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   Oxide materials are considered to be promising for the future thermoelectric applications, since they have many advantages, such as non-toxicity, thermal stability and high oxidation resistance, etc. Cobalt-oxide based layer-structured hybrid crystals including NaxCoO2, Ca3Co4O9, and their derivative compounds have been developed as p-type materials having fairly high thermoelectric performance, and the maximum ZT value generated from this compound group has reached unity or larger up to date. In contrast, n-type oxide materials so far proposed, such as ZnO(Al) and Zn5In2O8, only show rather low figures of merit (ZT <1) and remain to be further improved. 

   We have attempted to find out high-performance n-type oxide materials from among the transition metal oxides (TMO) and TMO-containing compounds. Strontium titanate SrTiO3 (STO) heavily doped with donor dopants was recently found to show fairly good properties. STO is known to have an electronic band structure in which the conduction band is made of the Ti 3d orbitals, and hence the effective mass of carrier electrons is quite large; m* = (1.16~6) m0. This large effective mass gives rise to large thermopower > 0.1 mV/K at room temperature. La- and Nb-doped (~1020-1021 cm-3) STO single crystals behave as degenerate semiconductors and their electrical conductivity becomes as high as ~103 S/cm at r.t. though the mobility is low (~10 cm2V-1s-1). Thermal conductivity is of the order of 10 W/mK or less decreasing with increasing doping level. The ZT value at r.t. was ~0.08 which is smaller than that of Bi2Te3 alloy (~0.6) but larger than that of NaxCoO2 (~0.03).

As it is difficult to control an electronic system and a phonon system simultaneously in a single crystalline field, a complex crystal composed of more than two sub-lattices (nano blocks) with different compositions and crystal symmetries (we call it a “hybrid crystal”) is considered to be effective to control electron transport and phonon transport independently in order to cooperatively enhance the total conversion efficiency. From this point of view, we attempted to look at the Ruddlesden-Popper homologous series, Srm+1TimO3m+1, that have layered perovskite structures in which SrO and (SrTiO3)m layers are alternately stacked sequencially. These oxides can be regarded as natural superlattices, and therefore sub-lattice interfaces are expected to scatter phonons to suppress thermal conduction and hence to improve the performance. In fact, our preliminary measurement has shown that electrical conductivity and thermopower of a layered perovskite polycrystal were similar to those of a STO polycrystal, while its thermal conductivity was about 2/3 of that of STO. 

