Anisotropy Effect of the Seebeck Coefficient Detected by the Scanning Microprobe
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Many thermoelectric materials with non-cubic unit cell show anisotropy of their thermoelec​tric parameters. Usually this effect is detected on single or highly textured crystals by measurement of integral parameters on a bulk sample. From our study, the scanning Seebeck microprobe as a tool for the determination of local values of the thermo​electric power at any position on a sample surface with a resolution down to 10 µm was found to be a suitable instrument for a rough orientation analysis on single crystalline or coarse-grained thermo​electric samples. 
The principle behind is that for a not ideally point-like but somewhat extended area of the thermal contact between the sample and the probe (similar in size or larger than the smallest possible information area which is determined by the thermal conductivity of the sample) the temperature gradient in the sample is preferentially directed perpendicular to the surface. Since the thermo-voltage detected is a volume average over the region where the temperature gradient is spreading, the perpendicular direction is heavier weighted in the obtained Seebeck value than the lateral one. However, the accurate anisotropy ratio itself as the ratio of the Seebeck values measured along different crystal directions cannot be resolved because the value measured by the microprobe on differently oriented surfaces of a crystal contains in any case a mixture of contributions in normal and lateral direction, according to the specific shape of the spreading temperature gradient.  

A Zn4Sb3 ingot was prepared and the composition distribution was measured by Electron Probe Micro Analysis yielding an almost constant composition over the whole area. On the contrary, the Seebeck 2D surface scans image different grains as very homogeneous areas which differ from each other by small but significant amounts. Adjacent faces of the sample with a common edge were scanned near the edge by the Seebeck microprobe. Line structures in the Seebeck scans allow for identifying the location of individual grains in the sample. Several individual crystal grains could be distinguished on the ingot where the face perpendicular to the growth direction shows mean values of the Seebeck coefficient different from the face parallel to the growth direction. As a conclusion, the difference in the values is due to the difference in crystalline orientation. Thus, this provides experimental evidence that the Scanning Seebeck Microprobe is a suitable tool to detect the anisotropy of the Seebeck coefficient.
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