Coherent Imaging with Low-Energy Electrons (30— 250 eV
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Low-energy electron (3250 eV) ir-line holograph (also known asor pointprojection
imaging) is realized by placina sample at a few tens of nanometers in froran electron
source(usuallya sharp tungsten ) where electrons are extracted by field emis [1], Fig.
1(a) When electron wave passthrough the sample, part of thawave is scattere. The
interference between the scattered and unpertiwavescreates aiin-line hologramwhich
is acquired by tr detector, positioned at a few centimetres fromeleetron sourceThree
subjects will be discussebiological imaging, imaging of charged impuritiin graphent
with elementary charge precision and imaging t-dimensional surfacecorrugation of
graphene

Biological imaging. Low energy electrons do not damage biological $esppvhich
is usually thecase for hig-energy electronslt has been demonstrated in the Biophy
group of Prof. Har-Werner Fink t the University of Zuric, thatindividual biomolecules
such as DNA molecules, can withstand -energy electrons radiation for hours with
visible radiation dama( [1]. Low-energy electron holograms of individual biologi
macromolecules and their reconstructions, Fig., i) be discussec
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FIG. 1. Principle ofin-line holography with lo-energy electror. (a) Sketch o
the experimental arrangement. (b) Ll-energ electron i-line hologram of DNA
molecule and its reconstructi(2].

Imaging charged impurities of graphene. Someadsorbateon graphentranser their charge
to graphene thus creating a positivcharged impurity. Such obje createlarge gradients ¢
electric field around itsel anc deflect the passing electr¢. Low-energy electrons a
extremely sensitive tthe local electric fields A posifively charged impurity thus leads tc
distinctive signature in the hologr. —a bright sp¢, see Fig. . The strength of the charge ¢
be evaluated from the intensity of the bright sptod precision of a fraction of an element
charge. Also, the prected potential of an individual impurity can beaeered from its i-
line hologram by applyiniterative reconstruction routir.
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FIG. 2. (a) Sketch of formation of an-line hologramfrom a positivelychargec
impurity. (b) Experimental and simulatdn-line holograms of charged impuriti

3].



Three-dimensional topography of graphene by divergent beam electron diffraction (DBED).
DBED is a nonivasive, no-scanning and sinc-shot imaging technique that offers
possibility of direct visualisatiol of the thre-dimensional topography of thin fi-standing
material: [4], as illustrated in Fig.. The information avilable from the first order diffractio
spots ismuch riche thanthat provide in the conventinal zer-order diffraction spot and it

related to thre-dimensional structure of the sarr. For example ripples in graphene that ¢
only 1 Angstrom in anlitude can beeasilyvisualized by DBED

FIG. . (a) Principle ofdivergent beam electron diffraction (DBElimaging of
three-dimensional topography freestanding grapher (b) Poin-projection
image or an inline hologram of graphene sampldDB&D image and magnifie
regions of the DBED pattern: the central spot wisemrae adsorbates are obser
and a firs-order DBED spot where ripples between the adsoskarte obsend.
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