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Figure S1. The temperature dependence of (a) electrical conductivity, (b) Seebeck 

coefficient, (c) thermal conductivity and (d) figure of merit for n-type Bi2Te2.79Se0.21 1 

and p-type Bi0.5Sb1.5Te3 
2.



Figure S2. The (a) temperature and (b) electric potential distributions for the n-type 

traditional single-leg thermoelectric module at ΔT = 35 °C.
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Figure S3. (a) The inner resistance, (b) output voltage, (c) working current and (d) 

maximum output power of the p-type single-leg multilayer composite thermoelectric 

module (MCTEM) as a function of the Np under different ΔTs.



Figure S4. The electric potential distributions for (a) n-type single-leg MCTEM, (b) 

π-type MCTEM, (c) cold-side external electrode of n-type single-leg MCTEM and (d) 

cold-side external electrode of π-type MCTEM at matched load condition when ΔT is 

35 oC. 
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Figure S5. The (a) temperature and (b) voltage distributions of the traditional module 

with 3 p-n couples under open-circuit condition when ΔT is 35 °C. (c) The output 

voltage and output power as a function of working current at ΔT = 35 °C.
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Figure S6. Maximum output power density as a function of ΔT for the π-type 

MCTEM and previously reported modules. The data marked by solid and open 

symbols are obtained from experimental 3-7 and theoretical articles 8-10, respectively.



Table S1. Physical properties of Ag and Al2O3

Cp ρ σ κ

(J/kgK) (kg/m3) (×106 S/m) (W/mK)

Ag 384 8960 58.1 401

Al2O3 730 3965 0 35

References:

1. L. Hu, H. Wu, T. Zhu, C. Fu, J. He, P. Ying and X. Zhao, Adv. Energy Mater., 

2015, 5, 1500411.

2. B. Poudel, Q. Hao, Y. Ma, Y. C. Lan, A. Minnich, B. Yu, X. Yan, D. Wang, 

A. Muto, D. Vashaee, X. Chen, J. Liu, M. Dresselhaus, G. Chen, Z. F. Ren, 

Science, 2008, 320, 634-638.

3. H. Choi, S. Kim, Y. Kim, J. We, M. Oh and B. Cho, J. Mater. Chem. C, 2017, 

5, 8559-8565.

4. Z. Zhou, D. Zhu, H. Wu and H. Zhang, J. Therm. Sci. 2013, 22, 48-54.

5. S. Park, S. Jo, B. Kwon, F. Kim, H. Ban, J. Lee, D. Gu, S. Lee, Y. Hwang, J. 

Kim, D. Hyun, S. Lee, K. Choi, W. Jo and J. Son, Nat. Commun., 2016, 7, 

13403.



6. H. Böttner, J. Nurnus, A. Schubert, F. Volkert, International Conference on 

Thermoelectrics, 2007.

7. M. Tan, Y. Deng, Y. Wang, B. Luo, L. Liang and L. Cao, J. Electron. Mater., 

2012, 41, 3031-3038.

8. S. Kim, H. Choi, Y. Kim, J. We, J. Shin, H. Lee, M. Oh, K. Lee, B. Cho, Nano 

Energy, 2017, 31, 258-263.

9. D. Rowe and M. Gao, J. Power Sources, 1998, 73, 193-198.

10. H. Choi, Y. Kim, C. Kim, H. Yang, M. Oh and B. Cho, Nano Energy, 2018, 

46, 39-44.


