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Module 1: Introduction and Foundations – theoretical background in Atomic Force Microscopy. 

Module 2: An in-depth study of multi-modal AFM beyond topography and its applications. 

 

COURSES LOGISTICS  
 

 Number 
of hours 

Number 
of credits 

Delivery dates in 2019 

Module 1: AFM introduction and foundations 18 3 23 – 27 September 
Module 2: Multi-modal AFM beyond topography 18 3 30 September – 9 October 

  



MODULE 1:  A  THEORETICAL BACKGROU ND IN ATOMIC FORCE M ICROSCOPY .  
 

We introduce in this course the basic concepts in scanning probe microscopy techniques including 

scanning tunneling microscopy (STM) and atomic force microscopy (AFM). The principles of these nano 

characterization methods for the investigation of surfaces at the nanoscale are described from a 

theoretical point of view. The physics governing the tunneling current in STM as well as the imaging of 

surfaces and the local density of states with atomic resolution is detailed in the first place. Application 

examples of STM in various fields of research are provided. In a second place, we describe the operating 

principle of an AFM in static modes (spectroscopic force-distance curves, scanning in contact mode) and 

in dynamic modes (vibrating cantilevers in amplitude and frequency modulation modes). We provide the 

elements of understanding to apprehend forces involved between the tip of the AFM probe and the 

surface of a sample. The effects of these force fields as well as the operating parameters on the spatial 

resolution and the nature of the investigated properties of the surface are discussed and their theoretical 

framework is provided.  

At the end of this course, participants are expected to become familiar with the physical principals of STM 

and AFM. The course aims at establishing an introductory global understanding of an AFM (STM) 

measurement, which should enable new researchers in the field to evaluate the need and applicability of 

these nano characterization methods to their research projects.  

  



MODULE 2:  AN IN-DEPTH STUDY OF MULTI-MODAL AFM  BEYOND TOPOGRAPHY 

AND ITS APPLICATIONS .  
 

This course focuses on atomic force microscopy (AFM) and its variant techniques for the nano 

characterization of surfaces. In its basic applicability, AFM allows imaging the topography of virtually any 

surface at the scale of few nanometers. However, the rapid development of this technology has enabled 

the introduction of a large variety of AFM-based methods to characterize an arsenal of surfaces’ 

properties such as electronic, chemical, optical, electrical and elastic properties. The operating principles 

and experimental setups of these AFM methods will be described in this course with an emphasis on 

practical application examples in the fields of materials sciences, chemistry and biotechnologies. A 

highlight will be made on the experimental parameters involved in each AFM-based method, including 

sample and probe preparations, effects of operating conditions and procedures for tailored and improved 

applications in the different research fields. 

At the end of this course, participants should become able to identify specific AFM-based methods that 

would apply to their own research interests. They are also expected to discuss the experimental 

conditions and implications that would be required in specific application related to their current or 

future research projects. 

 

 

 


