
Supporting information

Effects of Thermal Rectification Phenomenon Induced by Structural 

Regulation on the Thermoelectric Performance of Two-dimensional Bi2Se3 Films

Xiao Yang1,2,#, Yanan Shen1,3,#, Haibo Zhao1,3, Chunyang Wang1, Pengyu Zhang1,3, Haisheng 
Chen1,2,3, Ting Zhang1,2,3,4,5,*, Xinghua Zheng1,3,*

1 Institute of Engineering Thermophysics, Chinese Academy of Sciences, Beijing 100190, China
2 Nanjing Institute of Future Energy System, Nanjing 211135, China
3 University of Chinese Academy of Sciences, Beijing 100049, China
4 University of Chinese Academy of Sciences, Nanjing 211135, China
5 Innovation Academy for Light-duty Gas Turbine, Chinese Academy of Sciences, Beijing 100190, 
China
#These authors contributed equally to this work. E-mails: zhangting@iet.cn; zhengxh@iet.cn

Supplementary Information (SI) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2025



1. Fabrication of suspended microelectrodes

Fabrication process of suspended microelectrodes are shown in Figure S1.

Figure S1. Fabrication process of suspended microelectrodes.

2.Sample transfer 

Figure S2 shows the transfer process. The reason for choosing this method is that using 

PMMA transfer Bi2Se3 films is more reliable than PDMS method. PDMS transfer of 

2D films has the possibility to make parts of the film damage.

Figure S2. Transfer process with PMMA method.

3.Uncertainty analysis

The ZT calculation used in the experiment is shown in formula (1)，where , , and 𝐼3 𝑉3

 are the current, DC voltage, and Seebeck voltage between microelectrodes 6 and 7, 𝑉4



 is the length of the sample,  is the cross-sectional area of the sample, , , , 𝐿9 A 𝑅5 𝑅6 𝑅7

, and , , ,  are the original resistance and heated resistance of 𝑅8 𝑅 '5 𝑅 '6 𝑅 '7 𝑅 '8

microelectrodes 5, 6, 7, and 8,  represents the heat flow through the sample,  is the Q 𝛼

temperature coefficient of resistance of the microelectrode, U is the heating voltage 

across microelectrode 5. The error formula can be used to calculate the error of ZT as 

follows [1].
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(𝛿𝑍𝑇𝑍𝑇 )2 = 3(𝛿𝑉𝑉 )2 + (𝛿𝐼𝐼 )2 + (𝛿𝑄𝑄 )2 + (𝛿𝑇𝑇 )2 + 2(𝛿𝑅'𝑅' )2 + 4(𝛿𝑅𝑅 )2 (2)

(𝛿𝑄𝑄 )2 = 2(𝛿𝑈𝑈 )2 + 4(𝛿𝑅'𝑅' )2 + 6(𝛿𝑅𝑅 )2 (3)

The electrode voltage is provided by a lock-in amplifier (7265DSP), with a 

minimum heating voltage of 0.104V and an uncertainty of 0.001V. So the uncertainty 

of U is δU/U ~ 0.96%. The resistance was controlled by a resistor box, which was 0.1 

ohms of adjustable minimum, and the minimum initial and measuring resistance were 

14.0 and 14.9 ohms, so the uncertainty of R and R’ was δR / R and δR’ / R’ ~ 0.71% and 

0.69%. The I was controlled by digital source meter with an uncertainty of 0.03%. The 

Seebeck voltage V was measuring by an Agilent nanovoltmeter with an uncertainty of 

0.0002 mV. The minimum voltage is 0.0323mV, so the uncertainty of V was δV / V ~ 

0.62%. The maximum uncertainty of ambient temperature ΔT3 / T3 is ±0.1 ℃ for 20.0 

℃ ~ 1%. By substituting all these uncertainties into equations (1), δZT / ZT was 

calculated as ~ 3.45%.
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