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Referee report on the doctoral thesis, entitled ‘Preparation and Characterization of Porous Cerium 

Oxide/Carbon Bilayers on Silicon Substrates’, by Martin Dubau 

In the presented doctoral thesis, Martin Dubau investigated the possibility to prepare porous cerium oxide and 

metal doped cerium oxide thin layers on flat silicon substrates employing nitrogenated carbon interlayers and 

magnetron sputtering. Cerium oxide is a widely studied material which attracts attention thanks to its 

exceptional heterocatalytic properties with promising applications in on-chip catalytic technologies. A large 

active surface area of the catalyst is an important requirement for the catalytic performance. A promising 

method for porous cerium oxide film preparation on flat silicon substrate is the introduction of a carbonaceous 

interlayer. The thesis is focused on a new type of the interlayer, namely amorphous nitrogenated carbon films. 

The author thoroughly combined several surface and bulk sensitive experimental techniques, which allowed 

him to investigate in detail the influence of many preparation conditions on the morphology and chemical 

composition of the CeOx/carbon layers. The work yields several results which could be of great technological 

importance and contributes to development of on-silicon-chip fuel cells containing CeOx based catalysts. One 

of the main goals, to get insight into mechanisms leading to CeOx and doped CeOx layers with large active 

surface area, was successfully achieved. 

The thesis is very well structured and organized. Results are divided into two main parts. The first one is 

focused on the preparation and morphology (studied by means of SEM, TEM, and AFM), second one on 

elemental and chemical composition (studied by various X-ray and electron spectroscopic techniques).  

At the beginning, deposition and morphology of cerium oxide free carbonaceous layers on flat Si substrate is 

investigated d. An intriguing point is a low adhesion of nitrogenated carbon films on silicon, which author 

overwhelmed by a systematic research and proposed a couple of procedures leading to an improved adhesion. 

Element and chemical composition of the carbonaceous films is determined by a couple of different element 

sensitive techniques (XPS, SRPES, HAXPES; EDX, EELS, NEXAFS). In order to obtain reliable results, 

sample preparation was modified accordingly. Appropriate choice of samples as well as the interpretation of 

experimental data proves that the author is able to design appropriate model system and to select a suitable 

experimental technique or a combination of complementary techniques. Special attention attention is paid to 

the analysis of different C–N species in the samples. The big variety of these species makes such analysis 

difficult in general. Even though some spectra decomposition could be done in more detail, most of the 

experimental results are presented in a clear and convincing way. Drawn interpretations and conclusions are 

well supported by references. In Chapters 5 and 11, the influence of oxygen plasma treatment on the 

carbonaceous films is investigated. The core of the work are Chapters 6, 7, 10, and 12, where the morphology 

and stoichiometry of cerium oxide layers deposited on the carbonaceous interlayers and the influence of the 

deposition on the interlayer is studied as a function of various deposition conditions. An important result is the 

crucial role of oxygen partial pressure in the process gas which determines the final morphology. It is 

demonstrated how the CeOx stoichiometry and morphology are correlated. Valuable is also the investigation 

of different process gas chemical composition on the interlayer erosion. Intriguing is the finding that the 

interlayer etching rate is more influenced by the structural properties than the elemental composition, although 

the composition also plays a role. Other important finding is the existence of different CNx etching 

mechanisms during cerium oxide deposition and the oxygen plasma treatment, which indicates a possible 

direction for future research. 

This work presents new and original results. Conclusions are well supported by the experimental results and 

exposed in a clear way. The fact that some of the results have been published in recognized international 

journals proves high quality of the work. The thesis is well written, presents an appropriate length, and shows 

that the author is capable to conduct his own research.  
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Therefore, I recommend Martin Dubau to be awarded the academic degree Ph.D. 

 I have following questions and comments to the content of the thesis. 

1. Page 28. Formula 3.6 used for the determination of element concentrations from photoemission 

spectral lines is a simplified version assuming that the sensitivity factor for a given photoemission line 

depends only on photoionization cross section. However, the sensitivity factors depend also on the 

inelastic mean free path, analyzer transmission function, photoionisation asymmetry parameter, X-ray 

polarization vector and experimental geometry. Are the effects of these factors negligible in here 

studied cases? 

2. Page 69, Figure 8.2. Presence of oxygen in the investigated carbonaceous samples can be seen in the 

EDX spectrum. The presence of oxygen in bulk of the samples is also clear from HAXPES spectra 

(e.g. N4 components in N 1s spectra). Is it possible to estimate the total oxygen concentration from 

these two bulk sensitive techniques? Was the presence of oxygen included in the determination of 

nitrogen concentrations displayed in Figure 8.3? Can the oxygen inside the carbonaceous films affect 

the studied properties (adhesion, etching resistance, morphology)? What is the source of oxygen? 

3. Page 83, Figure 10.1b. The carbon layer without nitrogen is dominated by sp2 graphite component, 

while introduction of nitrogen induces significant increase of the sp3/sp2 component ratio. Especially 

sample CNx-50% exhibited a significant amount of carbon in sp3 hybridization. Could be the amount 

of sp3 bonded C correlated with etching rate during the CeOx deposition (Figure 6.6 on page 54)?  

4. An influence of water vapour in the process gas is discussed in Chapter 6.3 and 9.4. Is it possible to 

conclude whether water or oxygen has more efficient etching effect? 

5. In Figure 11.11, C1s and N1s spectra after deposition of 5 and 20nm of CeOx on a CNx interlayer are 

displayed. While the signal from nitrogen is practically zero, the signal of carbon is still clear. The 

origin of the carbon peak should be discussed. Is it coming from cerium carbide, or carbon 

contamination (bulk or surface), or it corresponds to the carbonaceous interlayer in which all nitrogen 

was etched away by oxygen? 

Comments of minor importance 

1. Page 64 and Page 69, Figure 8.2 caption: The thickness of platinum interlayer is written to be 5nm in 

one case and 50nm in the second case. What was the thickness in reality? 

2. Page 28, Figure 3.2 caption. For greater clarity, it would be good to mention that the information 

depths are calculated for carbon material. 

3. Page 37, Table 4.3. CNx thickness for a-C layer is given to be 200nm, but 0nm is probably the right 

value. 

4. Page 40. Figs. 5.6–5.5 should be Figs 5.3–5.5. 

5. Page 77, Figure 9.3 caption. It is not entirely clear which spectra correspond to films deposited in 

argon/water and argon/oxygen mixture. 

6. Page 101, Figure 11.11 caption. It should be mentioned that spectra reported in this figure were taken 

with Al K XPS. 
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