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Abstract: The three-dimensional (3D) characterization of dislocations is the basis for fully understanding the characteris-
tics and behaviors of dislocations. In this article, the 3D dislocation characterization techniques based on the synchrotron ra-
diation X-ray, the focused ion beam-electron channeling contrast imaging system and the transmission electron microscopy
(TEM) are reviewed, with the emphases on the TEM-based methods such as atomic resolution, stereo pair and tilt-series
reconstruction of dislocations. The spatial resolution, capability of quantification and coupling of parameters in all these
methods are compared and discussed. A novel TEM-based tomographic crystallography method which can simultaneously,
quantitatively and precisely characterize the geometric and crystallographic parameters of 3D dislocation structures is also in-
troduced. Further, the technical trends and characteristics of the 3D dislocation characterization techniques in the future are
foreseen and summarized.
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Fig. 1  Characterization methods of dislocations at different length scales; (a) optical microscopy image after surface corrosion' %! , (b) optical mi-

croscopy image after decoration'? , (¢) X-ray topography image

] , (d) SEM-electron channeling contrast image[4] , (e) TEM diffrac-

tion contrast image, (f) 3DAP image[s] , (g) FIM image[z] , (h) HRTEM image[6]
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Schematic diagram of the experimental setup for topo-tomographic data acquisition (a) 7, topograph (b) and 3D reconstruction (c)
images of dislocations in the synthetic diamond crystall”) ; schematic of atomic configuration of a screw dislocation (d) (1], the evolu-
tion of morphology (e) and internal dislocation structure (f) within a calcite crystal during growth and dissolution, respectively, indi-

vidual dislocations represented by colored shapes in Fig. 2f (1
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Fig. 3 3D observation of dislocations in a Ni-based superalloyngJ : (a) ECC image of a representative crosssection from sectioning series,

(b) 3D reconstruction image of dislocations
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Fig. 4 3D reconstruction images of the dislocations in a Pt nanopau‘ticlf:LZOJ : (a, d) projections of the reconstructed images from different direc-

Fig. 5

tions; (b, ¢) two adjecent slices from the reconstructed edge dislocations corresponding to the dashed line region in Fig. 4a, in which the
red dots represent the position of the atoms, the Burgers vector of the edge dislocation determined to be 1/2[011]; (e) a slice from the
reconstructed screw dislocation corresponding to the dashed line region in Fig. 4d, in which the red and green dots are in the bottom and
top layer, respectively; (f) surface rendering of the screw dislocation, the Burgers vector of the screw dislocation determined to be

1/2[011], and the width of the screw dislocation was estimated to be ~8.9 nm
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R LA ISR R =R T EMIB YL (a, b) SRR ST, IR 1/2]1-10], 18 5a i &
SR X R R L e AEAE B Sh IR AR T R A A ROR T 12 BT (LS IT IR R ), BIEARRECABOE ; (e, DN
ANTE 51 EEEBI 3 AL, LIARIBIGERR, fTLE 2% B AT
3D atomic reconstruction images of a dislocation-type grain boundary ( GB) in nanoporous guldLZIJ : (a, b) 3D reconstruction of a disloca-
tion-type GB, Burgers vector of the dislocations determined as 1/2[ 1-10], inset in Fig. 5a corresponded to fast Fourier transformation pat-
tern, inset in Fig. 5b emphasizes the atoms with coordination numbers other than 12 (fcc) in the GB, the GB atoms colored according to their

coordination numbers; (c, d) projections of the three dislocations 1, 2 and 3 viewed along different directions, jogs and kinks directly ob-

served in all dislocations
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Fig. 6  Anaglyphs illustrating the 3D configurations ( red-cyan filtered
glasses are necessary for observation) (a, c¢) and corresponding
3D reconstructions (b, d) of dislocation structues based on ster-
eo pair method: (a, b) dislocation structures in the GaN layer of
InAIN/GaN thin film'®'; (¢, d) dislocation structures in the

Ni-based superalloy”“r
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Fig. 7 Applications of the TEM-based dislocation tomgraphy to reconstruct dislocation structures in GaN thin film (a) [27] 316 austenitic stain-

33)

less steel (b)), single crystal silicon after punching deformation (c) [32] | the vicinity of crack tip in single crystal silicon (d)7)

the 304 stainless steel ()" the Al-Mg-Sc alloy and Al;Sc particle (f) B single crystal olivine (g) 341 Ti-0. 3wt% O (h)

and pure single crystal Mg after deformation (i) (371 note that the dislocations color-coded according to their Burgers vector in Fig. 7i
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Fig. 8

3D reconstruction of dislocations in a quenched Al-Cu-Mg alloywJi : (a) weak beam dark field image of a dislocation boundary, the

inset indicated the corresponding imaging condition; (b) 3D reconstruction image of the dislocation boundary, the dislocations col-

or-coded according to their Burgers vectors; (c¢) 3D reconstruction image of two typical dislocations D1 and D2; (d) 3D recon-

struction of the dislocations D1 and D2 observed from another direction; (e) 3D character mapping of the dislocations D1 and D2
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