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OUTLINE
Introduction to scanning probe imaging

• Electron gun and electromagnetic lenses

• Principles of backscattered and secondary electron emission and their dependence on 
sample composition, topography, voltage, detector position, sample tilt, etc., 

• Resolution and the constraints imposed by aberrations,  beam spreading, signal to noise 
ratio and type of signal 

• Other types of signals, including absorbed  current,  cathodoloumninescence 

• Examples of SEM investigations in materials science 

• Principles of x-ray emission and detection 

• Qualitative and quantitative x-ray analysis for elemental identification and composition 

• X-ray mapping, resolution of energy dispersive  x-ray spectroscopy (EDAX) 

• Electron backscattering patterns: principle, applications for texture and orientation 
measurements, crystallography in the SEM 

• Environmental microscopy, insulating samples 

• Modern high resolution capabilities, field emission SEMs, low voltage operation
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BOOKS

Scanning electron microscopy and x-ray microanalysis
Goldstein et al., (8 authors)

Scanning electron microscopy
O.C. Wells 

Micro structural Characterization of Materials 
D. Brandon and W.D. Kaplan

Also look under scanning electron microscopy in the library. The
metals Handbook and a book on Fractrography by Hull  are 
additional sources of information on metallurgical aspects.
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Conventional Imaging

AA’ is imaged at BB’.  Sin q ~ l/d Optically, lmin ~ 0.5 µ m,  dmin ~ 0.3 µ m

CONTRAST:  Amplitude, Frequency, Phase

DEPTH OF FIELD ~ l/ Sin q ~ l at high magnification, i.e., 0.5 µ m

STEREO: Eyes see slightly different images

LIMITATIONS

Poor resolution for many fine scale materials, Poor depth of field,
Need to polish / etch sample, No compositional information
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TABLE 3.8    SE, BSE yields and ratio of SE 
produced by primary beam to those 
generated by BSE.

d h SEII / SEI

Carbon 0.05 0.06       0.18
Aluminium 0.1         0.16        0.48
Copper 0.1          0.30        0.9
Gold             0.2          0.50        1.5
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