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1. Understand the contrast in the experimental micrographs.

2. Determine the best imaging conditions at which the 
experimental micrographs should be acquired.

Basic Stages in Simulating HRTEM Micrographs:

1. Build a model of the specimen = atom coordinates X,Y,Z

2. Propagate the electron beam through the specimen - Bloch wave or 
Multislice methods.

3. Propagate the electron beam through the optical system - CTF.

4. Generate the final image.
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= Solution of Schrödinger's equation for electrons traveling 
in a periodic potential field.



-8-

Main advantages of the method:

✓ Relatively fast calculation.

✓ Good way to estimate the reliability of the 
simulation (repetition of the simulation for more 

reflections and check the result didn’t change).

 Good for simulating only periodic structures.

Main disadvantage of the method:
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1. divide the sample up into thin slices

2. project the potential of a slice onto a plane 
within that slice: this a phase grating

3. calculate the amplitudes and phases of all the 
beams resulting from the incident beam 
interacting with the projected potential

4. propagate these beams through the 
microscope until they reach the next slice

5. Calculate a new set of beams

= Cut the sample into thin slices perpendicular to the beam direction +
Calculation of the electron wave function passing through each slice
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Main advantage of the method:

✓ Good for simulating any structure

 Relatively slow calculation.

Main disadvantage of the method:
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➢ JEMS or EMS - P. Stadelmann - there is a student version

• https://www.jems-swiss.ch/Home/jemsSE/jemsSEv4_8231u2019.htm

➢ QSTEM - C.T. Koch - FREE

• https://www.physics.hu-berlin.de/en/sem/software/software_qstem

➢ NCEMSS - R. Kilaas
• http://ncem.lbl.gov/frames/source/software.htm - not sure if still available

➢ clTEM - FREE

• https://jjppeters.github.io/clTEM/

and many more …

o VESTA - Koichi MOMMA / Visualization for Electronic and Structural Analysis - FREE

• https://jp-minerals.org/vesta/en/

https://www.jems-swiss.ch/Home/jemsSE/jemsSEv4_8231u2019.htm
https://www.physics.hu-berlin.de/en/sem/software/software_qstem
http://ncem.lbl.gov/frames/source/software.htm
https://jjppeters.github.io/clTEM/
https://jp-minerals.org/vesta/en/
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~ 0.802 [nm] 

~ 0.802 [nm]

Simulated using molecular 
dynamics (EAM)

1.604 / 3.208 / 4.812 [nm]
4                8               12      unit cells

Amorphous layer

pure Crystalline layer

Amorphous layer
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* L.J. Allen, W. McBride, N.L. O'Leary and M.P. Oxley, Ultramicroscopy, 100[1-2]: 91-104, 2004.-14-
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Two Methods For Cs Correction:

Combining both is the best !!!

Hardware = CEOS Cs corrector Software = Exit wave reconstruction
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* G. Mobüs and M. Rühle, Ultramicroscopy, 56[1-3]:54-70, 1994.
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Oxygen

Aluminum

Df = -64nm



* http://mtrmika.technion.ac.il/yaron/hrem-dima/
P.A. Stadelmann, Ultramicroscopy, 21[2]: 131-145, 1987.-19-
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Total number of atoms: 57,000

X-Y directions – periodic boundary conditions
Z direction – free boundary conditions.
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