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1. Fei Liang, Cheng He, Dazhi Lu, Qiannan Fang, Yu Fu, Haohai Yu* Huajin Zhang* and Yan-Feng

Chen*, Multiphonon-assisted lasing beyond the fluorescence spectrum, Nature Phys. 18, 1312-1316
(2022).

2. Yu Fu, Fei Liang, Cheng He, Haohai Yu* Huaijing Zhang* Yan-Feng Chen* Photon-phonon
collaboratively pumped laser, Nature Commun. 14, 8110 (2023).
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Decouple electron and phonon transport for
high-performance thermoelectrics

Jiaging He ({a{£i&

Department of Physics, Southern University of Science and Technology (SUSTech)

BEAREN:

AEBHIR 1998 REBRINAFYIRFZZ T2, 20045 KB RIAE
BEETFAEARPORSEFRNYESFE LA, 2004-20125F5E7E5E
EREREXERILWENAILAZ . WABLRKRAERERRE
K, MEBERHELE. ARAMTEEE: ERNBETFEMSE. ABEMR
AR S S XEM, ESHESCIEE LR FBIENature(355) 0
Science(8/)FLX290R%R; 183 & 51A37000)k, HEFI1. ENEN
REBEF) 28NS E R BBEFI4IN,

RERE:

Thermoelectrics enable direct heat-to-electricity transformation, but their performance has so
far been restricted by the closely coupled electron and phonon transport. The figure of merit,
ZT, is the essential measure of thermoelectric performance and can be calculated by ZT =
S%20 T/k, where S, g, k, and T are Seebeck coefficient, electrical conductivity, total thermal
conductivity and absolute temperature, respectively. Although established strategies to
optimize ZT usually treat electrical and thermal properties separately, enhancing ZT requires
simultaneous optimization of the adversely interdependent S, o, and k which is challenging
because most crystal imperfections are believed to scatter both phonons and electrons. This
presentation will show that the power factor (S20) can be boosted by trap hole release and
energy-band engineering including band convergence. The total thermal conductivity can be
suppressed by the introduction of all scale defects, high entropy, quantum gap and so on,
which provide general methods for boosting their thermoelectric performance. It will also
illustrate three typical examples'> (IV-VI compounds and AgCrSe,) of emerging excitements
in nanostructured materials and systems for thermoelectric materials. It will highlight the role
of advanced and classical electron microscopy in unravelling the hierarchical architecture of
the constituents and their intimate interplay in governing key phenomena in thermoelectric
materials.

SE3H:

1. B.H.lJia, J.Q. He?*, et. al., Science, 384, 81 (2024)

Y. Lu, J.Q. He*, et. al., Nature Nanotechnology, 18, 1281 (2023).
B.B. Jiang, J.Q. He*, et. al., Science, 377, 208 (2022).

B.B. Jiang, J.Q. He*, et. al., Science, 371, 830 (2021).

L. Xie, J.Q. He*, et. al., Physical Review Letters, 125, 245901(2020).
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IRERE: FrEMESHNEREIN. W, FFSREEESERHRFIVEEERtEESFE
AIERRIER 2N BINME, IREABLUECHRENHARARNE, EEUSFRRRERLE,
NAFFRERNSYEERERNA. &%, FFSEFEEEFR, RE 7R FIEBRIAENR
BR[1-3], thiRTE TIRFE[4IFIEE-REEEHIRNEKS]. W5, FFSBEIERZERMEE, RETHF
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[1] “Analyzing the Carrier Mobility in Transition-metal Dichalcogenide MoS2 Field-effect Transistors” ,
Advanced Functional Materials, 27, 1604093 (2017).

[2] “Realization of Room-Temperature Phonon-limited Carrier Transport in Monolayer MoS2 by
Dielectric and Carrier Screening” , Advanced Materials, 28, 547-552 (2016).

[3] “High-Performance Monolayer WS2 Field-Effect Transistors on High-k Dielectrics” , Advanced
Materials, 27, 5230-5234 (2015).

[4] “"Emerging Theory and Novel Materials: The New Opportunity For Promoting Thermoelectric
Performance” , Annalen der physic, 531(4), 1800437 (2019).

[5] “Phonon entropy engineering for caloric cooling” , Applied Physics Reviews, 10, 031411 (2023).

[6] “Magnon relaxation time in ferromagnetic Cr2Ge2Te6 monolayer governed by magnon-phonon
interaction” , Applied Physics Letters, 118, 023102 (2021).

[71 "Magnon-magnon interaction and magnon relaxation time in ferromagnetic Cr2Ge2Te6 monolayer” ,
Physical Review B, 102, 235434 (2020).

[8] “Magnon-phonon coupling: from fundamental physics to applications” , Phys. Chem. Chem. Phys., 25,
21802-21815 (2023).

[9] “Regulating thermal conductivity of monolayer MnPS3 by magnetic phase transition” , Nanoscale, 15,
1180-1185 (2023).

[10] “"Giant Thermal Switching in Ferromagnetic VSe2 with Programmable Switching Temperature” ,
Nanoscale Horizons, 8, 202-210, (2023).

[11] "Actively and reversibly controlling thermal conductivity in solid materials” , Physics Reports 1058,
1-32 (2024).

[12] "Topological nodal-point phononic systems” , Matter, 7(2), 320-350, (2024).

[13] “Phononic Weyl pair, phononic Weyl complex, phononic real Chern insulator state, and phononic
corner modes in 2D Kekulé-order graphene” , Applied Physics Reviews, 10, 031416 (2023).

[14] "Topological thermoelectrics: new opportunities and challenges” , Materials Today Chemistry, 30,
101488 (2023).

[15] "Topological nodal line phonons: Recent advances in materials realization” , Applied Physics
Reviews, 9, 041304 (2022).
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