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I Off-axis electron holography experiments and data processing

Off-axis electron holography is a powerful technique for measuring the phase shift of an electron wave in the
transmission electron microscope. The phase shift is, in turn, sensitive to magnetic and electric fields within and
outside a region of interest on the specimen. Supplementary Fig. 1a shows a schematic diagram of the typical setup
for the TEM mode of off-axis electron holography. Parts of the electron wave that have passed through vacuum and
through the specimen are allowed to overlap, resulting in the formation of interference fringes. Supplementary Fig. 1b
shows a representative off-axis electron hologram recorded from region R1 in an AlCo0.5Cr0.5FeNi high-entropy alloy.
Supplementary Fig. 1c shows a Fourier Transform of the off-axis electron hologram, containing a centerband and two
sidebands. A circular mask with smooth edges is applied to one of the sidebands. Inverse Fourier transformation of
the sideband is then used to provide a complex image wave, from which a phase image can be calculated, as shown
in Supplementary Fig. 1d.

Assuming that dynamical diffraction and fringing fields outside the specimen can be neglected, if V(x) and B(x)
do not vary in the specimen in the incident electron beam direction then the phase shift measured using off-axis
holography can be written in the form

φ(x) = CEV (x)t(x) − e

~

∫
B⊥(x)t(x)dx, (1)

where V is the electrostatic potential and B⊥ is the in-plane component of the magnetic induction. In the absence of
electron-beam-induced charging and long-range charge redistribution, the electrostatic potential is dominated by the
mean inner potential of the specimen. In order to remove the mean inner potential contribution to the phase shift,
in the present study we turned the specimen over and recorded a second off-axis electron of the same region of the
specimen, as shown in Supplementary Figs 1d and 1e. Half of the sum and half of the difference between each such
pair of holograms were then used to determine the mean inner potential and magnetic contributions to the phase
shift, as shown in Supplementary Figs 1e and 1f, respectively2–4.

II Microstructure and chemical composition

Atom probe tomography measurements of the chemical compositions of A2 precipitates and the B2 phase are shown
in Supplementary Fig. 2. The B2 phase is Al-Ni-rich, whereas the A2 precipitates are Fe-Cr-Co-rich. The chemical
composition and microstructure of the shell around the A2 precipitates, which are shown in Supplementary Fig. 3 and
Supplementary Fig. 4, indicate the presence of a 7-nm-thick transition layer at the interface between the B2 matrix
in region R1 and the A2 gen-1 islands in region R2. Atomic-resolution HAADF STEM images are consistent was a
A2 structure for the shell. The results confirm that the B2 matrix in region R1 is Al-Ni-Co-rich, whereas the A2 shell
is Fe-Co-rich and the A2 gen-1 phase in region R2 is Fe-Cr-Co-rich.
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Supplementary Figure 1. Illustration of approach used for off-axis electron holography experiments and data
processing. (a) Schematic diagram of electron optical setup for off-axis electron holography1. (b) Representqtive off-
axis electron hologram recorded from region R1 in the AlCr0.5FeCo0.5Ni HEA. (c) Fourier Transform of the off-axis
electron hologram shown in (b), containing a centerband and two sidebands. A circular mask with smooth edges
(marked by a red circle) was applied to one of the sidebands. (d) Reconstructed total phase shift image. (e) Similar
reconstructed total phase shift image recorded from the same region after turning the sample over. (f) Mean inner
potential contribution to the phase shift obtained by aligning the phase images in (d) and (e) in angle and position
and evaluating half of their sum. (g) Magnetic contribution to the phase shift obtained by aligning the phase im-
ages in (d) and (e) in angle and position and evaluating half of their difference.

III 3D reconstruction of region R1 using STEM tomography

The three-dimensional shapes of the A2 gen-2 precipitates and their distribution in the B2 matrix in the
AlCr0.5FeCo0.5Ni HEA were studied using annular dark-field (ADF) STEM tomography. A tilt series of ADF
STEM images was recorded over a specimen tilt range of -70° to +70° with a tilt increment of 5° between -50° and
+50° and 2.5° otherwise5,6. The tilt series was recorded automatically using FEI tomography software version 4.0,
with the dynamic focus function calibrated and enabled. Each ADF STEM image had a size of 2048 × 2048 pixels
with a pixel size of 0.19 nm. The electron beam convergence semi-angle was 24 mrad and the inner collection semi-
angle of the ADF detector was 43 mrad. The ADF STEM images were aligned using cross correlation and binned by
a factor of 4. Tomographic reconstruction was carried out using the simultaneous iterative reconstruction technique
with 100 iterations. Image alignment and reconstruction were performed using FEI Inspect3D software version 4.1.2.
Visualization of the three-dimensional reconstruction was carried out using FEI Avizo software version 9.0. Slices
showing the top, front and left sides of the reconstruction are shown in Supplementary Figs 5a-c, respectively. The
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Supplementary Figure 2. 3D atom probe tomography of region R1 in the AlCr0.5FeCo0.5Ni HEA. (a-c) Recon-
structions of A2 gen-2 and gen-3 precipitates in the B2 matrix in region R1. Fe-Co-rich shells form around the A2
gen-2 precipitates. Colors in the figure correspond to Al (red), Co (blue), Cr (black), Ni (green) and Fe (magenta).
(d) Compositional profiles of Al, Co, Cr, Fe and Ni across A2 gen-2 precipitates and the B2 matrix. Fe and Co en-
richment is visible at the interface region of the two phases. (e) Elemental compositions in the A2 gen-1, A2 gen-2
and A2 gen-3 regions and the B2 matrix measured using atom probe tomography.

A2 gen-2 precipitates (yellow) have close-to-spherical shapes, diameters of between 50 and 100 nm and are distributed
randomly in the B2 matrix (blue). Supplementary Fig. 5d shows a 3D visualization of the reconstruction.
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Supplementary Figure 3. Chemical composition of the A2 shell between the B2 phase in region R1 and the A2
gen-1 phase in region R2 in the AlCr0.5FeCo0.5Ni HEA. (a) Combined HAADF STEM image and Al, Cr, Fe, Co
and Ni EDX maps. (b-f) Individual EDX maps for Co, Fe, Ni, Al and Cr. The scale bar in each image is 10 nm.
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Supplementary Figure 4. (a) High resolution HAADF STEM image of an R2 region and a A2 shell in an
AlCr0.5FeCo0.5Ni HEA, showing an approximately 7-nm-thick transition layer between A2 gen-1 islands and the
B2 matrix. (b-c) Nano beam electron diffraction patterns recorded from Regions containing the B2 phase and the
A2 gen-1 phase. (d-f) Atomic-resolution HAADF STEM images of the B2 phase in region R1, the A2 shell and the
A2 gen-1 phase in region R2, respectively.
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Supplementary Figure 5. Three-dimensional reconstruction of A2 gen-2 precipitates in the B2 matrix in region
R1 using ADF STEM tomography. The A2 gen-2 precipitates are shown in yellow, while the B2 matrix is shown in
blue. The reconstruction is viewed from the top in (a), from the front in (b), from the left in (c) and in the form of
a 3D visualisation in (d).
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