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Self-Driven Terahertz Detector Based on Topological Semimetal NiTe,

Lai Zhihong", Xu Yongjiang"*, Xu Tantan'’, Liu Yuan'?, Shen Yun'", Deng Xiaohua®
'College of Physics and Materials Science, Nanchang University, Nanchang 330031, Jiangxi, China;
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Abstract Terahertz radiation has broad application prospects in many fields, including high-speed communication,
biomedicine, nondestructive testing, space exploration, and security. However, the development of a highly sensitive
room-temperature terahertz detector is an urgent issue that must be addressed. The special optoelectronic properties of
emerging topological materials open up new paths for terahertz detection. In this study, the band structure and topological
surface states of the type II Dirac semimetal NiTe, were calculated based on first-principles calculations. NiTe, nanosheets
were obtained by mechanical exfoliation, and metal-NiTe,-metal field effect transistors were fabricated using integrated-
circuit processing technology. The photoelectric response of the device to terahertz radiation was measured. The results
show that the NiTe,-based terahertz detector has a high response rate of 2.44 A/W and a noise equivalent power of
approximately 14. 96 pW/Hz"*. Particularly, even at a zero bias voltage, the response rate remains 2. 25 A/W, and the
noise equivalent power decreases to 9.55 pW/Hz"”. These characteristics are better than those of similar terahertz
detectors, and the device is stable in air and has excellent linearity within a certain range. These results are of great
significance for further promoting the practical application and integration of room-temperature terahertz detectors.
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Fig. 2 Structural and material characterization of NiTe,. (a) Atomic structure of the NiTe, transition-metal dichalcogenide; (b) X-ray

diffraction pattern of NiTe, grown single crystals, with the X-ray rocking curve in the inset; (c) Raman spectra collected by

exciting the fabricated samples with a 532 nm laser, the observed peak at 83 cm ' corresponds to the E, phonon; (d) the energy

dispersive spectroscopy of the NiTe, flakes
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Fig. 3 Band structure calculations of NiTe,: (a) Band structure graph of block NiTe, considering SOC; (b) density of state of NiTe,;

(¢) brillouin region of bulk and surface projected onto (001); (d) calculated surface state spectrum along the K — I' — K directions

using Wannier functions; (e) fermi surfaces of (001) slab
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Fig. 4 Schematics of device structure and electrical properties of NiTe,: (a) Schematic diagram of NiTe, field-effect transistor device;
(b) the voltammetry curves of the device in natural environment on the same day and one month later; (c) I,-V, curves at fixed
bias; (d) .-V, curves under fixed gate pressure
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Fig. 5 Structure of device and terahertz photoelectric characteristics: (a) Optical microscope picture of a field-effect transistor for NiTe,;
(b) logarithmic antenna structure parameters; (c¢)(d) terahertz photocurrent response of the device at different bias voltages;

(e) radiation power-dependent photocurrent of NiTe, at different bias voltages; (f) the comparison of responsivity and noise

equivalent power of different two-dimensional materials
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Table 1 Performance comparison of the reported 2D materials

terahertz detectors at room temperature

Material Responsivity /(A/W) NEP /(W/Hz"*)
NiTe,(this work) 2. 44 14.96x 10 *
CoTe, ™ 0.1 1X10 *
MnBi, Te,* 0.74 13X 10 *
PtTe, " 1.6 10X 10"
Black phosphorus™" 0.057 1000X 10"
Graphene™ 0.148 51x10°"
Cd,As,™ 0.04 430x10°"
EuSn,As, ™ 0.2 30X 10 "
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