Pis’ma v ZhETF, vol. 114, iss. 6, pp. 365 – 365 © 2021 September 25

Facile fabrication of Cu_2O thin film with high Seebeck coefficient

M. Zhang, F. Song, S. Liang^{1)}

Chemistry Department, Renmin University of China, 100872 Beijing, China

Submitted 7 August 2021 Resubmitted 17 August 2021 Accepted 19 August 2021

DOI: 10.31857/S1234567821180051

Thermoelectric (TE) materials might offer potential solutions for power generation and cooling technologies due to their capability of direct and reversible conversion between heat and electricity [1]. Possessing unique features such as all solid-state assembly, no noise, and long lifespan, TE materials, nevertheless, suffer from low heat-to-electricity converting efficiency which limits applications in niche market [2]. Due to a variety of structural, electronic, and thermal properties, numerous works on copper-based thermoelectric were reported, such as Cu_3Sb_{1−x}Sn_xS_4 (x = 0.05) with maximum ZT value of 0.72 at 623 K [3], Cu_3SbS_4 showing a ZT of ∼ 0.63 at 623 K [4]. Here we report thermoelectric properties of Cu_2O thin film with high Seebeck coefficient. The Cu_2O thin film was fabricated by oxidizing copper wire directly on stove at ambient environment. Figure 1 shows Cu_2O thin film Seebeck coefficient versus temperature. SC is on average about 2.5 mV/K, with a maximum ∼ 4 mV/K, which is about four times of the currently reported 1 mV/K. The Seebeck coefficient is expected to change gradually with temperature without sharp peaks. The observed rapidly changed data points in Fig. 1 are possibly due to the measurement un-

Fig. 1. (Color online) Cu2O thin film Seebeck coefficient versus temperature (K)

1)e-mail: sliang@ruc.edu.cn

certainty. When the copper oxidation time is less than 3 min, it results in almost negligible SC. Therefore the data in Fig. 1 were obtained with samples oxidized for 4 min. Resistivity about 31 Ω · cm for our Cu_2O thin film was estimated from the IV curve; it is comparable to 11.6 Ω · cm reported in [5] for the Cu_2O thin film doped with F [5]. To avoid the parallel conductivity of copper in the bulk, we have repeated resistivity measurements with a thin copper wire (0.1 mm in diameter) oxidized thoroughly with prolonged heating in the stove. We measured the length dependence of resistance to get contact resistance and accurate resistivity of the Cu_2O wire. From the results shown in Fig. 1c, we estimate the contact resistance ∼ 80 kΩ, and resistivity ∼ 31 Ω · cm, which is similar to the previous results measured on partially oxidized thicker copper wires with substantial copper metal core. Using the estimated resistivity about 31 Ω · cm, power factor of the Cu_2O thin film reached 52 μW/m · K^2. We conjecture the relatively high Seebeck coefficient relates very likely to the band bending between Cu_2O–Cu, Cu_2O–SnO_2. High Seebeck coefficient and ensuing improved power factor could find applications in temperature/touch monitoring, transient thermoelectric cooling and space-constrained area.

This is an excerpt of the article “Facile fabrication of Cu_2O thin film with high Seebeck coefficient”. Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364021180041

1. G. J. Snyder and E. S. Toberer, Nat. Mater. 7(2), 105 (2008).

2. L. E. Bell, Cooling, Science 321(5895), 1457 (2008). 3. S. K. Chen, C. Di Paola, D. Laricchia, M. J. Reece, C. Weber, E. McCabe, I. Abrahams, and N. Bonini, J. Mater. Chem. C 8(33), 11508 (2020).

4. K. Chen, B. Du, N. Bonini, C. Weber, H. Yan, and M. J. Reece, J. Phys. Chem. C 120(48), 27135 (2016).

5. F. Ye, J.-J. Zeng, X.-M. Cai, X.-Q. Su,B. Wang, H. Wang, V. A. L. Roy, X.-Q. Tian, J.-W. Li, D.-P. Zhang, P. Fan, and J. Zhang, J. Alloys Compd. 721, 64 (2017).

Письма в ЖЭТФ том 114 вып. 5 – 6 2021 365