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Transmission electron microscopy (TEM) is a powerful tool for material science characterisation due to
its high spatial resolution. Coherent diffraction imaging (CDI) [1] is a "lensless" method that forms an
image of an object by solving the phase problem from a single diffraction pattern with an iterative
phasing algorithm. This approach can, in principle, overcome the current image resolution limiting
factors and ultimately achieve wavelength-limited resolution. However, conventional CDI experiments
require isolated samples and a priori knowledge about the sample shape or extent. Maiden and
Rodenburg suggested an extended ptychographical iterative engine (ePIE), which does not need this
prior information and overcomes many of the other issues of CDI, such as convergence stagnation and
limited field of view. Recently, two-dimensional (2D) ptychographical reconstructions at atomic lateral
resolution [2] have been achieved using ePIE [3] on a CeO, nanoparticle. However, when the sample
becomes thicker, the multiplicative assumption of electron-sample interaction becomes invalid causing
the ptychographical reconstruction to breakdown. To overcome this limitation, Maiden et al.
incorporated the well-known multiple slice solution to multiple scattering into the ePIE algorithm (3PIE)
[4]. In this approach the sample is split into axial sections, to produce 3D optically sectioned images of
the sample. This 3D multiple-section reconstruction of ptychography has been successfully
demonstrated with both light [4] and X-ray [5] optics recently. However, this method is still a challenge
for use with the electrons.

In this work, firstly we will demonstrate the possibility of achieving 2D phase reconstructions of
nanoparticles (LaBg) at sub-Angstrom resolution using the ePIE algorithm, as shown Fig. 1. Secondly
we will show a successful 3D reconstruction of nanostructured materials using 3PIE [4] based on the
multislice approach for the first time. The 3D experiment shown in Fig. 2 a) was carried out at 60kV
using a (S)TEM Titan® instrument fitted with a field emission source. The probe-forming aperture with a
semi-angle of 22 mrad was used and 400 diffraction images were acquired. Using the 3PIE
reconstruction algorithm we were able to obtain the complex object function of the sample at multi-
slices along the sample thickness direction as shown in Fig. 2 c¢). The reconstructed 3D information of
the sample is consistent with its TEM image as shown in Fig. 2 b) [6].
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Figure 1. a) HAADF image of a LaBg crystal; b) reconstructed phase of a LaBg crystal; ¢) Projected
atomic models of LaB¢ along <210>.
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Figure 2. a) A schematic of the electron optical geometry used for 3D ptychography. The electron beam
propagates through two CNT bundles at different sample heights along the optical axis and far field
diffraction patterns are recorded. b) Conventional TEM image of CNTs; ¢) Reconstructed phase of one
of the slices showing the upper CNT.
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