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Referee’s report on Doctoral Thesis by Volodymyr Skoromets 
Tunable materials and structures for terahertz spectral range 

 
 
The proposed thesis focuses on an up-to-date theme, namely an investigation of possibilities 
how to tune parameters of some materials in the terahertz spectral region (electromagnetic 
field with millimeter and submillimeter wavelengths). The main used experimental method is 
terahertz time-domain spectroscopy, i.e. measurements of reflectivity and transmissivity of 
picosecond electric field pulses on selected types of incipient ferroelectrics. Single crystals, 
ceramics and mainly strained thin films were studied. The results are presented as complex 
permittivity spectra and their dependencies on applied electric bias. It has been shown that the 
dependence of soft mode frequency not only on temperature but also on applied electric field 
is the main mechanism usable for tuning of material properties in the inquired spectral range.  
 
I appreciate an apposite overview of the subject in Chapter 1 and an appropriate description of 
the experimental technique in Chapter 2. Transmittance of the terahertz signal through bulk 
materials both in longitudinal and transversal configuration of the wave propagation and 
electric field is investigated in Chapter 3. A more complex structure consisting of Bragg 
mirrors and a slab of strontium titanate with longitudinal electric field is also included. 
Chapter 4 deals with strained thin films. 
 
The measurements were carried out in Department of Dielectrics, Institute of Physics, 
Academy of Science Czech Republic. Well-equipped laboratories and experienced staff offer 
excellent conditions for the work. Extensive international co-operations allow the research of 
samples obtained by cutting edge technologies. The samples under study were prepared in 
laboratories in Slovenia (KTaO3 ceramics), Germany (pulsed laser deposition of SrTiO3 films 
on DyScO3), USA (molecular beam epitaxy SrTiO3 films on DyScO3  with controlled 
deviation of stoichiometry). Crystals SrTiO3 were purchased, interdigitated electrodes were 
prepared in collaboration with German laboratories.  
 
The candidate worked in an experienced team engaging successfully in physics of 
ferroelectrics for a long time, including terahertz and far infrared measurements. Therefore, a 
question comes out what new techniques or improvements of recent methods (including 
interpretation and modeling) were done personally by Mgr Skoromets. 
 
The text is well-structured with only a small number of typing errors. The author logically 
transfers from the description of experimental results to discussion and explanation. The 
figures are clear and well illustrate the subject matter. Bibliography includes 245 references. 
Mgr Skoromets is co-author of 4 cited papers.  
 
Some questions and/or comments as topics for discussion: 
 
1. The wavelength is comparable to sample dimensions. Are there some specific effects / 

problems connected with diffraction that have to be taken into account in experimental 
arrangement and in evaluation of results? 

2. Dynamic tunability experiments are shortly reported in Section 4.1 (p.93 – 94). The used 
experimental arrangement could be described in more details. 
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3. Dielectric spectra of strained films are fitted with formula (4.2) taking into account Debye 

relaxation, soft mode oscillator and their interaction. Can you show the features of 
respective contributions appearing in permittivity spectra in a typical example? It would 
be interesting to compare them with differences between experimental values and fits. 

4. A conclusion coming from theoretical simulations is presented on page 84: “One can 
understand the relaxation mode as an additional low-frequency decay channel of the soft 
mode, which is associated with a specific anharmonicity (side minima) of the 
multiminimum soft-mode potential.“ Comparing bulk STO with strained films, the 
relaxation is much more pronounced in the films. Does it mean that the deformation 
strongly influences potential anharmonicity of the soft mode? Or does experimental 
knowledge rather show that some defects are effective in relaxation? 

5. Soft mode frequencies in Fig.4.7 were obtained by fits of terahertz measurements. The 
high values at low temperatures belong to far infrared region. Have been terahertz and far 
infrared results compared? 

6. Can you outline basic ideas related to tunable metamaterial structures (metalic structures 
on dielectric substrates) mentioned at the end of Chapter 5 (Conclusions and outlooks)?  

 
 
The thesis presents a large number of original results focusing on permittivity of incipient 
ferroelectric crystals, ceramics and epitaxial films and mainly on the dependence of the 
permittivity on applied electric field. Mgr. Volodymyr Skoromets proved ability to scientific 
work and I recommend that the thesis is accepted for the defence. 
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