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High-Field EPR Investigations of Mn-Doped Lead-Free Piezoelectric Ceramics
Koruza, J., Schultheiß, J. (Technische U. Darmstadt, Germany, Materials Science); Erdem, E. (Albert Ludwigs U. Freiburg, Germany, Physical Chemistry); van Tol, J. and Ozarowski, A. (NHMFL)
Introduction

Acceptor doping with Mn has been shown to be an effective way to decrease the leakage current of lead-free piezoceramics, but the exact mechanism and the defect chemistry remain unknown. Moreover, investigation of acceptor doping is important as these materials recently demonstrated excellent hard-type piezoelectric properties, outperforming their lead-based counterparts. The aim of this work was to investigate the defect chemistry of Mn-doped (K,Na)NbO3-based piezoceramics, explore the formation of defect complexes and reveal the mechanism by which Mn affects the leakage current characteristics. The measurements at high fields (or high microwave frequencies) and low temperature are required to resolve the different oxidation states of Mn (2+, 3+, 4+), which cannot be done using X- or Q-band EPR. The obtained high-field EPR results are to be corroborated with electromechanical measurements and impedance spectroscopy.

Experimental


During this measurement session we investigated calcined and sintered (K,Na)NbO3-based samples with two different Mn doping amounts, namely 0.3 and 0.5 mol. %. In addition, a sample without Mn was investigated for reference. All samples were investigated in the powder form. The measurements were performed using the EPR transmission spectrometer at the NHMFL EMR Facility using its 15/17 T SC magnet. The magnetic field was 14.9 T, the temperature was varied between 5 K and room, and different frequencies were used. 
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In addition, a set of experiments was performed on sintered (K,Na)NbO3-based pellets with Pt-electrodes of different thickness. These were carried out in the reflection geometry, using the 12.5 T magnet-based heterodyne quasi-optical spectrometer at the same Facility. The aim of these preliminary experiments was to investigate the influence of the electrode thickness on the EPR signal, which is important for possible future in situ experiments under applied external electric field. 

Results, Discussion, and Conclusions

During the first measurement step various experimental conditions were tested, including different temperatures, frequencies, scanning speeds, etc. Subsequently, measurements at different temperatures were carried out using the optimized parameters for different sample compositions. Measurements for the sintered sample with 0.3 mol.% Mn are exemplarily shown in Fig.1. Initial simulation of the spectra using the EasySpin software indicated the presence of three different centers. Contrary to expectations, Mn was found to be present at A- and B-sites of the perovskite structure. The detected oxidation states were Mn2+ and Mn4+, while no clear evidence for Mn3+ could be observed. While Mn4+ predominantly occupies the B-site, the Mn2+ was found on A- and B-sites. However, due to the strong overlapping of the three signals, a more detailed simulation of the spectra is currently being carried out to accurately determine the spin Hamiltonian parameters and to quantify the content of each center. 

The investigation of the electrode influence revealed that a Pt-layer prepared by 4-min sputtering hinders the measurement and only a weak sample signal could be observed. On the other hand, the 2-min and 0.5-min sputtered electrodes were thin enough to obtain a reasonable sample signal. The latter will be used for potential future experiments. 
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Fig.1 Temperature dependent EPR signal for the sintered (K,Na)NbO3-based sample with 0.3 mol.% Mn.








