2146 Microsc Microanal 11(Suppl 2), 2005
DOI: 10.1017/S1431927605505221 Copyright 2005 Microscopy Society of America

First Experiences using Electron Holography with a Cs-Corrected TEM
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Conventional high-resolution transmission electron microscopy (HRTEM) suffers from the loss of
phase information during image acquisition, which prevents an a-posteriori correction of coherent
aberrations. This is also true for micrographs recorded by means of a Cs-corrected TEM. Despite the
fact that the Cs-corrector corrects all coherent aberrations up to the third order, residual aberrations
cannot be completely excluded. Consequently, a combination of Cs-corrected TEM with a
holographic recording technique like focal series reconstruction [1] or off-axis electron holography
[2] is most advantageous, which allows an a-posteriori correction of residual aberrations.

For off-axis electron holography, Cs-correction is very attractive, because the information limit is
pushed to higher spatial frequencies, only limited by the chromatic envelope function. Moreover, the
object exit-wave phase information is available without transfer gaps from large area phase
modulations, e.g. by electric potentials and magnetic fields, up to atomic dimensions. The slight
correction of coherent aberrations can be performed more accurately due to the considerably
smoother dependence of the residual wave aberration from spatial frequency. The corresponding
point-spread-function is virtually zero; hence the hologram width can be reduced to the width of the
area under investigation gaining a higher dose of coherent electrons, which in turn improves the
phase detection limit.

Here, first experiences are reported using a FEI Tecnai F20 TEM with Cs-corrector [3] (CEOS
company), which is additionally equipped with a Mdllenstedt biprism installed for electron
holography in the SAD aperture holder. Compared with a Philips CM200FEG ST, the combination
of SuperTWIN objective lens with Cs-corrector results in an about 1.2-times higher magnification at
the first intermediate image plane yielding an advantageous geometric setup for the electron biprism.
The resulting interference contrast is about 5-times better, which has as consequence a tremendous
improvement of the phase detection limit. Figure 1 shows an off-axis electron hologram of a wedge-
shaped GaAs-crystal in [110]-orientation. The interference fringe spacing is 0.07 nm at a biprism
voltage of Ur =300 V yielding a clear separation of the sidebands, i.e. the Fourier transform of the
image wave, from the centerband. The interference fringe contrast is about 14.5%. Due to residual
aberrations, the reconstructed image wave (fig. 2) does not show the expected dumbbell-contrast of
[110]-oriented GaAs. By minimizing the amplitude contrast of the thin amorphous edge, the residual
coherent aberrations have been determined and correspondingly corrected yielding the expected
dumbbell-contrast in amplitude and phase as shown in fig. 3. [4]
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Fig. 1. Off-axis electron hologram of a wedge-shaped [110]-oriented GaAs-crystal. The magnified
area shows the fine interference fringes with 0.07 nm spacing. Therefore, a clear separation of
centerband and sidebands can be observed in the Fourier spectrum.
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Fig. 2. Reconstructed image wave
(amplitude: left; phase: right) from the
magnified area (slightly noise reduced by
Bragg-filtering). Due to residual aberrations,
the atom column positions cannot be
identified.

Fig. 3. Object exit-wave (amplitude: left;
phase: right) as corrected for residual
aberrations (4, = 20 nm, o4 = 68°,
C;=14nm, B, =0.5 pum, oz = 280°,

C; = -20 pm, slightly noise reduced by
Bragg-filtering). The correct dumbbell-
contrast can be observed in amplitude and
phase.
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