Syllabus
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Course topic 
Basic concepts and applications in spintronics
Number of credits 
5 ECTS 

Course responsible 
Grenoble INP Phelma
Dr. Liliana Buda-Prejbeanu 

Course lecturers 
Mair Chshiev,Ursula Ebels
Prerequisites
Basics in solid state physics, quantum mechanics, electromagnetism and magnetism.
Learning outcomes 

At the end of the courses the student should be able to:
· Understand the basics of magnetic materials and building blocks of a magnetic devices
· Know the basic properties of magnetic nanostructures

· Use the LLG equation for understanding the control of the magnetization 
· Analysing rigorously the scientific literature 

· Know the basic principles of various applications (sensors, memories, oscillators)
Abstract

Since the discovery of the giant magnetoresistance the research activity of spintronics evolves extremely fast and many applications have since been defined: magnetic sensors, read heads, magnetic memories, magnetic logic devices, microwave components. A major trend of spintronics devices is the continuously decreasing size of the active part combined with an increasing operation frequency (nanosecond and below). The course will cover the spintronics from the basics knowledge to working principles of various applications passing through fabrication and characterization technics. Knowing how the magnetic behaviour is affected by the device scaling and how to control the magnetization is the key issue for imaging new application or optimized the exiting one. 
Content

1. Introduction in magnetism 
1.1. Magnetic moment, magnetic materials

1.2. Magnetic stable states, hysteresis 
1.3. Coherent magnetization reversal
1.4. Magnetization dynamics (Landau-Lifshitz-Gilbert equation)
1.5. Superparamagnetism 
2. Nanofabrication and characterization of magnetic nanostructures

2.1. Deposition technics

2.2. Nanofabrication technics

2.3. Technics of global characterization

2.4. Technics of local characterization 
3. Spin dependent transport
3.1. Magnetoresistive phenomena  (AMR, GMR, TMR, SHE)
3.2. Spin transfer torque (STT)

3.3. Spin orbit torque (SOT)

4. Magnetic field sensors

4.1. Movement detection

4.2. Molecular detection

4.3. Magnetic reading heads

5. Spin torque oscillators

5.1. General equation of the oscillator

5.2. Steady state precession (IPP, OPP)

5.3. Vortex oscillator

6. Magnetic random access memories 
6.1. Field induced magnetization switching MRAMs 

6.2. Thermally assisted MRAMs

6.3. Spin Transfer Torque MRAMs (planar and perpendicular) 

7. Spin orbit torque devices

7.1. Magnetic domain wall motion in nanostripes

7.2. Magnetization reversal in perpendicularly magnetized nanodots 

7.3. Skyrmions in magnetic nanostructures
Teaching methods
The theoretical part of the course is presented in the Moodle learning environment in the form of HTML tutorials.
The practical work represents the analysis of one or several recent publications or datasheet product. In both cases on-line support by the tutor is provided.

Assessment

The course grade consists of:

60% – Knowledge test with a multiple choice questionnaire

40% – Final Project
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