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The phenomenon of electron-beam-induced charging of specimens in the
transmission electron microscope (TEM) is attracting increasing attention,
both for fundamental reasons and because it has a strong influence on image
contrast and quality, in particular when studying insulating and (cryo-
)biological specimens [1], in which it is responsible for the bee-swarm or
Berriman effect [2-4]. Electron-beam-induced charging is generally believed to
result from secondary electron emission from specimen surfaces as a result of
primary electron bombardment. However, the underlying physics is not yet
fully understood.

Recent developments in off-axis electron holography in TEM offer the
possibility to directly map charge density distributions in materials in real
space [5, 6] as a function of parameters such as dose (rate), applied voltage
and specimen temperature.

Figure 1 shows a measurement of electron-beam-induced charging of a
needle-shaped specimen recorded at 300 kV using off-axis electron
holography in the TEM at an electron dose rate of approximately 0.9 e-/A2/s.
The needle contains an apex of insulating dolomite (CaMg(C03)2) and a W
base. These two regions are separated from each other by Pt, which was
deposited in a focused ion beam scanning electron microscope. The phase
contour map shows that the needle is charged at its apex. The contours
suggest the presence of a dipole-like charge distribution along the length of
the needle. Asymmetry in the phase contour map results primarily from the
influence of the perturbed reference wave. There is neither a dose-rate nor a
total dose dependence of charging in this needle (not shown).

Surprisingly, a decrease in the reconstructed amplitude is visible in the
vacuum region around the apex region. Although this observation is
suggestive of a time-dependent charging and discharging process, no double
exposure effects are visible in the recorded holograms in the form of Moiré
fringes. Secondary electron emission alone may not be sufficient to interpret
this result. Coincidence measurements between secondary electrons and
electron energy-loss spectra may help to determine the physical origin of
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secondary electron emission in such samples. Parameters that include the
distance to surrounding regions of the specimen and microscope, the
presence of surface contamination, the specimen temperature, the presence
of residual gas in the TEM column and the voltage applied to the specimen
should be varied systematically in such experiments, in order to understand
their influence on electron-beam-induced charging and to unravel the
underlying physics of charging during illumination by high-energy electrons
(and photons) [7].
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Figure 1 Electron-beam-induced charging of a needle-shaped specimen
recorded using off-axis electron holography. The needle contains dolomite
(CaMg(C03)2) in the apex region, a W base and Pt in between. The electron
dose rate is 0.9 e-/A2/s. Upper panel: Electron holographic phase contour
map obtained from reconstructed phase images. The phase contour spacing is
2m radians. Lower panel: Amplitude image reconstructed from off-axis
electron holograms. Each image is stitched together from results obtained
from 5 aligned off-axis electron holograms.
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