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NanoPhysics and Nanochemistry 5 credits 41h

Innovative technologies, devices and 
materials

4 credits 60h

Physics Engineering and Economic 
Development

5 credits 80h

Laser Technics and Scientific 
Communication

5 credits 55h

Human Resources Management and 
Group Work

6 credits 75h

OPTIONS

Instrumentation - Project 5 credits 35h

FPGA and real time instrumentation 5 credits

Nanobioengineering 5 credits 32h

Micro-nano-electro-mechanical 
systems-nanotechnology 
Engineering

5 credits 37h

Graphene and beyond 5 credits

Nano-Sensor - Nanotechnological 
Engineering

5 credits
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NanoPhysics and Nanochemistry

 ECTS
5 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
41h

Presentation

Description

Programme (detailed contents):

Nanoelectronics and Spintronics :

- Transport regime and charcarteristic lengths

- Spin polarized transport ;

- Magnetic properties of multilayers;

- Applications in spintronics.

Nanochimie et Plasmonique :

- Chemical synthesis of nanoparticles – metals, 
semiconducting particles, oxides – nucleation and growth in 
liquid phase – shape and size control;

- Basics in colloids science; self-assembly; surface 
functionalization ;; Applications in biology and medicine;

- Contribution of chemistry to the control of physical properties 
and model nano-objects;

- Nanoparticle integration: devices and sensors;

- Metal nanoparticles and nanostructues  : Propagative 
plasmons, localized plasmons

Applications to the steady regime  : Dynamics of the energy 
transfer and application to photothermic ;

Organisation:

Nanoelectronics and Spintronics: 20h of lecture

Nanochemistry and Plasmonics: 20hof lecture

Objectives

This UF is a theoretical approach of the main concepts of 
nanoelectronics, spintronics and plasmonics, on one hand, 
surface physics and chemistry and near field physics, on 
the other hand. This UF is completed by an introduction to 
nanochemistry.

The educational objectives are twofold:

   - Acquire scientific knowledge related to the physics and 
chemistry of nanostructured solids, low dimensionality solids 
and surfaces;

  - to give to the student the possibility to link these knowledge 
to synthesize, observe and understand the properties of 
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nano-objects and nanostructures and use them in various 
applications like electronic devices or biology.

The student will be able to:

 - describe the main phenomena relative to electron transport 
(spin polarized or not) in low dimensionality systems and to 
explain the main applications in spintronics;

- describe the physics of surface plasmons in metal 
nanostructures and illustrate it by practical applications;

- describe the main features of the chemical syntheses of nano-
objects, their fonctionalization and their advantages for low cost 
devices and biological applications;

Pre-requisites

- Master 1 in Physics, Applied Physics or equivalent

Useful info

Place

 Toulouse
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Innovative technologies, devices and materials

 ECTS
4 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
60h

Presentation

Description

Programme (detailed contents):

Cold plasma assisted processes -Electric discharge in gas-

Continuous discharge-RF discharge- reaction mechanism in 
plasma- PECVD- dry etching

SiC, Si-Ge-C alloys: structure, electronic properties, 
applications, component integration

SOI: production, applications

Si nanocrystals: memory and opto-electronic

Working process of a OLED - EPR principle - Single photon 
nano-emitter-Diffusion process: cross-section's notion in 
embedded component.

Theory of electronic, electrostatic and optical near fields

Scanning probe microscopies : STM, AFM, SNOM

Principle, architecture, modes of imaging and spectroscopy

Organisation:

Plasma:

2 lectures of 1h15 per week

Lectures with a powerpoint support

New technologies and materials for the microelectronics 
applications:

1 lecture of 1h15 per week

Duplicated notes given to the students

Light-matter interaction:

1 labwork session of 3h per week

Scanning probe microscopies:
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2 lectures of 1h15 per week

Lectures with a powerpoint support

Duplicated notes given to the students

1 practical session of 7 h

Main difficulties for students:

  Limited knowledge of solid-state thermodynamics, metallurgy, 
matrix formalism of the quantum mechanics

Objectives

 At the end of this module, the student will have understood and 
be able to explain:

- The plasma process

- New technologies and materials for the microelectronics 
applications

- Concepts of the physics of continuous media

- Quantum phenomena such as diffusion, EPR, , quantum 
cryptography: entangled states, single-photon and pairs of 
  entangled states source based on semiconductors quantum 
dots

The student will be able to apply the quantum mechanics 
formalism to describe innovative devices at the nano-scale.

The student will be able to:

-choose the kind of scanning probe microscopy well adapted to 
one a specific application

-analyse and interpret basic images of scanning probe 
microscopy

Pre-requisites

Electromagnetism

Quantum Mechanics (I4GPPM11)

Mathematics: matrix calculus and differential equations

Physical Metallurgy (real crystal, diffusion, precipitation, 
nucleation and growth)

Basic knowledge of symbolic computational tool like Maxima

Useful info

Contacts

Education manager
IANN GERBER
 igerber@insa-toulouse.fr

Place

 Toulouse
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Physics Engineering and Economic Development

 ECTS
5 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
80h

Presentation

Description

Programme (detailed contents):

- Context of micro of nanotechnologies – From micro 
to nanofabrication: Fundamentals of lithography, resist and 
transfer procedures; lithography techniques, optical, X rays, 
LIGA, extreme UV, Projection electron beam lithography, Nano–
imprint, Soft-lithography, electron beam lithography, focused 
ion beams, near–field lithographies.

- Electromagnetic compatibility of equipment, system 
hardening against severe electromagnetic threats (lightning, 
high intensity radiated fields, nuclear electromagnetic pulse 
(NEMP)). Description of the threats, coupling phenomena, 
protection techniques.

- Basic knowledge - Main electronic functions and circuits - 
Microwave devices - Application on-board satellites

- LabVIEW (main concept))

Objectives

The student will have understood and be able to explain :

- The modern Micro and Nanofabrication technologies that are 
used in Microelectronics, Microsystem and Nanotechnology. 
And The physical basis and theoretical backgrounds necessary 
for mastering and implementing these technologies.

- The basic microwave and EMC techniques and technologies

- The concept of patents

- Virtual instrumentation concept (LabVIEW)

The student will be able to:

- Master the technical principles of advanced lithography and 
transfert technologies. Analyze and select the characteristics of 
any Micro/Nanofabrication process (advantages, limitations).

- Describe the main electronic functions and circuits of 
Microwave devices

- Describe an Electromagnetic compatibility of equipment, 
system hardening against severe electromagnetic threats 
(lightning, high intensity radiated fields, nuclear electromagnetic 
pulse).

- implement the code optimization procedures under 
LabVIEW® (architecture, synchronization mechanism , 
memory management ... )
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Pre-requisites

Scientific M1 in Physics.

Semiconductor Physics, Electromagnetism

Useful info

Place

 Toulouse
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Laser Technics and Scientific Communication

 ECTS
5 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
55h

Presentation

Description

Programme (detailed contents):

Laser Techniques :

-          Light-Matter interactions

-          Pumping mechanisms and Gain

-          Resonant cavity

-          Operation modes : cw, Q-switching, mode-locking

-          Laser beam properties : coherence, divergence…

-          Applications: material processing, metrology, lasers in 
medicine, etc…

-          Semiconductor lasers

English lectures :

       Collaboration with a technical course in an

        engineering  department

Informal individual/team presentations

Individual presentation (2’) filmed,  analysed in small group

Team presentations of the stages of the project for a specialised 
audience

Individual & group exercises

   emailing, professional experience, stages of the report

Technical report on a specific laser topic + Presentation in front 
of the other students and english and laser lecturers.

Organisation:

Laser  : 1-2 slots/week + visit of laser equipments in LPCNO 
research lab.

English : Tutorials (2 slots/week). Group work with & without 
tutor

Objectives

At the end of this module, the student will have understood and 
be able to explain :

- the main principles of laser physics and techniques

- the differences between written and spoken scientific/
technical English
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The student will be able to:

- to develop systems based on laser technics and train 
technicians and engineers in this field

- select relevant information for specific audiences

- develop, reformulate, synthesize in English specific scientific 
knowledge

- present project work orally

- dialogue on the key elements of the project

- write a report in English

- explain scientific knowledge to non-specialists

- adapt his/her expression for formal and informal situations

Pre-requisites

English :

Intermediate level - B2

Laser :

Quantum Mechanics, statistical physics, optics, material 
science

Useful info

Contacts

Education manager
XAVIER MARIE
 +33.(0)629768181
 marie@insa-toulouse.fr

Education manager
BARBARA MOORE
 bmoore@insa-toulouse.fr

Place

 Toulouse
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Human Resources Management and Group Work

 ECTS
6 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
75h

Presentation

Objectives

At the end of this module, the student will have understood and 
be able to explain (main concepts) :

Human Resource Management

Aims and organisation of a Human Resources position, job 
analysis and forecasting, recruiting, work motivation, skills, 
salary, training, career management, conflict mitigation, work 
contract

Social Psychology

Groups, what they are, their influences and dynamics

The student will be able to analyse a group situation

Pre-requisites

None

Useful info

Place

 Toulouse
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Instrumentation - Project

 ECTS
5 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
35h


Semester
Automne

Presentation

Description

Oriented object programming

"Learning and implementing the principles of object-oriented 
programming in C#. Realization of two versions of a program in 
console mode then with interface. This allows the highlighting 
of the advantages of the approach object of the programming. "

Project: "Implementation around a practical case of the various 
aspects of project management (technical, economic, human, 
environmental, ...) and preparation of engineering students for 
the realization of projects the major part of which is not defined 
or insufficiently defined by the applicant Demonstration of the 
plurality of solutions corresponding to a given problem "

Objectives

This module contains 2 lessons. At the end of these lessons, the 
student will:

Oriented object programming: Know and know how to apply the 
basic principles of object programming

Project: being able to write a technical and financial proposal in 
response to a call for tenders on an instrumentation project

Pre-requisites

Fourier transform in infrared

Useful info

Contacts

Education manager
SYLVAINE LOHEZ
 lohez@insa-toulouse.fr

Place

 Toulouse
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FPGA and real time instrumentation

 ECTS
5 credits

Presentation

Description

Topics are  : LabVIEW, LabVIEW real time and LabVIEW FPGA 
programmation, sensors characteristics, wiring and using 
conditions, software architecture, specifications writing, test 
report writing, analog and digital signals real time acquisition 
and generation, host machine – target communication

Objectives

The general objectives are i)To acquire knowledge in the field 
of real time and FPGA instrumentation. ii) Program a myRIO 
controler. iii) Program and debug an application for a robot 
based on FPGA and LabVIEW technologies

Student must be able: i)to choose relevant sensors to allow the 
robot to move, to locate himself and to handle some objects.ii)to 
write instrumentation program in LabVIEW, LabVIEW real time 
and LabVIEW FPGA iii)to write specification and test reports,  iv) 
Ability to manage a project with the specifications of a national 
challenge : autonomy, group synergy , responsibility …

Pre-requisites

LabVIEW knowledge required

Useful info

Contacts

Education manager
SYLVAINE LOHEZ
 lohez@insa-toulouse.fr

Education manager
JEREMIE GRISOLIA
 61859796
 grisolia@insa-toulouse.fr
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Nanobioengineering

 ECTS
5 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
32h


Semester
Automne

Presentation

Description

Three workshops will be proposed in a research environment 
combining labrooms and a nanofabrication clean room:

1)     Single DNA Microarrays fabrication using soft-lithography 
and fluorescence detection

2)         Combined investigation (simulation/fluorescence) of a 
specific microfluidic system

3)     fabrication photolithography 2D/3D of microfluidic system.

Organisation:

A starting lecture of 10 h on technologies for biology will 
be dispend to students. Students (in groups) will be exposed 
to a specific scientific question (1,2 or 3) and will be asked 
to discover a technological solution for its investigation, to 
establish an experimental protocol (10 h), to implement these 

experiments (11 h), to discuss the results and the potential 
applications (2 h).

Objectives

At the end of this module, the student will have understood and 
be able to explain (main concepts):

  - Nanotechnological processes for the investigation, the 
sensing and the quantification of specific biomolecular 
interactions, the basis of all biosensing technologies

- The principles of some of these technologies: Fluorescence, 
Quartz Crystal Microbalance, soft lithography, surface 
biofunctionalization, single molecule assays, biochips, Atomic 
force microscopy

The student will be able to:

- Formulate nanoscale mechanisms and give precise examples 
of biomolecular specific interactions

- Master nanoscale techniques for biopatterning a substrate

- Master nanoscale techniques for transducing a molecular 
event into a measurable signal

- Analyze any kind of biosensor

- Perform a scientific experiment

- Implement nanotechnological processes
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- Discuss and interpret results critically

- Bring together different concepts; extract them from their 
context in order to apply them in new situations

Pre-requisites

Introduction to nanotechnologies

Scientific M1 in chemistry, biology or physics.

Useful info

Place

 Toulouse
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Micro-nano-electro-mechanical systems-
nanotechnology Engineering

 ECTS
5 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
37h


Semester
Automne

Presentation

Description

Designing new addressable sensors (eg accelerometer, thermal 
actuators, micromirrors, ...) for the implementation of micro-
nanosystems. These basic elements and the circuit elements 
needed to address will be integrated into a single chip using a 
CMOS compatible process. The integrated component is then 
performed in a clean room and will test the success of each 
step in implementing the appropriate physical characterization 
methods. At the end of the process, they proceed to complete 
electrical characterization of chip made.

1 - MEMS Modeling Courses:

This course introduces the general concepts of MEMS and all 
the modeling techniques, especially the finite element method. 
These techniques are then developed in the construction of the 
following simulations.

2 - Simulation labworks :

Define techniques and methodologies for implementation of 
microsystems assembly based on a CAD industry (eg Cadence, 
Coventor ...). The multi-physics simulation (eg COMSOL) is then 
privileged to design innovative sensors and actuators in silicon.

3 - Micro-Nanofabrication MEMS:

Implementation and integration of cleanroom simulated 
sensors, also with the circuit elements needed to address them.

4 – Labwork on characterization by probing tests:

Test the viability and define the characteristics of simulated 
sensors and manufactured by the technique of probing 
tests. The comparison between theoretical and experimental 
characteristics is developed.

5 - Micro / nanosystems Project:

The project aims structuring throughout the semester via all the 
concepts covered and leads to a defense in front of the student 
classroom.

Several "free" homework are included in the schedule so 
that students can complete the characterization offer (eg the 

16 / 21 Non-contractual information.



atomic force microscope (AFM), scanning electron microscopy 
(SEM), ...).

Objectives

This workshop aims to simulate, manufacture and characterize 
new types of micro-nano systems sensors using micro- and 
nanotechnologies.

The main focus of the course is, on the one hand, experimental 
group work on industrial applications and on the other, 
to strengthen the link between academic content and the 
concepts they will need in their future profession. This is done 
by carrying out a project that is meant to help students organise 
their knowledge, it allows them to perform a literature review 
and perform a detailed study of these new sensors which have 
applications in many areas eg micro- and nanoelectronics, 
aeronautics, medicine ...

The following topics will be covered:

- MEMS / NEMS Modelling course

- Lab-work on multi-physics simulations (e.g. COMSOL)

- Production of MEMS in the AIME clean room (1/2 process)

- Lab-work on MEMS probing characterization

- MEMS / NEMS Project defense

Pre-requisites

Semiconductor physics and microsystems Basic knowledge in 
solid state physics (Master 1)

Knowledge check

Written exam, practical work and project presentation

An oral presentation evaluates the quality of the research 
literature and the quality of the project conducted by students. 
A labwork note is used to complete and to assess on the quality 
of the experimental work.

Useful info

Place

 Toulouse
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Graphene and beyond

 ECTS
5 credits 

Semester
Automne

Presentation

Description

This project begins with a bibliographic work dedicated to novel 
two-dimensional materials, following a general presentation 
with guidelines. Depending on their bibliographic researches, 
the students will elaborate an experimental project centered on 
a particular 2D material. A second meeting with the teacher will 
be used to validate or modify the project, taking into account the 
experimental facilities.

The experimental fabrication of the device includes three steps:

- Micro-mechanical exfoliation of a 3D material and local 
deposition of its 2D counterpart on a dedicated substrate. 
Observation and characterization using optical microscopy.

- Electrical addressing using electron-beam lithography and lift-
off (fabrication of micro-electrodes)

 - Sample mounting on a special sample-holder using wedge 
bonding.

The students will characterize their devices using optical and 
atomic force microscopy, before measuring their electronic 
properties at low temperature and under magnetic field.

Organisation:

The projects are realized by groups of 2 or 3 students. During 
the laboratory sessions, the students are closely guided by a 
teacher.

Objectives

At the end of this module, the student understands and is able 
to explain (main concepts):

- the main properties of novel bi-dimensional materials such as 
graphene or transition metal dichalcogenides.

- the fabrication techniques derived from micromechanical 
cleavage from a mother material and the manipulation of these 
objects at the micrometer scale.

- the concepts and experimental methods aiming at the 
electrical addressing of these objects using e-beam lithography
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- the electronic properties of these materials, as well as their 
potential for future applications.

The student will be able to:

- produce an experimental device involving a bi-dimensional 
material.

- measure the electronic properties of the fabricated device

- discuss the experimental results and propose further 
improvements when applicable.

Pre-requisites

Master 1 in Physics, Applied Physics, Chemistry or Material 
Science or equivalent

Knowledge check

-        Oral presentation of the bibliographic report

Report of the experimental works

Useful info

Contacts

Education manager
WALTER ESCOFFIER
 wescoffi@insa-toulouse.fr
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Nano-Sensor - Nanotechnological Engineering

 ECTS
5 credits 

Semester
Automne

Presentation

Description

This project begins with a bibliographic work in the framework 
of sensors and an oral presentation of this work.

It follows with an experimental work et a report on the 
experiments.

The experimental realization of a sensors includes:

- chemical synthesis of nanoparticles; characterization by 
dynamic light scattering (DLS), electron microscopy, atomic 
force microscopy (AFM);

- Assembly of the nanoparticles by convective deposition, 
nanoxerography, and/or dielectrophoresis;

- Electrical measurements of the nanoparticles based sensors; 
characterization of gas sensors under pcontrroled partial 
pressure of different gas; study of the temperature effect; 
sensibility and selectivity.

Organisation:

The projects are realized by groups of 2 or 3 students. The 
whole project (bibliographic + experimental) corresponds to 
about 60h. 30h are in presence of the professors, 20h of which 
are dedicated to the experimental works.

Objectives

At the end of this module, the student will have understood and 
be able to explain (main concepts):

- the approach and the different steps for the conception and 
realization of a micro- and nano-electronic by integration of 
nano-objects synthesized as a colloidal solution;

- the operating model of a nano-sensor

the student will have understood and be able to explain:

- the main concepts and the experimental practices about 
nano-object synthesis and stabilization of colloidal solutions;

- the main concepts and the experimental practices about 
deposition of nano-objects from a solution into 2D and 3D 
arrays on a surface;

- the physical principles of nanoparticles based sensors (gaz 
sensor, strain sensor …).
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The student will be able to:

- produce a sensor relying on nanoparticle arrays with particles 
synthesized and assembled during the project;

- measure the sensor properties and describe how it works;

-discuss the results obtained and suggest improvements..

The student will be able to:

- suggest a reasonable solution for the realization of a sensor 
gathering the different concepts described above;

- produce an expertise on the conception and the practical 
realization on a novel sensor.

Pre-requisites

Master 1 in Physics, Applied Physics, Chemistry or Material 
Science or equivalent

Useful info

Contacts

Education manager
SEBASTIEN LACHAIZE
 slachaiz@insa-toulouse.fr
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