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What is thermoelectricity? 

• Thermoelectricity: The science and technology considering the 

conversion between the electrical energy and the thermal 

energy. 

https://en.wikipedia.org/wiki/Tho

mas_Johann_Seebeck 

Seebeck Effect (1821-3) 

Using temperature difference to 

generate electrical power 

Peltier Effect (1834)  

Using the electrical power to 

create  temperature difference 

Instrument used by Seebeck to observe the 

deflection of a compass needle (a) due to a 

thermoelectric induced current  

https://en.wikipedia.org/wiki/J

ean_Charles_Athanase_Peltier 

http://www.thermoelectrics.caltec

h.edu/thermoelectrics/history.html 
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 Thermoelectric generator 

 Thermoelectric cooler 

 

Applications of Thermoelectricity 

Gas Company (CPC) 

Steel-making Company (CSC) 

Portable Devices 

Cooling Wine 

… 



zT & Efficiency 
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Figure of Merit (zT) 
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Efficiency comparison between TEG and 

other energy-conversion technologies.  

He, J. & Tritt, T. M. Advances in thermoelectric materials 

research: Looking back and moving forward. Science 

357, 1369 (2017). 
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zT & Efficiency 
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Figure of Merit (zT) 
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Zhu, T. et al. Compromise and Synergy in High-Efficiency Thermoelectric Materials. Adv Mater 29, 1605884 (2017). 



zT of Metals  

Wiedemann -Franz Law Seebeck Coefficient of Metals 

https://en.wikipedia.org/wiki/Seebeck_coefficient 
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Trade-off between TE Parameters  

in Semiconductors 

Snyder, G. J. & Toberer, E. S. Complex thermoelectric materials. 

Nat. Mater. 7, 105-114 (2008). 








2

l e

T
z

S
T

7 

• There has to be a trade-off 

between the electrical 

conductivity and the magnitude 

of Seebeck coefficient. 

• The zT can be enhanced by 

reducing the lattice thermal 

conductivity. This mostly 

achieved by introducing defects. 

• However, defects could 

significantly impair the electrical 

conductivity deteriorating the TE 

performance.  
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Topological-Insulator Thin Film 

8QL-Bi2Se3 

No bulks states in LLS region 

Negligible Interaction between 

the TSSs at opposite side 

Large-angle scattering is suppressed 

 LLS SLS
E=0.2 eV  

along GM 

SLS can be significant reduced 

without noticeable changing LLS 

by introducing defect  
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Experimental Evidence of  

Large LLS Relaxation Time 

Taskin, A. A., Sasaki, S., Segawa, K. & Ando, Y. Manifestation of topological protection in 

transport properties of epitaxial Bi2Se3 thin films. Phys. Rev. Lett. 109, 066803 (2012). 

T=300K 

Sheet resistance 

Electrical conductance (exp.) 

Cf. 

BTE & Exp.  

230 fs LLS

High zT 

Spectra Shubnikov-de Haas Oscillation 

+    Fermi wave number (exp.) +    Dispersion Relation (DFT) 
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Anomalous Seebeck Effect 
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Insight of Wiedemann-Franz Law 

How electrons carry heat? 

Datta, S. Lessons from Nanoelectronics: A New Perspective 

on Transport.  (World Scientific Publishing Company, 2012). 
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Solution of BTE 

 is the reduced-energy  variance  

of the differential conductivity;  

It is the only factor determine the 

extent of Wiedemann-Franz law 

violation!     

Wiedemann-Franz Law 

Indicating both charge and 

electronic heat currents 

are guided by the same  

scattering mechanisms 
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Enahance zT by Introducing Defects 

By introducing defect into the bulk like middle layers, we can 

significantly reduce the SLS relaxation time SLS  without 

noticeably deteriorating the LLS relaxation time LLS.  

This causes a further enhancement of the TE performance.  
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Temperature-dependence of TE performance 
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Conclusions 


