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ABSTRACT 

 

Surface acoustic waves being extremely sensitive to the variations in properties of 

propagation surface are very well suited for physical, chemical and biological sensing 

applications. Wide band gap semiconductors, such as III-group nitrides and ZnO, are 

especially suitable for ultraviolet detection. In the present work, a comprehensive study 

of surface-acoustic-wave related effects in nitride- and ZnO-based structures with the 

goal of development of novel types of UV sensors has been performed. The very recent 

advent of graphene stimulated interest in investigations of surface acoustic waves in this 

unique and promising material with a perspective of applications for various gas and 

optical sensors. Surface acoustic wave devices operating at frequencies of several 

hundred MHz allow for implementation of wireless remote sensors. The thesis contains 

10 chapters. The basics of surface acoustic wave devices are reviewed in chapter 1, and 

the fundaments of photodetection in semiconductors are given in chapter 2. Chapter 3 

describes the experimental methods and technique used in this work comprising 

measurements of acoustic wave amplitude and phase, as well the frequency responses of 

oscillators based on surface acoustic wave structures. Results of the research are 

presented in chapters 4 to 10.   

      The surface acoustic wave propagation and response to ultraviolet illumination has 

been investigated in GaN, AlGaN, and AlN epitaxial layers on sapphire and in ZnO-

nanoparticles on lithium niobate structures. Light emitting diodes operating at 

wavelengths from 280 nm to 375 nm have been used as the ultraviolet radiation source. 

The transient amplitude and phase response of the GaN-based surface acoustic wave 

delay line to pulsed UV radiation was investigated and the results were correlated with 

photoluminescence measurements. The surface acoustic wave response to focused 

ultraviolet light was investigated, revealing the strong dependence of the response on the 

light spot position. The increase in phase change upon illumination of interdigital 

transducers was explained in terms of transducer admittance change under ultraviolet 

irradiation. The model based on the capacitance change of metal-semiconductor-metal 

structure was developed to describe the operation of interdigital transducer on a nitride 

layer, and a novel type of ultraviolet sensor on this basis has been proposed. Using the 
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interdigital transducer as a photocapacitor in the radio-frequency oscillator circuit, the 

record-high frequency shifts (in MHz range) under UV illumination have been achieved. 

Such sensors have been implemented with GaN, AlGaN, and AlN-AlGaN layers, and 

possibilities of spectral response variations due to different bandgaps have been 

demonstrated. Rayleigh type surface acoustic waves were studied in GaN and AlGaN 

layers. In epitaxial AlN layers fabricated by the enhanced lateral overgrowth technique, 

the acoustic plate modes were excited due to periodic layer structure. The sensitivity of 

these waves to ultraviolet illumination has been demonstrated for the first time.  

      Another type of ultraviolet-sensitive structures investigated was ZnO-nanoparticles 

on lithium niobate substrate. The latter material being dielectric, no transducer 

photocapacitance effects were present, and the response of Rayleigh waves to ultraviolet 

illumination was entirely of acoustoelectric origin. Besides sensing capabilities, the virtue 

of acoustic waves for evaluation of physical characteristics of nanoparticles has been 

demonstrated.    

      Surface acoustic wave studies in graphene are very scarce. In this work, surface 

acoustic wave propagation and interaction with ambient gases, humidity and visible light 

in lithium niobate substrates coated with multi-sheet graphene layers was investigated. 

The sensitivity of surface acoustic waves in graphene-based structures to CO2 

environment and to air humidity was demonstrated for first time. Illumination of 

graphene layer with visible light led to the changes in surface acoustic wave phase, which 

were explained by thermo-optical effect due to light absorption by graphene.      

      Results of this research work have been published in 7 scientific journals and 

presented in 8 international conferences and are promising for the development of new 

generation of optical and gas sensors using novel material structures.    

 




