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Fig. 1. (a) XRD results of Cu; ,Ni,GaTe, (z = 0, 0.25%,
0.50%, 0.75%) samples at room temperature, and the en-
larged view of (112) diffraction peak is attached in the up-
per right corner; (b) results of refined XRD for
Cuyg g95Nig gosGaTe, sample, A and R, are the refined error

parameters.
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Fig. 2. Lattice parameters of Cu; ,Ni,GaTe, (z = 0, 0.25%,
0.50%, 0.75%) samples.
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Fig. 3. Electrical properties of Cu; ,Ni,GaTe, (z = 0, 0.25%, 0.50%, 0.75%) samples: (a) Dependence of electrical conductivity with

temperature; (b) carrier concentration and carrier mobility at room temperature; dependence of (c) Seebeck coefficient and (d) power

factor with temperature.
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Fig. 4. (a), (b) Visual patterns of structures, (c), (d) band structures, (e), (f) total density of states and partial density of states for

CuGaTe, and Cug ges75Nig 03125GaTey, respectively.
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dashed box in panel (a).
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SPECIAL TOPIC—Thermoelectric materials and applied physics
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Abstract

Thermoelectric material is a new type of functional material that can realize the direct conversion between
heat energy and electric energy. It has received a lot of attention because it has wide practical applications.
However, the applications of thermoelectric devices are limited by their low conversion efficiencies. The
conversion efficiency is determined mainly by the thermoelectric properties of the material. In this work, a
compound of CuGaTe, chalcopyrite is selected as a research object, and a series of Ni-doped samples
Cu;_,Ni,GaTe, (x = 0-0.75%) is synthesized by the vacuum melting method. The temperature dependent
thermal and electrical properties for Cu;_,Ni,GaTe, (z = 0-0.75%) compounds are investigated. The results
show that the Ni atom can effectively replace the Cu atom of the material, and thus leading the carrier
concentration to decrease slightly and inducing the mobility to increase. At the same time, the Seebeck
coefficient increases significantly after Ni doping: on the one hand, the increase is due to the decrease of the
carrier concentration of the sample; on the other hand, the effective increase of the density of states near the
Fermi level plays an important role in increasing Seebeck coefficient. Then, the thermal conductivity decreases
effectively due to the enhancement of point defect scattering caused by Ni doping, and the minimum lattice
thermal conductivity is reduced by ~30% in comparison with the matrix lattice thermal conductivity. Finally,
the maximum ZT value for Cuy gg5Nij gosGaTe, sample (ZT = 1.26 at 873 K) is obtained to be ~56% larger than
that for CuGaTe,. This work indicates that the doping magnetic element Ni at Cu site is also one of the

effective ways to improve the thermoelectric properties of CuGaTe, materials.

Keywords: thermoelectric material, CuGaTe,, density of state, ZT value, thermoelectric figure of merit
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