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Heterostructures based on ZnO thin films and Bi4Ge3O12 (BGO) substrates represent a promising approach for next-generation γ-ray detectors by combining the complementary properties of light and heavy scintillators. BGO, with its high density and high effective atomic number, provides efficient γ-ray absorption, while ZnO thin films exhibit an ultrafast scintillation response and excellent radiation hardness. In addition, the structural, morphological, optical, and electrical properties of ZnO thin films can be effectively tailored through doping with various metal ions or morphology changing. Gallium is considered one of the most suitable dopants, as it readily substitutes for Zn in the crystal lattice with minimal strain due to its similar ionic radius. Furthermore, the lower reactivity of Ga3+ toward oxygen compared to other metal dopants promotes the formation of oxygen vacancies, leading to an increased concentration of free electrons. As a result, Ga-doped ZnO materials exhibit enhanced sensitivity to ultraviolet radiation and are therefore widely investigated for photodetector applications.

A variety of chemical and physical methods have been employed to fabricate high-quality pristine and doped ZnO thin films, including chemical vapor deposition, pulsed laser deposition, and magnetron sputtering. However, wet-chemical approaches, such as sol–gel and hydrothermal methods, offer significant advantages by enabling the preparation of homogeneous thin films with well-controlled stoichiometry through simple processing routes and low-cost equipment.

ZnO and Ga-doped ZnO (ZnO:Ga) films with controlled thicknesses were successfully deposited on BGO substrates using sol–gel and hydrothermal techniques. The proposed synthesis approach enables the fabrication of highly crystalline ZnO/ZnO:Ga films with thicknesses ranging from 10 to 80 µm on BGO substrates. Variations in ZnO film thickness, as well as the incorporation of dopant impurities, allow effective tuning of ZnO luminescence spectra. The best coincidence time resolution of approximately 160 ps was achieved for the spray-coated BGO@ZnO heterostructure, which exhibited the strongest visible emission, when optically coupled to the PMMC using silicone. These results demonstrate the feasibility of controlling ZnO film thickness in BGO-based heterostructures and tailoring their scintillation properties, highlighting their potential for implementation in time-of-flight positron emission tomography (TOF-PET) and particle physics detectors.
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