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Off-axis electron holography provides access to the phase of the elastically scattered wave in a
transmission electron microscope by formation of an interference pattern at the image plane
(hologram) encoding amplitude and phase therein [1]. Quantitative interpretations of
experimental phase shifts retrieved from these holograms additionally require the knowledge
of the noise transferred through the detection and holographic reconstruction process. Only for
the special case that assumes homogeneous samples, uncorrelated Poissonian distributed
noise and a special reconstruction aperture corresponding to the real-space reconstruction
scheme [2], noise transfer formulas were derived by F. Lenz [3]. Here, we present a general
noise transfer formalism for off-axis electron holography providing access to the final
covariance matrix of amplitude and phase for arbitrary objects and reconstruction apertures.
As an initial condition, we need the covariance matrix of the detected hologram, which is
determined by the noise transfer properties of the detector. This covariance is estimated by
the recently developed noise spread function (NSF) [4, 5] using suitable approximations. To
the general reconstruction formulas, we apply error propagation describing the transfer of the
estimated covariance matrix of the acquired hologram into the reconstructed amplitude and
phase images. We show that our derived formulas agree with the Lenz model [3], if the
corresponding conditions are assumed. For the general case, we experimentally verify the
presented noise transfer formulas for two different cameras (Gatan 1024x1024 CCD cameras
of model MSC 794 equipped with different scintillators) with and without object. We compare
the theoretically determined noise with experimentally measured noise, which is obtained by
statistical evaluation of various hologram series. In Figure 1 the variances of amplitude (a) and
phase (b) of empty holograms in dependence on the size of the reconstruction aperture q0 are
depicted for two different cameras and show good agreement between experiment (dashed
red) and theory (solid blue) within the errors. The off-diagonals of the covariance matrices of
amplitude (c) and phase (d) are represented for q0 = 1/2 qc (carrier frequency), which are
mainly determined by the size of the reconstruction aperture. Also these results exhibit good
agreement within the errors of the measurements.
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Fig. 1: Sample variances for amplitude (a) and phase (b) depending on reconstruction aperture size q0 (squares and
circles for different cameras). The corresponding off-diagonals for q0 = 1/2 qc (carrier frequency) are shown in (c) and
(d)  (Δm as distance between two detector pixels). Experimental values are in red and calculated in blue. 
 


