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Microscopy

An Introduction by Lorenz Lechner



Learning Goals

• Basic Operating Principles

• SEM Hardware

• Understand/aquire SEM images

• SEM Applications

• Focused Ion Beam Microscopy



Overview



d =
λ

2n sin α



Some history...



Ernst Ruska

Modern Mechanix (Nov. 1934)

+
Max Knoll



This is not an 
SEM...

...since transmission electron 
microscopy is fundamentally 

different!



Basic Operating 
Principle



Hardware
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Electron Optics



Electron Interaction



Interaction Volume



Primärstrahl

Probe
Entstehungsbereich f.
SE-Elektronen

Entstehungsbereich f.
RE-Elektronen

Entstehungsbereich f.
Röntgenstrahlung

Electron Species



Electrons Energy



SEM Imaging



Fundamentals



Scanning
Electron

Microscopy



Electron Beam Shape



Large Depth of Focus



“Infinite Focus”
For small aperture

And
Large working distance



Contrast Mechanisms



Secondary Electrons





Backscattered Electrons





Accelerating Voltage
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Cryo-SEM





Environmental SEM







Analytical Tools



Measuring
Full 2D 

Measurement capabilities
After 

Calibration



Software Enhanced
3D Measuremnt



Elemental Analysis



EDX
Energy Dispersive X-ray Spectroscopy





EBSD
Electron Backscatter Diffraction





Summary

• Basic Operating Principles

• SEM Hardware

• Understand/aquire SEM images

• SEM Applications



Focused Ion Beam
Microscopy



Microscope









Ion Interaction
SE, SI, sputtered particles, 

amorphization, etc.



Charge Contrast

Channeling Contrast



Milling







Gas Deposition





EBID



Applications



R. Klengel, Fraunhofer IWM

X-sectioning



TEM-Sample Preparation



NanoProbing






