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Fernando Vereda Moratilla
Isabel Sanchez Almazo
Maria del Mar Abad Ortega
Fatima Linares Ordofiez

TUTORING SCHEDULE (link)

Fernando Vereda:
http://fisicaaplicada.ugr.es/pages/profesorado# _doku_tit
ulares_de_universidad

MASTER

Master Universitario en Fisica: Radiaciones,
Nanotecnologia, Particulas y Astrofisica

(Master in Physics: Radiation, Nanotechnology, Particles
and Astrophysics)

PREREQUISITES AND/OR RECOMMENDATIONS

Basic knowledge of: radiation-matter interaction phenomena, the particle/wave duality, the crystal structure of solids and
diffraction techniques
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BRIEF DESCRIPTION OF CONTENTS

Scanning electron microscopy (SEM) and transmission electron microscopy (TEM). Atomic force microscopy (AFM).
Instrumentation in microscopy. Instrumentation in structure analysis.

OBJECTIVES

The student will know/understand:

- The principles behind the operation of the two main types of electron microscopes (scanning electron microscopes
and transmission electron microscopes) as well as those behind an atomic force microscope to the extent that he/she
should be able to operate electron or atomic force microscopes, perhaps with minor supervision.

The student will be able to:

1. Decide what technique should be used to study/characterize a given material

2. Understand and interpret microscopy results (bright field and dark field images, electron diffraction patterns,
STEM-HAADF, high resolution images, backscattered-electron or secondary-electron SEM images) and results
from related techniques, such as energy-dispersive X-ray (EDX) spectroscopy, electron energy loss spectroscopy
(EELS) or X-ray diffraction (XRD)

CONTENTS OF THE COURSE

- Lecture 1: Introduction. Limits of optical microscopy.

- Lecture 2: Interactions between electrons and solids. Elastic scattering and diffraction. Bragg’s Law, reciprocal lattice and
Ewald’s Sphere.

- Lecture 3: Interactions between electrons and solids. Inelastic scattering and the thick sample. Secondary and backscattered
electrons. Elemental analysis: energy-dispersive X-ray (EDX) spectroscopy and wavelength dispersive X-ray spectroscopy
(WDXS). Electron energy loss spectroscopy (EELS).

- Lecture 4: SEM: image formation. Environmental SEM. Electron Backscattered Diffraction (EBSD)

- Lecture 5: TEM: image formation and basic techniques: mass-thickness contrast, bright field (BF) and dark field (DF)
contrast. Phase contrast and high resolution (HRTEM and UHRTEM), scanning transmission electron microscopy (STEM-
HAADF), electron tomography in TEM, selected area electron diffraction (SAED).

- Lecture 6: Instrumentation: electron guns, detectors, lenses, apertures. Sample preparation.

- Lecture 7: AFM. Basic components and modes of operation; topography and phase images; force measurements and other
applications

Students will participate in 3 sessions (SEM, TEM and AFM) at the microscopes of the ‘Centro de Instrumentacion
Cientifica’ de la UGR
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USEFUL LINKS

www.mse.iastate.edu/research/laboratories/sem/microscopy/ (Page of the lowa State University on SEM)
www.fei.com/introduction-to-electron-microscopy/ (Introduction to electron microscopy by FEI, a microscope
manufacturer)

www.matter.org.uk/tem/ (Basic concepts on TEM by the ‘Matter’ a consortium of British universities)
www.doitpoms.ac.uk/tlplib/tem/index.php (page of Cambridge University on TEM)
www.doitpoms.ac.uk/tlplib/afm/index.php (page of Cambridge University on AFM)

METHODOLOGY

Lectures: To transmit the contents of the subject, motivating the students to reflection, facilitating the discovery of
relationships between different concepts and promoting a critical mindset.

Academic tutoring: To guide the autonomous and team work of students, focusing on different aspects of the subjects and
guide the comprehensive academic training of the student.

Experimental classes/demonstrations: To develop experimental skills (sample handling and preparation) and to strengthen
the understanding of how the microscopes work.

Study and independent work of students: To foster in the student the ability to self-regulate their learning, by planning,
designing, evaluating and adapting it to their particular conditions and interests.

Teamwork: To encourage students in the generation and exchange of ideas, identification and analysis of different views on
a topic, generalization or transfer of knowledge and critical assessment of it.
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