Factors affecting phase noise in off-axis electron holography
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The amount of noise in the reconstructed wave of an electron hologram depends on the visibility
of the interference fringes, which in turn depends on the coherence and intensity of the incident
beam and the stability of the microscope[1l]. Here we investigate the dependence of phase noise
on condenser lens strength for holograms taken on a 300kV FEI Titan with two biprisms and no
specimen present. We use a lower biprism voltage of 150V with no extra lens giving a fringe
spacing of 0.08nm. The magnification was 450k and round illumination was used for
reproducibility. A 4s exposure time, giving negligible biprism drift, was used. We did not change
the gun extraction voltage[2]. The gun lens, spot size (C1 lens) and intensity (C2 & C3 lenses)
were each varied starting from gun 3, spot 3 and intensity set so the beam filled the screen at
160k magnification.

For each illumination condition a hologram was taken with no specimen present, reconstructed
in the standard way and the mean intensity within the hologram overlap region, the fringe
contrast and the standard deviation of the reconstructed phase measured. Here the mean
intensity is used as a simple measure of the coherence of the beam, a lower mean intensity is
associated with a higher coherence. Fig. 1la shows a plot of the fringe contrast vs mean
intensity. As the beam is made more coherent (lower mean intensity) using any of the gun lens,
spot size or intensity the fringe contrast increases, as expected. The phase noise derived from
the same holograms is shown in fig. 1b, from which it can be seen that the lowest phase noise is
for a mean intensity of about 700 counts. When the coherence is increased so as to reduce the
mean intensity below 700 counts, the increased fringe contrast is offset by increased noise due
to fewer counts [3].

It can be seen from both figures that it does not matter whether the coherence is increased by
increasing the spot size or the intensity, the resulting phase noise is the same. Increasing the
gun lens has almost the same effect except that the fringe contrast and the phase noise are
slightly worse for the highest gun lens than for the same coherence set with either the spot size
or the intensity. While this observation is to be expected for a perfect microscope with no
instabilities[4], it is an important result to demonstrate experimentally.

We thus conclude that for adjusting the beam coherence it makes no difference whether the
intensity or spot size are used and that using the gun lens produces only slightly higher phase
noise.
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Fig. 1: (a) Hologram fringe contrast (I, -1 ;. )/(l . . +!

min) @nd (b) standard deviation phase noise plotted against
mean intensity within the overlap region for dlfggrent settings of the gun lens, spot size and intensity.



