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Simulation of Scanning transmission electron microscope image by
Bloch-wave method

Takao MORIMURA

In a Bloch-wave-based scanning transmission electron microscope (STEM) image simulation, a
framework for calculating the cross section for any incoherent scattering process was formulated by
Allen et al. They simulated the HAADF, BSE, EELS and EDX STEM images from the inelastic
scattering coefficients. Furthermore, a skilful approach for deriving the excitation amplitude and block
diagonalization in the eigenvalue equation were employed to reduce the computing time and memory.
In the present work, we extend their scheme to a layer-by-layer representation for application to
inhomogeneous crystals that include precipitates and atomic displacement. Calculations for a
multi-layer of Si-Sh-Si were performed by multiplying Allen et al.’s block-diagonalized matrices.
Electron intensities within the sample and EDX STEM images were calculated at various conditions.
From the calculations, 3-dimensional STEM analysis was considered.
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Fig.1 Scheme of the multi-layer sample. t, and z,
are the n-th layer thickness and depth from the

n-th layer surface, respectively 2.
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Fig.2 Calculated electron intensities in the stack
composed of Si, Sb and Si layers whose thicknesses are
45, 10 and 45 A, respectively. The calculations were
performed in the spherical aberrations of 0.1 mm (a),
0.01 mm (b) and 0.001 mm (c) with Scherzer focuses

and optimal cut-off apertures 2.
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Fig.3 Calculated electron intensities in the stack composed
of Si, Sh and Si layers whose thicknesses are 45, 10 and 45
A, respectively. The calculations were performed at the
defocuses of -100 A (a), -80 A (b), -60 A (c), -40 A (d), -20
A (e)and 0 A (f) 19,
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Fig.4 Calculated electron intensities in the stack composed
of Si, Sh and Si layers whose thicknesses are 45, 10 and 45
A, respectively. The calculations were performed at the
defocuses of -100 A (a), -80 A (b), -60 A (c), -40 A (d), -20
A (e)and 0 A (f) 19,
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Fig.5 Probe line-scan simulation of SiK and SbL EDX

signals in the stack composed of Si, Sb and Si layers whose

thicknesses are 45, 10 and 45 A, respectively 9.
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Fig.6 Calculated EDX STEM image simulations for [110]
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Fig.7 Probe line-scan simulation of SiK and SbL EDX
signals in the stacks composed of Si, Sb and Si whose
thicknesses are 30, 40 and 30 A in (a), and 45, 10 and 45
A in (b), and 49, 2 and 49 A in (c), respectively. The
calculations were performed for spherical aberration
0.001 mm and optimal cut-off aperture 2.40 A 0,
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