Low-temperature sintering of highly conductive ZnO ceramics by means of chemical vapor transport «Физика»
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ZnO thin films have shown broad prospects for application, in particular, in light-emitting and photoconductive devices, piezoelectric transducers and gas sensors. One of the simplest methods to obtain highly conductive thin films is DC magnetron sputtering; however, the efficiency of this method is based on the presence of uniformly doped conductive ceramic targets. The classical sintering method has the following disadvantages: the necessity to use a high-pressure technology, high sintering temperatures (1300–1500 °C) and expensive dopant nanopowders, a change in the diameter of the ceramics after sintering, and difficulties in re-sintering [1]. The most typical donors for ZnO are Al, Ga, and In; however, Ga has several important advantages: it is less reactive and more stable to oxidation, lower deformation of the ZnO lattice even at a high doping level, and high solubility [2]. This study addresses a novel approach to sintering highly conductive ZnO:Ga ceramics using chemical vapor transport reactions based on halogens.
Ceramics was sintered by means of chemical vapor transport in sealed quartz chambers. ZnO+Ga2O3 mixed powder was loaded on the flat bottom of chambers without typically used strong compression. Highly conductive uniformly doped ZnO:Ga ceramics with a density of 5.3 g/cm3 and a high hardness of 2.0 GPa has been sintered. The proposed sintering method has the following advantages: (i) a low operating temperature of about 1000(1100(C; (ii) there is no need to use expensive Ga2O3 dopant nanopowders (doping is conducted via chemical reactions involving Ga halides); (iii) the possibility of multiple re-sintering of sputtered and partially destroyed ceramics; and (iv) the absence of changes in the diameter of the ceramics after sintering. The solubility limit of the Ga2O3 dopant is as high as about 3 mol %. At a higher doping level, the content of the ZnGa2O4 spinel phase becomes significant. The most conductive ceramics with a resistivity of 1.5 ( 10–3 ((cm can be obtained at 3 mol % Ga2O3 [3].
The obtained ZnO:Ga ceramics can be used as DC magnetron targets to grow ZnO thin films. ZnO:Ga thin films co-doped with halogens present in targets have a higher charge carrier concentration and a lower resistivity. The effect of co-doping with halogens increases with a decrease in the deposition temperature; at 100(C, this co-doping can decrease the resistivity by about 2 times. The most important growth factors are film thickness and growth rate. An increase in these factors contributes to an improved crystallinity and larger crystallite size of the films. The optimum Ga2O3 concentration in targets is about 3 mol %. A resistivity value of 2.59 ( 10−4 ((cm is achieved for films, which have a thickness of 800 nm, a transparency of 89%, and a mobility of about 30 cm2/Vs.
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