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HRTEM image simulation of short range ordered Ni,Mo

Toshitsugu MITATE",

Satoshi HATA™**, Noriyuki KUWANO™***,

Daisuke SHINDO****, Syo MATSUMURA***** and Kensuke OKI**

High resolution transmission electron microscope (HRTEM) images of short range order (SRO) in Ni,Mo
were investigated by means of multi-slice image simulation with various observation conditions. An
energy-filtered field emission TEM (EF-FETEM) and a conventional TEM (CTEM) with accelerating voltage
of 200kV were assumed in the simulation. In case of the EF-FETEM, the dot-contrast related to the fun-
damental fcc lattice and the SRO structure is imaged clearly over wide ranges of specimen thickness f and de-
focus distance Af. The obtained images of SRO sensitively depend on the values of { and Af, which can be in-
terpreted in terms of the whole or partial projected potential of atom columns. For the CTEM, on the other,
hand, the ranges of ¢ and Af in which the fec lattice is imaged are limited due to less contribution of higher
order reflections to the image. It is difficult to analyze the SRO structures in atomic level from the HRTEM

images when the image contrast of the fcc matrix is weak.
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Fig. 1  Calculated amplitudes of the transmitted beam, the

11/20 and 3/210 SRO diffuse scattering and the 200
fundamental reflection under the [001] zone axis
incidence, as a function of the foil thickness
(number of slices) .

Table 1 Parameters for multi-slice image simulation

Microscope Energy-Filtered Field Emission TEM Conventional TEM
Accelerating voltage 200 kV 200 kV
Number of beams 260X 260 260X 260
Radius of object aperture 0.6 nm™? 0.6 nm™*
Spherical aberration coefficient (Cs) 1.0 mm 1.0 mm
Defocus due to chromatic aberration (4) 0 nm (for zero-loss imaging) 6.0 nm
Beam convergent semi-angle (@) 0.3 mrad 0.6 mrad
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Calculated [001] HRTEM images of SRO in NisMo with 15.48 nm (43slice) in foil thickness

assuming an EF-FETEM (a) , their Fourier power spectra (b) and processed images (c) .

Dots in (¢) represent the locations of brighter dots in (a) .

Mo concentration in atomic

columns (d- 1), Ni-enriched columns (d-ii) and Mo-enriched columns (d-iii). Simulated
diffraction pattern for 15.48 nm in foil thickness (e) .
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Fig. 3 Defocus distances where Ni-enriched O or

Mo-enriched (@) columns are imaged as brighter
dots in the simulated HRTEM images.
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Fig. 4

Projected potential of the whole system (1-43 slices) (a), upper part (1-21 slices) (b) and bottom

part (22-43 slices) {c). Black dots in (i) and (ii) denote Ni-enriched and Mo-enriched
columns, respectively. Processed HRTEM images at Af = —10(iii), —30(iv), —60(v) and —

185 nm (vi).

Black dots in (iii) ~ (iv) denote the brighter dots in the original images.
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200 kV-CTEM, ¢ = 15.48 nm (43 slices)
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Fig. 5  Calculated [001] HRTEM images of SRO in NisMo with 15.48 nm (43 slice) in foil thick-
ness assuming a CTEM (a) , their Fourier power spectra (b), Mo concentration in atomic
columns (¢), and simulated diffraction pattern for 15.48 nm in foil thickness (d) .
Table 2 Coincidence in the SRO contrast between the simulated HRTEM images and projection
views of the SRO strcture, in use of EF-FETEM being assumed.
Image at Image at Image at Image at
Af= —10nm | Af= —30 nm | Af= —60 nm | Af= —185 nm
Projection view of whole system (1-43 slices) . @) O O O
Projection view of upper part (1-21 slices) . O X O O
Projection view of bottom part (22-43 slices) . O O O X
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