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Off-axis electron holography is a powerful technique that allows for the phase and amplitude of the
electron wave function to be reconstructed from single transmission electron microscope (TEM)
images recorded with the aid of an electrostatic biprism. The complex reconstructed data can yield
quantitative information about the specimen, including electric and/or magnetic field distributions
and variations in structure or composition [1]. The final resolution of the reconstructed phase (or
amplitude) is governed by both experimental and reconstruction parameters; modern microscopes
can provide experimental reconstructions with phase resolutions of 27/1000 [2].

Recent work has investigated the effect of experimental and reconstruction parameters on phase- and
amplitude-noise, primarily from a theoretical basis via simulations [3]. One of the key elements that
define the phase- and amplitude-noise is the number of electrons contributing to the hologram.
However, this number is not easily extracted from an experimentally obtained digital image. In
Gatan’s DigitalMicrograph, a conversion factor is used to convert the experimental pixel values,
P;, , with m, n defining the pixel position, into electron counts, P, ,. This approach implies a
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and P, , according to:

P = Lo (1)
’ g

with the parameter g being the conversion factor. It is important to note the g actually does not
impact the noise in the reconstructed phase/amplitude, noise measured as normalized standard
deviation for the amplitude and as standard deviation for the phase. However, in order to compare
the simulated noise data with the experimental data, it is necessary to determine g. Only then can the
camera parameters that increase the amplitude- and phase-noise in the reconstructed data be
evaluated.

simple correlation between P

As discussed in [3], the conversion factor g can, e.g., be derived from two consecutive holograms
with no object as:
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where o is the phase- or (normalized) amplitude-noise, u is the fringe contrast, M is the number
of pixels in the reconstruction, 7 is the radius of the reconstruction aperture and j is either 1 or 0
depending on whether or not a reference image has been used (see Ref. [3] for discussion).

In this work, we consider if and how g varies as a function of the experimental and/or reconstruction
parameters, i.e., incident current density, fringe spacing and size of reconstruction aperture. Thus we
can explore the effect of the CCD camera on electron holograms recorded at a variety of different
conditions, focusing on how the number of counts in the hologram relate to the number of electrons
recorded. For example, Fig. 1 presents a plot showing how g varies as a function of the fringe
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sampling s, where s is defined as the number of pixels per fringe, for three different values of
(P, ,» (CCD binning factor 2). Fig. 2 presents a plot of g as a function of s for different CCD
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camera binning factors and constant ( P;, ,) (note that the data shown in Figs. 1 and 2 were
collected on different microscopes using the same type of CCD camera) [4].
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. Fig. 1: Conversion factor between image
o counts and electrons, g, as a function of
fringe sampling, s, for different mean
image counts, <P¢ > (binning 2).
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Fig. 2: Conversion factor between image
counts and electrons, g, as a function of
—+— dmingz  fringe sampling, s, for different binning
(constant <P¢, >).
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