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1. State-of-the-art
Among the numerous types of thermionic electron emitters the dispenser
cathodes, the electrodes of high intensity discharge lamps and the arc-welding electrodes
are belonging to the group of metal electron emitters – where the electrons escape
through an adsorbed layer covered metal surface. The operation mechanism of the above
cathodes is based on the formation of a Ba-O double-layer, or a Th or rare-earth
monolayer, which are existing in dynamical equilibrium on the top of the cathode
surfaces, and are accountable for the diminution of electronic work function. The lighting
industry, the CRT (cathode ray tube) manufacturing and the technologies having
considerable financial support (such as the military technology and the accelerator
physics) put continuous impetus on the cathode research.
Recently in the different fields of cathode research and development there are
taken many efforts to increase the electron emission current, to improve the reliability
and lifetime of the cathodes and to introduce new, environmentally friendly technologies
for example through the replacement of thoria doped tungsten wires. The obtainable
maximum emission current is an important aspect of cathode design from the point of
view of TV and monitor manufacturing (SAMSUNG, Thomson, LG-Philips), since this is
the most evident way to develop the new generation monitors with higher brightness and
higher resolution limit. The most important life-limiting processes – including the ion
bombardment damage and the cathode poisoning effect – are nowadays a very actively
investigated research topics.
The measurement of the electronic work function is a widespread technique to
investigate the electron emission characteristics of thermionic (and even field- or
secondary emission) cathodes. With the most recent experiments the researchers try to
image the work function distribution of solid surfaces with more better and better spatial
resolution, and to achieve – if possible – the nanometer scale on work function maps.
Many publications are dealing with the local measurement of work function in STM
(Scanning Tunneling Microscope) or AFM (Atomic Force Microscope), which serve as a
successful tool for observing the electron emission properties of solid surfaces.

2. Scope of the study
According to the most recent expectations of science during the doctoral school I
was working with an equipment where the local measurement of work function together
with the investigation of secondary emission coefficient is available. This method is
called Secondary Electron Emission Spectroscopy (SEES), which in essence is a useful
tool for the analysis of physical processes occurring on electron emitter surfaces.
The work function and the secondary emission coefficient is to be calculated on the
basis of the low kinetic energy spectrum of secondary electrons, thus it may be expected,
that the shape of the SEE spectrum will be affected by both parameters. For the proper
understanding of the SEE spectrum the investigation of the relationship between the work
function and secondary electron emission seemed to be essential. I have completed this
theoretical explanation on the basis of the Eckart potential barrier model. I successfully
expressed the energy distribution of secondaries, while the derived equations account for
the relation of surface potential barrier and the change of electron current as well.
I applied the SEES method to analise the electron emission properties of O/W and
BaO/W adsorbed systems. I observed both the work function and secondary emission
changes induced by different thicknesses of adsorbed layers.
Other series of SEES experiments were performed on contaminated W plates. The
main goal of this study was to get reliable results on the emission characteristics of high
pressure discharge lamp cathodes by the comparison of well controlled O adsorbed layers
and the industrially handled, contaminated W surfaces.

3. Experimental
The measurements were performed in the complex surface analytical system of
the Budapest University of Technology and Economics Department of Atomic Physics,
where XPS (X-ray Photoelectron Spectroscopy) and AES (Auger Electron Spectroscopy)
methods are settled. The SEES analysis was carried out by recording the low kinetic
energy spectrum of the emitted secondary electrons. In the first quarter of the PhD school
I accomplished the required developments and calibration measurements of the tool.

As an electron source a VG Microtech made, LEG 200 type electron gun was applied
with 200nm minimum spot diameter, resulting in a minimum spatial resolution of 10μm
on the secondary electron images. During XPS the samples were irradiated by a VG
Microtech made twin anode x-ray source. Both the MgKα (1253.6eV) and AlKα
(1456.6eV) X-ray lines were used to carry out the measurements. For the detection and
energy separation of electrons a VG Microtech, CLAM 2 type, truncated hemispherical
energy analyser was available having an energy resolution of 0.3eV.
The data collection was obtained by the VGX 900 softver, while I have done the
data analysis with the Origin 6.1 and Excel 2003 softvares. The theoretical equations
deduced from the Eckart barrier model of secondary electron emission were depicted
applying the MATLAB 6.1 program.
The applied and partly developed equipment has in fact the following two main
advantages:


Work function and secondary electron emission measurements and chemical
analysis (by XPS method) can be completed in situ.



The spatial distribution of work function and the secondary emission coefficient
can be determined by scanning the electron beam. Work function maps and
secondary electron images of the same surface area are in situ available.

4. Summary of scientific results
1. (P5) In case of different thickness adsorbed layers I expressed the relationship of work
function and secondary emission using the Eckart potential barrier method. Based on the
relevant published data in the literature I deduced an equation for the secondary emission
current density of metals as follows:
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where e is the charge of a free electron, me is the mass of a free electron, C is a constant,
the κ parameter has a value of 0,25 for metals, ϑ Det is the detection angle of electrons,
while the thickness of adsorbed layer is assigned by L, the work function by Φ, and the
height of the barrier by B. By doing so the expression of secondary emission current
involves explicitly the physical properties of the adsorbed layers under investigation.

2.a) (P2) I inspected the effect of electron irradiaton on on thin oxide layer covered Si
and W samples using 2.5⋅10-2A/cm2 current density. The primer energy was gradually
increased from 150eV to 9000eV. I observed that the secondary emission coefficient
decreases as a result of electron beam damage. The change of the emission current has its
extremum at around 500-800eV, its value may reach or exceed 16% and 18% for W and
Si, respectively. At the same time the increase of work function occurs, its relative
change is 9-10% for Si and lower than 0.5% for W.
2.b) (P1,P2,K1) During electron irradiation the amount of secondary electron emission
change is in accordance with the total number of secondary electrons escaping the
surface. In case of metals and semiconductors the number of secondaries is in fact the
highest between 250-1000eV. Taking these results into account I draw the conclusion,
that the secondary emission change is caused first of all by secondaries, rather than by
primary electrons.
3.) (P3) I have measured the work function and secondary emission of O covered
tungsten at the same time under ultra high vacuum conditions. The work function of W
increased from 4.55 eV to 5.7eV as a result of 510L O2 gas exposure. I declared that the
work function change of this amount induced 200-300% decrease in the secondary
emission coefficient of the surface.
4.) (P3,P5) I explained the effect of oxygen doses on the work function and secondary
emission of W with the Eckart potential barrier model. By increasing the oxygen
coverage the electron energy needed to overcome the barrier will also increase. With well
established model calculations I have proven that the secondary electron emission current
depends in the first instance on the height of the surface energy barrier. I concluded to an

equation of secondary electron current which directly contains the work function of the
substrate and the work function change induced by the overlayer. See below:
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where γ is the slope of the transmission function, ΦSzub is the work function of the metal
substrate and ΔΦAdsz is the adsorbate induced barrier height change. It can be seen, that
this equation is applicable for a wide variety of substrate / adsorbate combinations. The
calculations are in a fairly good agreement with the experimental results.
5.) (P4,K2,K3) I have shown an experimental evidence that the BaO coated W surface
has lower work function and at the same time higher secondary emission coefficient than
the elemental or oxide covered tungsten. I measured the work function of clean W to be
4.55eV. However, the work function of BaO coated W – BaO originated from BCT
emission material – was found to be 3.8eV, while its secondary emission coefficient was
enhanced by 40-50%.
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