
 

 

 

SUPPLEMENTARY INFORMATION 

Direct observation of dislocation motion in the complex alloy T-Al-Mn-Fe using in-situ 

transmission electron microscopy 

 

Marc Heggen, Michael Feuerbacher, Rafal E. Dunin-Borkowski 

Ernst Ruska-Centre for Microscopy and Spectroscopy with Electrons,  

Forschungszentrum Jülich GmbH, 

D-52425 Jülich, Germany 

 

The T-Phase and the structure of MD defects: T-Al3Mn and its isostructural ternary extensions 

T-Al-Mn-Fe and T-Al-Mn-Pd are CMAs with 156 atoms per unit cell, an orthorhombic 

structure (space group Pnma), and with lattice parameters a = 1.48 nm, b = 1.24 nm and c = 

1.25 nm [1–5]. Figure 1 a shows a representation of the T-Al-Mn-Pd unit cell (blue rectangle) 

projected along [0 1 0] [6,7]. The T-phase is often represented by structural subunits in the form 

of area-filling, elongated hexagon tiles (white and yellow polygons in Figure 1 a), arranged in 

rows of alternating orientation. This tiling representation is superimposed to a high-resolution 

high-angle annular dark field (HAADF)-STEM image of the T-Al-Mn-Pd phase at the right-

hand side of Figure 1a. Figure 1 b shows a HAADF-STEM image of a MD in T-Al-Mn-Pd[6], 

the core of which is represented by a green polygon. Motion of the MD – in this example from 

right to left – is escorted by bow-tie shaped tiles (red), which change the stacking sequence of 

the hexagons in front of the core. The bow-tie shaped tiles represent defects characteristic for 

CMAs and quasicrystals, referred to as phason defects or phasons. Phasons are linear defects 

that do not involve a strain field but refer to local deviations from the ideal structure that can be 

represented by a rearrangement of tiles.  



In its wake the MD trails a (1 0 0) planar defect, which can be described as a slab of R-

phase, and is represented by a parallel arrangement of hexagonal tiles. It is a characteristic 

feature of MDs that in a given structure they exist in variants with different Burgers vector 

length. The Burgers vector lengths of the variants are scaled by powers of , the number of the 

golden mean, i.e. they represent hierarchies of irrational partial dislocations in the structure. 

The MD shown in Fig. 1b has a −�����0 0 1	 Burgers vector (red arrow in Figure 1b), 

where  is the number of the golden mean. This Burgers vector lies in the plane of motion, i.e. 

the MD moves by pure glide and creates a (0 0 1) stacking fault in its wake. MDs moving by 

other types of motion, i.e. by pure climb or mixed glide/climb were observed in T-Al-Pd-Mn 

and other CMA structures[7,8].  

 

 

 

Figure S1 a) Structure model and high-resolution HAADF-STEM micrograph of T-Al-Mn-

Pd/Fe along the [0 1 0] direction. Atom positions are represented by blue (Pd or Fe), red (Mn), 

green (Al), and olive spheres (mixed Al and Mn occupation). The unit cell is outlined by a blue 

rectangle. White and yellow hexagons are used as a tiling representation. b) HAADF-STEM 

micrograph of a MD (green polygon) with a (1 0 0) planar defect represented by a parallel 

arrangement of hexagons (white hexagons at the right). The MD core is escorted by phason 

defects (red bow-tie shaped tiles). 

 

 



 

 

 

 

Figure S2: Scanning electron micrographs of the T-Al-Pd-Fe deformation sample during 

different stages of the FIB preparation process.  

 

 

 

 

Figure S3: Dark-field TEM image of dislocations and stacking faults, created at the edge of the 

FIB lamella. 

 

 



 

Figure S4: a) High-resolution TEM image of the T-Al-Pd-Fe structure and corresponding 

electron-diffraction image of the sample area. b) High-resolution TEM image of a defect in T-

Al-Pd-Fe taken from the image series in Figure 2 and movie 2 and corresponding fast-Fourier-

transform image obtained on an FEI TITAN microscope. b) High-resolution TEM image of a 

defect in T-Al-Pd-Fe taken from movie 4 and corresponding fast-Fourier-transform image 

obtained. White rectangles indicate the unit cell. 

 

 

 
Figure S5: a) High-resolution TEM image of the in-situ heating experiment (Figure 2 a) in 

comparison with tiling model of the alternating motion along- [1 0 1] and -[0 0 1] direction. 

The unit cell is indicated by a blue rectangle.  

 

 



 
 

Figure S6: a) Bright-field TEM image showing stacking faults and demonstrating the typical 

strong bending of the FIB lamella sample during in-situ heating.  

 

 

 

Movie 1 was taken at 645°C under Bragg-contrast conditions on a FEI Tecnai F20. The edge 

length of the image frame is 500nm. The image frequency is 0.67 frames/s. 

 

Movie 2 & 3 were taken at 565°C on a image-corrected FEI TITAN. The image frequency is 

0.31 frames/s 

 

Movie 4 was taken at 640°C on a FEI Tecnai F20. The edge length of the image frame is 

145nm. The image frequency is 1.1 frames/s. 

 

Movie 5a & 5b illustrate a single step of motion of the MD shown in Figure 4a. The 

animation uses two superimposed HAADF-STEM images shifted by one lattice constant. 
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