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Abstract: Understanding the structure-property relationship in functional materials is crucial as microstructural features such

as nano-precipitates, phase boundary, grain boundary segregation, and grain boundary phases play a key role in their functional

properties. Atom probe tomography (APT) is an advanced analytical technique that allows for the three-dimensional (3D)

mapping of atomic distributions and the precise determination of local chemical compositions in materials. Moreover, it offers

sub-nanometer spatial resolution and chemical sensitivity at the tens of parts per million (ppm) level. Owing to its unique

capabilities, this technique has been employed to uncover the 3D elemental distributions in a wide range of materials, including

alloys, semiconductors, nanomaterials, and even biomaterials. In this paper, various kinds of examples are introduced for

elucidating structure-property relationships on functional materials by utilizing the atom probe tomography.
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Fig. 1. Specimen preparation methods using (a) electro-polishing and (b) focused ion beam for atom probe experiment.
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Table 1. The composition of the B2 precipitates and BCC matrix (unit: at%).
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Al Fe Co Cr Mn
B2 25.8+0.5 10.5+£0.4 39.4+0.6 4.94+0.3 19.4+0.5
BCC 4.9+0.1 27.6£0.3 12.7£0.2 30.3+£0.3 24.6+0.3

Fig. 2. (a) Dark field TEM image of Alo.i(FeCoCrMn)os alloy showing B2 superlattice region. (b) 3d atom map of Alo.1(FeCoCrMn)o. alloy
including iso-concentration surfaces of 25 at% Co (each dots represent detected atoms). Extracted volume showing atom maps from (c) BCC
matrix and (d) B2 nano-precipitates. (f) Proximity histogram across nano-particles. Calculated elemental magnetic moments for (g) BCC, and

(h) B2 phases.
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Ms tota1=Ve2Ms B2+ VeceMs pee (2) [18]
Mq ota: Saturation magnetization of the alloy, V!
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Fig. 3. (a) 3d atom map of ZrCu multilayered thin film including iso-concentration surfaces of 55 at% Zr. (b) Cross-sectional 3d atom map
with the iso-concentration surfaces. 2d contour plots for (¢) Zr and (d) Cu. (e-h) 1d concentration profiles across the slip bands [arrows in (b)].
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Fig. 6. (a) Illustration of site-specific APT specimen fabrication procedure by using Co electrodeposition. (b) Cross-sectional SEM image after
electrodeposition. (c,d) STEM images of prepared APT specimens. 3D atom maps of (e) PtMn/C and (f) PtsMn/C, including iso-concentration
surfaces of 2.5 at% C and 4 at% Pt. Sectioned maps displaying Pt (red) and Mn (green) atoms and corresponding 1D concentration profiles

along the orange arrows in (g,i) PtMn/C, and (h,j) PtsMn/C nanoparticle.
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