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Summary

This thesis treats a number of aspects of electron holography. In conventional

microscopy only the intensity of the object wave is recorded during the imaging

process. The phase information is lost. The goal of holography is to record the

phase so that all information contained in the original wave is measured. Elec-

tron holography was invented in the nineteen fourties by the English-Hungarian

physicist Dennis Gabor. Gabor’s goal was to design a method to enhance the

resolution of the electron microscope. His idea was to let the object wave in-

terfere with a known reference wave. The interference pattern that is formed

is no longer directly interpretable by a human observer but contains the phase

information of the original object wave. Gabor called this interference pattern

a hologram after the Greek words holos (whole) and gram (message) to indicate

that the hologram contains all information from the original wave.

In Gabor’s original method both object wave and reference wave pass through

the material. In practice a setup is used in which object wave and reference

wave travel separately from each other. The setup is as follows: The sample is

placed half-way into the electron beam. This in effect splits the original wave

into two parts. One part which has interacted with the material (object wave)

and a part which traveled through vacuum (reference wave). The two waves

are then recombined using an electron biprism. An electron biprism is a thin

wire (±1µm thickness) carrying a voltage, see Fig. 1.7.

The general public knows holography mostly due to the three dimensional holo-

grams that can be found e.g. on many credit cards. The most important appli-

cation of electron holography is to study the electric and magnetic properties

of materials. The electro-magnetic potential inside a material induces a phase

shift on the electron wave. Thus measuring this phase shift gives direct infor-

mation about the electric and magnetic properties of the material. For Gabor’s

original purpose, to enhance the resolution of the electron microscope, hologra-

phy has been applied successfully. However, in practice it is rarely used for this
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purpose.

The phase information obtained from a hologram is not directly interpretable

by a human observer. To be able to interpret a hologram an experimentalist

will need to have knowledge about the phase patterns caused by a large range

of (magnetic) structures. For this purpose numerical methods have been devel-

oped to compute the hologram. These numerical methods were then applied

to a number of common magnetic domain structures. An iterative method to

interpret a hologram is: Construct a model of the material and compute the

phase change via numerical means. Compare the result with the experimental

data and then adapt the model if necessary.

The method outlined above is an example of the direct problem: given a magne-

tization distribution calculate the phase. Much more important is the inverse

problem: given a phase distribution calculate the magnetization distribution.

Inferring the magnetization distribution using the iterative direct method can

be time consuming. The practical applicability of electron holography would

be greatly increased if the inverse problem was solved. In the thesis a num-

ber of methods to solve the inverse problem are evaluated. In most cases these

methods give qualitative information about the magnetic structure. However, a

definitive solution which can solve the inverse problem quantitatively remains

an open problem. This thesis also reports results of experiments performed on

ferromagnetic films and cobalt clusters. The results were analyzed using the

methods from this thesis.

More specifically, the thesis covers the following topics:

• In chapter 1 a historical introduction of electron holography and its ap-

plications is given. The different forms of holography are explained. In

this chapter an analysis is given of the experiment of Tonomura et al. [30]

who for the first time performed the double slit experiment with electrons

in such a way that the interference pattern is build up event-by-event.

• In chapter 2 the theory behind the phase shift due to magnetic or electri-

cally polarized materials is given. Furthermore numerical methods are

given to compute the phase shift for a given material. The efficiency of

the methods are evaluated.

• In chapter 3 the experimental application of electron holography is de-

scribed. In particular using the Jeol 2010F, which is the microscope that

was used for this thesis. The concepts of this chapter are illustrated with

experiments which are analyzed using the methods of this thesis.
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• In chapter 4 the inverse problem is discussed. In chapter 2 it is described

how for a given magnetization distribution the phase shift is computed.

In this chapter methods are given to compute from the phase shift the

magnetization distribution.

• In chapter 5 the phase patterns for a number of common magnetic domain

structures are given, this is done using both simulation and experiment.
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