and expected benefits of electronic devices operating at the

nanoscale (nano-electronics specialty)

® Show expertise in using scientific terminology and explaining research results in the context of scientific

production, in order to understand and interact effectively with other professionals.

Learning outcomes

® CAZ28 (Calculate the behaviour of emerging nanoelectronic devices by solving different models.)
Calculate the behaviour of emerging nanoelectronic devices by solving different models.

® KAZ29 (Describe the current state of micro- and nanoelectronic technologies and the future evolution
trends of emerging nanoelectronic devices.) Describe the current state of micro- and nanoelectronic
technologies and the future evolution trends of emerging nanoelectronic devices.

® SA37 (Analyse the physical principles of operation of different emerging nanoelectronic devices, as well

as their main advantages and limitations.) Analyse the physical principles of operation of different
emerging nanoelectronic devices, as well as their main advantages and limitations.

Contents

Tema 1.- Physics and simulation of nanoelectronic devices

1.1 The Road to Nanoelectronics: Over a Century of Electronic Innovation
1.2 What Is an Electron? What Is an Electronic Device?

1.3 Mechanical and Thermodynamic Considerations

1.4 Overview of Simulation Models and Theories

1.5 Example: Quantum Dots for Memory and Quantum Computing
Tema 2.- Nanoelectronic FETs

2.1 MOS structure.

2.2 Long channel MOSFETs

2.3 Short channel MOSFETs

2.4 Scaling of MOSFETSs

Tema 3.- Emerging devices based on 2D materials

3.1 Graphene based devices

3.2 2D materials based semiconductor devices

Tema 4.- Advanced nanoelectronic devices for logic and memory
4.1 Storage Class memories (FERAM,MRAM,RRAM,,....)

4.2 Memristors and Memristive Devices

4.3 Neuromorphic circuits and artificial intelligence



Learning activities and methodology

Title Hours ECTS Learning outcomes
Use of TCAD tools for electron devices 12 0.48 CA28, SA37
Lessons 19 0.76

Reading of research papers and other scientific documents 13 0.52

Autonomous works and report writting 28 112 CA28, KA29, SA37

We will combine class lectures with autonomous homework, including the reading of research papers, solution
of excercises, the critical reading of ITRS documents and the use of device simulation tools.

Annotation: Within the schedule set by the centre or degree programme, 15 minutes of one class will be
reserved for students to evaluate their lecturers and their courses or modules through questionnaires.

Annotation: within the schedule set by the centre or degree programme, 15 minutes of one class will be
reserved for students to evaluate their lecturers and their courses or modules through questionnaires.

Assessment

Continuous assessment activities

Title Weight Hours ECTS Learning outcomes
Device simulation tools 40 0 0 CA28
Final exam 45 3 0.12 CA28, KA29, SA37
Characterization in the laboratory 5 0 0 CA28
Solution of problems 10 0 0 CA28

The evaluation of the subject will consist of:

- Exam at the end of courses: 45% of the NOTE
- Simulation practices: 30% of the NOTE

- Problems to resolve: 10% of the NOTE

- Laboratory work: 5% of the NOTE

The studewnt has to pass with a minimum of 5 all previous parts.

To ask for a reevaluation the student must have been received a mark in activities that represent at least 2/3 of
the global mark during the course.
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WEB resources

http://nanchub.org/ ; ITRS: http://www.itrs2.net/ ; RDS: http://irds.ieee.org/ IEDM: https://www.ieee-iedm.org/

Software

The software BITLLES for nanodevices simulations will be used (europe.uab.es/bitlles)
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