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Abstract 

This Ph.D. thesis reports on the research and development of new materials to be used for thin 
films-based hydrogen gas sensors and on subsequent investigation of their hydrogen gas 
sensing properties. For this purpose, the tungsten oxide-based thin films were combined with 
other materials in order to improve the sensing properties of the tungsten oxide thin films. This 
thesis contains a general introduction that describes the basic sensing principles of tungsten 
oxide-based sensors. Then an overview of the possible strategies for improvement is given. 
Several of these strategies are used and described in detail in the following chapters. One 
chapter is also dedicated to an overview of the techniques used to synthesize the materials, 
which are various sputtering deposition techniques. Also, the method of testing the sensing 
behavior that was developed as a part of my Ph.D. thesis is described in detail. 

The first presented approach deals with the topic of nanostructuralization of the sensor surface. 
High-purity CuO nanoparticles were deposited using a gas aggregation-based cluster source 
(GAS) and added on top of the surface of tungsten oxide films. The sensing response was 
changing with the varying density of the CuO nanoclusters. The sensing response was 
significantly enhanced with the increasing density of the nanoclusters on the WO3 film due to 
the formation of nano-sized PN junctions at the CuO/WO3 interface. 

In the second applied strategy, the formation of CuWO4 nanoislands on the top of sub-
stoichiometric tungsten oxide (WO3 x) films was studied using a two-step deposition process. 
The WO3 x deposited by reactive DC magnetron sputtering was followed by CuO deposition 
by RF sputtering deposition. This resulted in the formation of CuWO4 nanoislands over the 
WO3 x. The CuWO4/WO3-x system was studied for hydrogen gas detection. The sensing 
response of the combined films was much higher than that of the individual CuO and WO3 x 
films. The sensing mechanism based on the formation of the NN junction between CuWO4 and 
WO3 x is described.  

Following the second strategy, the order of the CuO and WO3-x deposition processes was 
reversed. The synthesized CuWO4/CuO system was studied for hydrogen gas detection. The 
trend for the sensing response was similar to the CuWO4/WO3-x system in dry air. The sensing 
response specifically for CuWO4/CuO system was studied in dry and humid air, and it was 
found that the response was reduced dramatically in the humid air. To overcome or reduce the 
influence of humidity, the CuWO4/CuO bilayers were overlayered by Pd thin films, deposited 
by RF sputtering. During the after-deposition treatment at 200°C, Pd was transformed into a 
form of Pd nanoparticles and PdO nano-sized islands. The value of the sensing response for 
the Pd/CuWO4/CuO multi-layer was then equalized in dry and humid environments and at the 
same time, the sensors responded at lower temperatures. The formation of multiple junctions, 
i.e., the NN junction at the PdO / CuWO4 and the PN junction at the CuWO4 / CuO interfaces, 
remarkably improved the response and reduced the influence of humidity. 

In the last described strategy, the structure and composition of the WO3-x films were tuned by 
varying the deposition parameters of the HiPIMS (High-Power Impulse Magnetron Sputtering) 
technique. These were the oxygen partial pressure, voltage pulse length, and average power 
density. In addition to the experiments, the reactive HiPIMS model combined with the plasma 



  
 

iv 
 

discharge model was used successfully to understand the effect of the discharge parameters on 
the structure and stoichiometry of the WO3-x films. Owing to this model, WO3 x could be 
synthesized with various stoichiometries and structures using HiPIMS with varying voltage 
pulse lengths. The varied stoichiometry, i.e., various concentrations of oxygen vacancies, has 
a significant impact on the sensing response towards hydrogen. In addition, the sensing 
response for hydrogen gas for the monoclinic phase was found to be superior to those of the 
other crystalline phases.  
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Resumé 

Tato výzkumem a 
 a následné testování 

senzorického chování 

senzorické 
vlastnosti oxidického materiálu je 
v jednotlivých kapitolách. Samostatná kapitola je  hledu 
technik, které .  kapitole 

dále 
zdokonalena. 

První  strategií pro zorického chování vrstev oxidu wolframu je 
kombinace vrstev s nanostrukturami se jedná  CuO 

 byly 
deponovány na povrch wolframoxidové (WO3) vrstvy 

CuO na senzorické vlastnosti. povrchu 
vrstvy WO3 senzorická odezva vznikem nano-PN 

 na rozhraní CuO/WO3. 

V rámci druhé strategie 4 na 
wolframu Substechiometrický oxid wolframu 
(WO3 x) byl deponován reaktivním DC byla 
nanesena vrstva CuO  pomocí . Tento postup vedl strukturovaného 
CuWO4. ystému CuWO4/WO3 x na plynný vodík. 
Senzorická odezva této samostatných vrstev CuO 

 WO3 x. V  stojí za NN  mezi CuWO4 
a WO3 x. 

V navazující kapitole jsou popsány výsledky studie, kdy bylo za  p
pro vrstvy CuO a WO3 x a je zde zkoumán výsledný systém CuWO4/CuO. 

 je podobný jako u systému CuWO4/WO3 x

zde byla odezva navíc studována v syntetickém vzduchu ylo 
potvrzeno vzduchu se odezva dramaticky sni uje. Pro korekci vlivu vlhkosti 
byly dvojvrstvy CuWO4/CuO tenkými vrstvami paladia nanesenými pomocí RF 

 00 °C se deponované 
jednak jednak na oxidu paladia. 
senzorická odezva u vícevrstev PdO/CuWO4/CuO vyrovnaná v suchém i vlhkém vzduchu, 
navíc systém pracuje . 

V poslední popsané vrstev WO3 x zkoumány 
v závislosti na   metodou reaktivního HiPIMS (vysokovýkonová 

 parciálního tlaku kyslíku, délky 
pulsu é hustoty výkonu  model 

plazmového výboje, vlivu 
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a  WO3 x vrstev. yslíkových 
vakancí, se ukázala ja

it Nadto 
u monoklinické fáze je odezva 

krystalických fází. 
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