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The doctoral thesis is devoted to experimental study of ferroelectric materials and 

photonic structures whose optical properties can be tuned by application of external 

electric field. This way of tunability is the most promising for many technical 

applications since it allows to achieve an ultimate modulation speed. Other external 

parameters such as temperature, mechanical stress or magnetic fields usually cannot 

be varied at the comparable pace. Therefore, optical and laser technology 

successfully utilize electro-optic modulators (Pockels cells) for many applications. 

However, up to now, similar approach could not be extended into terahertz frequency 

range.  

The concept of electrically tunable soft mode in ferroelectric materials utilized in the 

thesis is known for a long time. However, its practical application for terahertz 

frequency range especially in combination with photonic structures represents a 

completely new and fruitful approach. In addition, a recently discovered phenomenon 

of stress-induced ferroelectricity in thin films is investigated with respect to the 

terahertz tunablity. This gives a convincing evidence of the novelty and importance of 

the research presented in the thesis. 

The thesis starts with an excellent introduction into the problem of tunable dielectric 

properties. Also a resonant enhancement of this effect in photonic crystals and 

metamaterials is introduced. The author reviews the most important works in these 

fields and outlines the main approaches used in previous studies. After the detailed 

description of experimental methods employed in the present work given in 

Chapter 2, the main results of the thesis are given in Chapters 3 and 4. 

Chapter 3 reports the experimentally studied tunability of bulk incipient ferroelectrics. 

All experimental results are thoroughly described and analyzed in frames of the 

Landau-Devonshire theory. Based on these results, tunable 1D photonic structures 

are developed and characterized. The theoretical modeling reproduces the 

experimental data remarkably well pointing out a high potential this approach for real 

applications. 

Chapter 4 presents the examination of electric tunability in strained ferroelectric thin 

films. The active control of the soft mode frequency and the in-plane terahertz 

permittivity is convincingly demonstrated. Here again I would like to note the 

thoroughness of the experiment and analysis: various sample with different 

sequences of layers are studied, they are carefully characterized using 

complementary experimental methods such as microwave or radio-frequency 

dielectric spectroscopy and infrared spectroscopy. This is accomplished by the 

accurate analysis using appropriate theoretical models. 



In general, I would like to point out a high scientific quality of the thesis. It is clearly 

structured, well-written and contains good overview of the related works. Every 

chapter starts with an introduction which clearly outlines the main goals of the work 

presented in following. Every experiment is motivated and fits into general paradigm 

of the thesis. The amount of the research presented in the thesis is impressive and, 

in my opinion, goes well beyond the average level of a doctoral work.  

It is evident that the author has a vision of the problem addressed in the present work 

and ideas for further research in this direction. Together with the high quality of the 

thesis it speaks for the author’s ability for an independent research work. In my 

opinion, the work of Volodymyr Skoromets definitely satisfies all criteria of doctoral 

thesis and its author can be appointed as a candidate for a PhD title. 
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