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Result is an interference pattern Result is an interference pattern -- our our ‘‘phase contrastphase contrast’’ or or 
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Why are the phases different?Why are the phases different?

Transmitted & diffracted waves are allowed Transmitted & diffracted waves are allowed 
wave functions in the crystalwave functions in the crystal

–– Together they form the Together they form the ““Exit WaveExit Wave”” which leaves which leaves 
the crystalthe crystal

They solve SchrThey solve Schröödingerdinger’’s Equations Equation

Solutions are Bloch Waves:Solutions are Bloch Waves:
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Looking at these Bloch waves:Looking at these Bloch waves:

The total The total ““Exit WaveExit Wave”” is thus the sum over is thus the sum over 
all of the Bloch wavesall of the Bloch waves
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Phase term has to do with the strength  & spacing of 
the periodic potential of the lattice along a given 

direction in the crystal (g) 

Different diffracted waves have different phase shifts
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electron electron 
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waveswaves

So, appears So, appears ““simplesimple”” enough enough ……

(1)(1) Calculate the  phase differences for the different Calculate the  phase differences for the different 
diffracted wavesdiffracted waves

(2)(2) Create an interference pattern from the overlap of Create an interference pattern from the overlap of 
these phases in twothese phases in two--dimensionsdimensions
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Not even this Not even this ““simplesimple””

The TEM has very poor lensesThe TEM has very poor lenses

–– Spherical aberration in Spherical aberration in 
particularparticular

This aberration causes  This aberration causes  
diffracted waves to be diffracted waves to be ‘‘phase phase 
shiftedshifted’’ by the objective lensby the objective lens

–– Complex dependence on Complex dependence on 
wavelength, Cwavelength, Cs,s, diffraction diffraction 
vector and defocusvector and defocus

–– Magnitude of shift varies with Magnitude of shift varies with 
distance from optic axisdistance from optic axis

•• And thus diffraction angleAnd thus diffraction angle

•• Thus each diffracted wave Thus each diffracted wave 
undergoes a different phase undergoes a different phase 
shiftshift

Complicates image Complicates image 
interpretationinterpretation

Spherical aberration
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This means that the phases of the diffracted waves are This means that the phases of the diffracted waves are 
changed by the objective lens focuschanged by the objective lens focus
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Thus, the image you get STRONGLY DEPENDS ON THE FOCUS Thus, the image you get STRONGLY DEPENDS ON THE FOCUS 
CONDITIONCONDITION

A single HREM image The ‘unscrambled’ exit wave
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