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Fig. 1. (a) Crystal structure of hexagonal MnTe; RHEED patterns of (b) SbyTe; buffer layer grown at Ty, = 280 °C and SbyTe;:Te =
1:1 and (c¢) MnTe film grown at Ty, = 280 C and Mn:Te = 1:9; XRD patterns of MnTe thin films grown at (d) different T,

and (e) under different Mn:Te ratios.
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Fig. 2. XPS spectra of MnTe films grown under different T,,: (a) Mn 2p; (b) Te 3d. XPS spectra of MnTe films grown under dif-

ferent Mn:Te ratios: (¢) Mn 2p; (d) Te 3d.
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B4 B4 Jay S L T A T 2R T 9 552

Fig. 3. Atomic resolution STM images of MnTe films grown at different T,: (a) Ty = 260 C; (b) Ty, = 280 C. (¢)—(f) STM im-
ages of the dark depressions point defect and dark triangle defect under positive and negative STM tip bias. (g) A cross-sectional

sketch of the MnTe crystal structure along the ¢ axis, in which the thick yellow-red line is used to indicate the projection of the loc-

al electronic state on the surface from the second layer point defects.
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Fig. 4. Room temperature (a) hole concentration and (p) carrier mobility (#) of MnTe thin films grown at different T, The tem-

perature dependence of (b) electrical conductivity , (c) Seebeck coefficient and (d) power factor for these MnTe films grown at dif-

ferent Ty,
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Abstract

The NiAs-type MnTe compound is one of important and environmental friendly p-type thermoelectric
materials for generating intermediate temperature powern. The low hole concentration in the pristine MnTe
greatly restricts its thermoelectric performance. However, the systematic experimental studies of thermoelectric
materials are still lacking so far. In this work, MnTe thin films are grown by molecular beam epitaxy (MBE)
technique, and their intrinsic point defect structures are characterized by scanning tunneling microscope (STM).
Through the regulation of the intrinsic point defects, the electrical transport performances of MnTe films are
remarkably improved. The results show that Mn vacancies (Vy,) and Te vacancies (Vp,) are the dominant
intrinsic point defects in MnTe film. With the increase of the substrate temperature (T,,) and the decrease of
the Mn:Te flux ratio, the hole concentration in MnTe film increases greatly, reaching a maximum value of 21.5 x
10! em 3, which is one order of magnitude higher than that of the intrinsic MnTe bulk. This is attributed to the
significantly increased concentration of p-type Vi, in MnTe film, and thus leads the conductivity (o) and
power factor (PF) to increase remarkably. Finally, the MnTe film grown at T, = 280 °C and Mn:Te = 1:12
obtains the maximum PF of 1.3 pW-cm K2 at 483 K in all grown films. This study clarifies the characteristics
of intrinsic point defects and their relationship with the electrical transport properties of MnTe based

compounds, which provides an importantguidance for further optimizing their thermoelectric performances.
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