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This volume is the second edition of Transmission Electron Microscopy: Diffraction, Imaging, 
and Spectrometry building upon the foundation of the first edition while significantly ex­
panding and updating its scope. The book remains true to its mission of being a student-fo­
cused textbook, designed to complement the bestselling Transmission Electron Microscopy: 
A Textbook for Materials Science, by Williams and Carter.

As a comprehensive guide to advanced topics in TEM (Transmission Electron Microsco­
py), this companion covers the latest technological advancements, new applications, and 
enduring techniques essential to the field. The chapters explore rapidly evolving areas like 
in-situ experiments, electron diffraction, STEM, energy-filtered TEM (EFTEM) imaging, 
holography, and tomography. It also emphasizes both theoretical and practical aspects of 
TEM, with expert insights from world-renowned researchers.

Since the first edition of this book, the field of TEM has advanced significantly, particularly 
in the realms of computer-controlled instrumentation and data acquisition. This edition 
reflects the maturation of techniques like cryogenic electron microscopy, holography, and 
ptychography, all of which are now more accessible due to software-driven innovations.

As in the first edition, this volume includes two sets of questions at the end of each chapter: 
one for self-assessment and another suitable for homework assignments. The text encour­
ages a thoughtful, interactive learning process, prompting students to engage deeply with 
the material and further explore scientific literature and resources.

Richly illustrated with high-quality color figures, this new edition offers unparalleled visual 
representations of the complex phenomena under study. It provides clarity on key challenges 
and pitfalls in modern TEM techniques, making it an essential resource for both novice and 
experienced microscopists.

In keeping with its role as a textbook, this companion remains an important resource for 
graduate students and professionals in materials science, offering detailed discussion and 
practical guidance on a wide array of TEM technologies and methodologies.

9783031807886

ISBN 978-3-031-80788-6

83031

►springer.com

886 265818310683549000211066817000

%25e2%2596%25baspringer.com


Contents

1 Electron Sources............................................................................................................................ 1
Pieter Kruit

2 FIB of TEM Specimens.................................................................................................................. 17 
Joseph R. Michael and Lucille A. Giannuzzi

3 In-Situ and Operando Experiments ...........................................................................................69
C. Barry Carter and Katherine Jungjohann

4 Applying a Stimulus to the Specimen .....................................................................................109
C. Barry Carter and Katherine Jungjohann

5 In-situ Irradiation........................................................................................................................145
Jonathan Hinks and Khalid Hattar

6 Cryogenic Electron Microscopy.................................................................................................177
Michael Zachman and John Watt

7 Electron Diffraction and Phase Identification........................................................................ 207
M. Grace Burke

8 Convergent-Beam Electron Diffraction: Symmetry and Large-Angle Patterns................229 
Alwyn Eades

9 Electron Crystallography, Charge-Density Mapping and Nanodiffraction ....................... 275 
John C.H. Spence and Jian-Min Zuo

10 Digital Micrograph .....................................................................................................................305 
Bernhard Schaffer

11 Electron Waves, Interference and Coherence...........................................................................339 
Michael Lehmann and Hannes Lichte

12 Electron Holography...................................................................................................................357 
Michael Lehmann and Hannes Lichte

13 Focal-Series Reconstruction (FSR)............................................................................................. 379 
Andreas Thust

14 Single Atom Counting HREM......................................................................................................415 
Sandra Van Aert, Dirk Van Dyck and Fu-Rong Chen

15 Quantitative STEM.......................................................................................................................439 
Annick De Backer and Sandra Van Aert

16 Imaging in the STEM ..................................................................................................................459 
Stephen J. Pennycook and Timothy J. Pennycook

17 4D STEM ...................................................................................................................................... 527
Colin Ophus



18 Nanoparticle Characterization .................................................................................................555 
Agus R. Poerwoprajitno, Richard Tilley and Dale L. Huber

19 Electron Tomography (ET)..........................................................................................................593
Paul Midgley and Matthew Weyland

20 Energy-Filtered TEM (EFTEM) .................................................................................................... 633
Paul Midgley and Paul Thomas

21 Calculating EELS..........................................................................................................................661
Vicki J. Keast

22 Diffraction and X-Ray Excitation .............................................................................................. 681
Ian Jones

23 X-Ray and EELS Imaging.............................................................................................................695
Paul G. Kotula

24 Practical Aspects and Advanced Applications of XEDS ......................................................... 729
Masashi Watanabe

The Epilogue (Afterword, Postword or just...the Last Words!)........................................................ 777
David B Williams and C. Barry Carter

Figure and Table Credits........................................................................................................................783

Index 799


