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Abstract

Off-axis electron holography is a powerful technique for mapping magnetic and electrostatic
fields in materials in the transmission electron microscope at a spatial resolution that can
approach the nanometer scale. The technique relies on the use of an electrostatic biprism to
overlap an electron wave that has passed through the specimen with another part of the same
electron wave that has passed only through vacuum. If a coherent field emission electron source
is used, then the overlap region contains interference fringes whose local angle and spacing carry
the desired information about magnetic and electric fields. Electron holography imposes four
important limitations on the geometry and quality of an electron-transparent specimen, which
can be overcome by using focused ion beam (FIB) milling to prepare the specimen.

Firstly, the region of interest must lie within 1-2 µm of a region of vacuum in order to provide a
reference wave that can be overlapped onto the specimen. For a semiconductor device, any
substantial metallization above the doped region of interest can be removed by FIB milling the
specimen parallel to the wafer surface. Similarly, with care, a single row of magnetic elements
can be left free-standing after milling, without any protective Pt left on the nanostructures, so
that magnetic fields around them can be characterized fully in cross-sectional geometry.

Secondly, it is often desirable for the region of interest to have highly uniform thickness so that
variations in specimen thickness do not dominate the observed phase contrast. For a doped
semiconductor device, final FIB milling can be performed from the substrate side to avoid
curtaining effects. Vortices can be examined in plan-view in a thin film of a high-temperature
superconductor by using FIB milling to fabricate a large (20-100 µm) uniformly thin area of the
specimen, which can be imaged using both Lorentz microscopy at large defocus and electron
holography, ideally without undesirable contributions to the contrast from bend contours.

Thirdly, the vacuum reference wave should not be perturbed by stray (fringing) magnetic or
electric fields. When examining magnetic nanostructures in cross-section, FIB milling can then
be used to removed magnetic material from regions of the specimen other than the area of
interest.

Finally, both physical damage to the specimen and  implantation of gallium affect the magnetic
and electric fields that are of interest. These effects must be minimized. For plan-view imaging
of magnetic nanostructures, FIB milling can be used to punch a hole in the specimen from below,
around which the magnetic elements are undamaged by specimen preparation.


