
Extracting thermal diffusivity using micro four-point probe

1. Motivation: Thermoelectric characterization with one single measurement
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 Temperature drop due to (𝐽𝑜𝑢𝑙𝑒 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 ∝ 𝑅𝐼 ) can be 
detected via second harmonic [2], as a result of 
Seebeck effect.

   𝑉 = −𝛼 (𝑇  − 𝑇 )

2. M4PP experimental setup 3. Capturing the phase delay

 Thermoelectric materials are one of the potential candidates for energy 
harvesting, however improving the characterization methodologies and 
thereby efficiency is required in order to utilize them fully.

 The efficiency of thermoelectric materials depends on the figure of merit, 

𝑍𝑇 = , where 𝛼 is the Seebeck coefficient, T is the temperature, 𝜎 is 

the electrical conductivity, and 𝜅 is the thermal conductivity.

 Here, we propose to make use of Joule heating to probe thermoelectrical 
material properties using a micro four-point probe (M4PP)1 technique.

 A measurement can be done in less than 10 seconds.

5. Conclusion

 Moving away the detection pins from the heat source will 
allow us to capture the phase delay associated with 
diffusivity of the sample.
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4. Bulk polycrystalline Bi2Te3 results at 300K, 200Hz

 Room temperature thermal diffusivity 
was extracted without any input of 
external parameters.

 Dense spatial measurement of 
diffusivity show microscopic variations 
in the sample.

 Spatial variation of thermal diffusivity 
may be due to local defects or grain 
boundaries.

 Control of the materials local structure 
may offer opportunities for engineering 
and enhancement of thermoelectric 
properties.

L10PP M4PP probe landing on bulk Bi2Te3 Schematic of the phase delay experiment as a result of effective single heater [3].
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 Diffusivity as function of electrode separation using 10 µm equidistant M4PP.
 Error bars are calculated w.r.t. reference value of diffusivity (D = 1.1 mm2 s-1).
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