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information arranged by SE

high resolution

high depth of field

3-dim imaging

simple preparation of specimens

possibility of massive specimen 
analysis

specific advantages: 

• possibility of another signals using

• possibility of electronic processing of
information
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�� SourceSource ofof electronselectrons-- ®®
cathodecathode

�� electronelectron beam focusing
®® systemsystem ofof magneticmagnetic
lenseslenses

�� scanningscanning ofof electronelectron
beambeam on  specimen on  specimen surfacesurface
®® scanningscanning coilscoils

�� specimen specimen chamberchamber

�� detectordetector ofof secondarysecondary
electronselectrons ((systemsystem: : 
scintillatorscintillator –– lightlight guideguide--
photomultiplierphotomultiplier))
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������ �	��
� Primary vacuum – cca 
0.1 Pa ® rotary or
membrane vacuum pump

� Secondary vacuum –
10-9 Pa ® diffusion, 
turbomolecular or ion 
pump
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Interaction between e- and solid matter ���� SE, BSE, rtg emission
Each of signals � specific information about specimen
Different characteristics in the differennt points of specimen 
surface (topography, chemical composition, structure, electric or
magnetic properties,…) ���� different interaction in these points
SEM image formation: a screen brightness modulation by an
output signal of the detector
And so:
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For example: different structure parts emit a different density of SE
�� differencesdifferences betweenbetween signalsignal levellevel �� differencesdifferences betweenbetween
brightnessbrightness ofof screenscreen pointspoints �� thethe contrastcontrast
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�� ChemicalChemical ((compositionalcompositional , , atomicatomic numbernumber ) ) contrastcontrast ® using
back scattered electrons BSE (emission of BSE is proportional to 

proton number Z – is increasing with Z) � phase resolution
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�� TopographicTopographic ®®

has a complex origin with
strong number and trajectory
components of both BSE 
and SE 

® number and trajectories
of BSE and the number of
SE (the efficiency of SE 
emission d) depend on the
angle of incidence 
between beam and the
specimen surface
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EverhartEverhart--ThornleyThornley detedetecctortor
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Topography of
specimen surface
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Phase
differentation in 

the structure
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SESE – topographic contrast BSEBSE – chemical contrast
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SESE – topographic contrast BSEBSE – chemical contrast
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• SE detector working at low
vacuum conditions in the
specimen chamber

• perfect imaging of the
specimen surface topography

• study of non-conductive and
water containing specimens

• imaging of low atomic
number materials structure
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Fracture surface of polypropylen – image using BSE (on the
left) and using LVST detector (on the right)
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�� WD WD -- workingworking distancedistance
�� HV   HV   -- highhigh voltagevoltage
�� Spot Spot sizesize
�� BeamBeam focusationfocusation
�� Specimen Specimen angleangle
�� Specimen Specimen chargingcharging
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Effect of atomic number

Option of
accelerating
voltage
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Beam focusation

Spot size
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Specimen angle

Effect of
specimen 
charging
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Edge effect

Non-conductive impurity
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RESOLUTION modeRESOLUTION mode
maximalmaximal resolutionresolution

DEPTH modeDEPTH mode
excellentexcellent depthdepth ofof fieldfield
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WIDE FIELD modeWIDE FIELD mode
-- widewide microscopicmicroscopic fieldfield

andand excellentexcellent depthdepth ofof fieldfield

RESOLUTIONRESOLUTION

DEPTH DEPTH 


