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Fig. 1. (a) The interdependence of Seebeck coefficient, conductivity, power factor for different carrier concentration and electron

thermal conductivity and lattice thermal conductivity as a function of carrier concentration!'’; (b) electronic DOS of different di-

mensional materials as a function of energyl!3.
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Fig. 2. (a) Schematic image of device for measuring thermoelectric property based on field effect transistor (FET)?!; (b) schematic

image of device for thermoelectric property measurement based on electronic double-layer structure ionic liquid transistor2s);

() schematic image of suspended thermal bridge device; (d) schematic image of H-type method devicel?".
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Fig. 3. (a) Contribution of different phonon modes to thermal conductivity in graphenel®); (b) summary of thermal conductivity of

graphene as a function of sample length¥); (c) conductivity and Seebeck coefficient of graphene as a function of gate voltage

(Upper inset: SEM image of a graphene device, the scale bar is 2 pm. Lower inset: Seebeck coefficient of graphene as a function of
temperature at Vg = -5, -30 V) [%; (d) PFT as a function of gate voltage in both devices at 290 K[
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Fig. 9. (a) Raman spectra of a Li,MoS, flake on SiO,/Si substrate across three separate annealing cycles performed in vacuum!!7;

(b) Seebeck coefficient, electrical conductivity, and power factor of Li,MoS, device across all annealing cycles!'™); (c¢) power factor of

the pristine MoS, and oxygen-doped MoS, along both directions'™; (d) thermal conductivity of the pristine MoS, and oxygen-

doped MoS, along both directions!!7.
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Fig. 10. (a) Thermoelectric figure of merit for BiyTes;/SbyTe; superlattices, PbSnSeTe/PbTe quantum dot superlattices, and
PbTeq ¢s5eq.0s/PbTe quantum dot superlattices!!™; (b) temperature dependence of calculated lattice thermal conductivity of lateral
superlattices with different periodic thicknesses!'®; (c) HAADF-STEM (high-angle annular dark field scanning transmission elec-
tron microscope) image of the TiS,[(HA),(H,0),(DMSO),] hybrid superlattice showing a wavy structurel!’l. (d) magnified HAADF-
STEM image of TiS,[(HA),(H,0),(DMSO) 0% (e) electrical conductivity of the pristine TaS, crystals and SCCM-TaS, hybrid
structurel®; (f) seebeck coefficient of the pristine TaS, crystals and SCCM-TaS, hybrid structurel!s5.
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Abstract

Nowadays, there are enormous amounts of energy wasted in the world, most of which is in the form of
wasted heat. Thermoelectric effect, by converting heat energy into electricity without releasing dangerous
substances, has aroused more and more interest from researchers. Since the discovery of graphene, more and
more two-dimensional layered materials have been reported, which typically own superior electrical, optical and
other physical properties over the bulk materials, and the development of the new theory and experimental
technologies stimulates further research for them as well. In this work, first we introduce the measurement
methods and techniques that are suitable for characterizing the thermoelectric properties of two-dimensional
materials, and then discuss the relevant current challenging issues. Subsequently, graphene, transition metal
disulfides, black phosphorus and other 2-dimensional materials in thermoelectric applications are introduced.
Finally, we discuss the various strategies to improve the thermoelectric performance and the problems that need

solving urgently.
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PACS: 73.50.Lw, 68.65.-k, 73.63.-b, 65.80.—g DOI: 10.7498 /aps.72.20222095

* Project supported by the National Natural Science Foundation of China (Grant No. 12204244), the Natural Science
Foundation of Jiangsu Province, China (Grant No. BK20210556), and the Jiangsu Specially-Appointed Professor Program,
China.

t Corresponding author. E-mail: phyzlf@njnu.edu.cn

1 Corresponding author. E-mail: wujing@imre.a-star.edu.sg

11 Corresponding author. E-mail: phyzys@njnu.edu.cn

057301-21


http://doi.org/10.7498/aps.72.20222095
mailto:phyzlf@njnu.edu.cn
mailto:phyzlf@njnu.edu.cn
mailto:wujing@imre.a-star.edu.sg
mailto:wujing@imre.a-star.edu.sg
mailto:phyzys@njnu.edu.cn
mailto:phyzys@njnu.edu.cn

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

ZHBPRA MR SRR
mEE KHR XFH REWL
Recent progress of 2—dimensional layered thermoelectric materials

Yu Ze-Hao ZhanglLi-Fa WuldJding Zhao Yun-Shan

5] Fi{# B Citation: Acta Physica Sinica, 72, 057301 (2023)  DOI: 10.7498/aps.72.20222095
TEZE[R]1E View online: https:/doi.org/10.7498/aps.72.20222095
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

—HEBPERXTe, (X = Pd, POSHFERE RO S — PS4

Thermoelectric transport properties of two—dimensional materials XTe, (X = Pd, Pt) via first—principles calculations
YyFR2EHR. 2021, 70(11): 116301 hitps:/doi.org/10.7498/aps.70.20201939

TR JEUT AR AR RS B T VR SO e R R TR R AT S

Recent progress of transfer methods of two—dimensional atomic crystals and high—quality electronic devices

WIFEAEA. 2021, 70(13): 138202 https://doi.org/10.7498/aps.70.20210929

YRR ST
Recent progresses of thermal conduction in two—dimensional materials

WIFRE4. 2020, 69(19): 196602  https://doi.org/10.7498/aps.69.20200709

R R N R L L ol R e B

Research progress of neuromorphic devices based on two—dimensional layered materials

PFEEEAR. 2022, 71(21): 218504 hitps:/doi.ore/10.7498/aps.71.20221424

T HYERRL R L S A R (R

Research progress and device applications of multifunctional materials based on two—dimensional film/ferroelectrics heterostructures

PrPezd. 2020, 69(1): 017301 https://doi.org/10.7498/aps.69.20191486

[P A PR B L B AL TR P A2 S I

Frontiers of investigation on thermal transport in all-solid—state lithium—ion battery

YrE2E 4. 2022, 71(2): 026501  https:/doi.org/10.7498/aps.71.20211887


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20222095
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20201939
https://doi.org/10.7498/aps.70.20210929
https://doi.org/10.7498/aps.69.20200709
https://doi.org/10.7498/aps.71.20221424
https://doi.org/10.7498/aps.69.20191486
https://doi.org/10.7498/aps.71.20211887

	1 前　言
	2 热电性能的测量原理
	2.1 基于场效应晶体管热电特性的测量方法
	2.2 悬空热桥法
	2.3 H型测量

	3 二维层状材料
	3.1 石墨烯
	3.2 过渡金属硫化物(TMDCs)
	3.3 黑　磷
	3.4 其他二维材料在热电方面的应用

	4 热电性能提升方法
	4.1 缺陷工程
	4.2 掺杂作用
	4.3 超晶格结构
	4.4 应力工程

	5 总结与展望
	参考文献

