
The most versatile instrument for a 
materials scientist? 

What can we study in a SEM? 

• Topography and morphology 

• Chemistry 

• Crystallography 

• Orientation of grains 

• In-situ experiments: 
– Reactions with atmosphere 

– Effects of temperature 

“Easy” sample 
preparation!! 

“Big” samples! 

It is a microscope that produces an image by using an electron 
beam that scans the surface of a specimen inside a vacuum 
chamber. 
 



Optical Microscope versus Electron 
Microscope 



How is Resolution Affected by Wavelength? 



• Resolution limit of optical microscopes is due to 
the light diffraction; roughly optical resolution can 
be estimated as wavelength λ/2NA (NA is the 
numerical aperture of lens, usually ~ 1.0): for white 
light, average wavelength is around 500 nm, the 
best resolution is thus a few hundreds nm. 
  
• Decreasing the wavelength is the way to improve 
the resolution. 
 

• Electron wave is a unique medium that can be used in imaging. By 
accelerating the electrons into high energy beam (via high voltage), the 
wavelength thus created is far shorter than white light. For example, for 
an electron beam produced from a 20 kV gun, the wavelength is only 
1240.7/20,000 (eV) = 0.06 nm = 0.6 Å, corresponding to a resolution 
limit of λ/2 = 0.3 Å --- theoretically, it can be used to image a species as 
small as 0.3 Å. Most atoms are in size of 2-3 Å. 

Electronic Microscope for higher resolution 







Signals from the sample 

Cathodoluminescence, 
X - Rays and Auger 
electrons are three 
types of relaxation. The 
relaxation energy is the 
fingerprint of each 
element 

















The instrument in brief 







 We want many electrons per time unit per area (high 
current density) and as small electron spot as possible 

 Traditional guns: thermionic electron gun (electrons are 
emitted when a solid is heated) 
 W-wire, LaB6-crystal  

 Modern: field emission guns (FEG) (cold guns, a strong 
electric field is used to extract electrons) 
 Single crystal of W, etched to a thin tip 

Electron Guns 







Detectors 

Secondary electron detector: 
(Everhart-Thornley) 

Backscattered electron 
detector: 
(Solid-State Detector) 

Our traditional detectors 

 Secondary electrons: Everhart-Thornley Detector 

 Backscattered electrons: Solid State Detector 

 X-rays: Energy dispersive spectrometer (EDS) 





Secondary electron (SE) images 
Secondary electrons are low energy electrons formed by inelastic scattering and have 
energy of less than 50eV. The low energy of these electrons allows them to be 
collected easily. This is achieved by placing a positively biased grill on the front of the 
SE detector, which is positioned off to one side of the specimen. The positive grill 
attracts the negative electrons and they go through it into the detector. This is the case 
for the Everhart-Thornley detector which is most commonly used but there is another 
kind of In-lens SE detector in some machines. The major influence on SE signal-
generation is the shape (topography) of the specimen surface 

Backscattered electron (BSE) images 
Backscattered (BS) electrons are high-energy electrons (>50 eV) from the primary 
incident beam that are ejected back out from the sample. These BSE are used to 
produce a different kind of image. Such an image uses contrast to tell us about the 
average atomic number of the sample. For example, a grain of sand that is made up of 
a titanium mineral looks whiter than a grain made of a silicon material (Ti versus Si). 
There is a difference in contrast between the grains labelled Si and Ti whereas in 
images taken using secondary electrons, there is no difference in contrast between 
these grains. The sample is a mixture of mineral sand. 

SE & BSE images 

http://www.ammrf.org.au/myscope/sem/practice/principles/imagegeneration.php
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Chemistry Images: Harald Fjeld, UiO 



In-situ imaging 
• A modern SEM can be equipped with various 

accessories, e.g. a hot stage  




































