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I. COURSE DESCRIPTION 

 

Many of the current multifunctional materials require the modification of their 

surfaces by means of laser radiation in order to optimize properties such as 

friction, resistance to corrosion and wear, wettability, among others. This 

course seeks to provide the basic knowledge of continuous and pulsed lasers that 

are used in surface modification processes. In turn, the main techniques applied 

to modify the properties of functional surfaces will be discussed. Finally, 

materials science techniques will be presented that allow characterizing relevant 

properties of surfaces, such as topography, crystallinity and oxidation state. 

 

II. LEARNING OUTCOMES  

 

• Recognize the main fundamentals and techniques currently used to produce 

surface modification using continuous and pulsed lasers.  

• Acquire basic knowledge to interpret results obtained through standard 

materials characterization techniques. 

 

III. CONTENT 

 

Unit I: continuous and pulsed lasers 

 

1) Gaussian rays 

2) Cavities 

3) Operation of the gain medium at the microscopic and macroscopic level 

4) Properties of laser light 

5) Types of lasers 

6) Pulse generation 

 

Unit II: surface modification 

 

1) Physical and geometric optics 

2) Interaction of laser light with matter: Drude and Lorentz models 

3) Interaction of laser light with biological organisms 

4) Temperature distributions in thin films and solid materials 

5) Technological laser processes: cutting, drilling and welding 

6) Laser interference metallurgy (LIM) and ultra short pulse processes 
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Unit III: characterization of surfaces 

 

1) Scanning electron microscopy (SEM): fundamentals and scope 

2) Atomic force microscopy (AFM): fundamentals and scope 

3) X-ray diffraction (XRD): determination of crystallographic phases and thin 

film properties 

4) Raman spectroscopy: fundamentals and interpretation of spectra 

5) Chemical characterization of surfaces: Auger electron spectroscopy (AES) and 

photoelectron (XPS) 

6) Advanced techniques: backscattered electron diffraction (EBSD) and atomic 

probing tomography (APT)  

 

IV. METHODOLOGICAL STRATEGIES  

 

• Theoretical lectures  

 

V. EVALUATIVE STRATEGIES  

 

• Attendance,  

• Summative tests  

• Oral presentations.  
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