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Fig. 1. (a) Bilayered thin film with metal/semiconductor
structure; (b) measurement schematic given based on the

parallel mode.
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Table 1.  Measurement results of Seebeck coefficient on front and back of the bilayered thin films at room temperature.
n-Si Ag/n-Si SI-Si Ag/SI-Si Cu/n-Si Cu/n-Si
1ET/(uWV-K ) -430 -1.25 -3.33x10* -2.78x10" -7.83 -8.02
S/ (uWV-K D) -416 -218.75 -3.24x10* -3.89x10* -401 415
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Fig. 2. (a) Schematic diagram of the measurement principle of low-temperature electrical transport; (b) schematic diagram of CTA-3

=l ===

measurement principle.
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Fig. 3. Measurement schematic of Seebeck coefficient without Pt (a) and with Pt (b) plated at both ends of bilayered thin films.
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Fig. 4. Two-layer thermoelectric model: (a) Without Pt high resistance interface; (b) Pt low resistance interface; (c¢) Pt electrical

insulation interface; (d) Pt high resistance interface; (e) Pt low resistance interface; (f) Pt electrical insulation interface.
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Fig. 5. (a) Thermoelectric potential distribution diagram with Pt model; (b) thermoelectric potential distribution diagram without

Pt model; (¢) thermoelectric potential distribution diagram at the hot end of the Pt model; (d) thermoelectric potential distribution

diagram of the cold end of the Pt-free model.
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Fig. 6. (a) Thermoelectric potential distribution curves with and without Pt model; (b) Seebeck coefficients measured at different

positions on Si and Cu side with and without Pt model and their parallel verification formulas.
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Fig. 7. (a) High resistance or electrical insulation interface without Pt; (b) thermoelectric potential distribution diagram of double-
layer thermoelectric model without Pt low resistance interface.
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Fig. 8. (a) Thermoelectric potential distribution curve at the interface without Pt high resistance or electrical insulation; (b) ther-

moelectric potential distribution curve without PT-low resistance interface; (c¢) Seebeck coefficients at different locations of double-

layer thermoelectric models without Pt high resistance or electrically insulated interfaces; (d) Seebeck coefficients at different posi-

tions of a two-layer thermoelectric model without Pt low resistance interface.
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Fig. 9. (a) Interface with low or high Pt resistance; (b) thermoelectric potential distribution diagram of double-layer thermoelectric
model with Pt electrical insulation interface.
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Fig. 10. (a) Thermoelectric potential distribution curves on Si side, interface and Cu side of the double-layer thermoelectric model
with Pt high resistance and low resistance interface; (b) Seebeck coefficients at different locations of double-layer thermoelectric
models with Pt high or low resistance interfaces; (c) thermoelectric potential distribution curves of Si side, interface and Cu side of

double-layer thermoelectric model with Pt electrical insulation interface; (d) Seebeck coefficient with Pt electrical insulation inter-
face at different positions.
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Fig. 11. (a) Seebeck coefficients of Si/Ag bilayer films on Si side and Ag side at different temperatures; (b) Seebeck coefficient of
Bi/Ag bilayer film on Bi side and Ag side at different silver plating thickness of Pt at 300 K.
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Study of parallel models for thermoelectric properties of
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Abstract

Currently, the measurement and prediction of the electrical transport performance of thermoelectric double-
layer membrane is often based on the theory of parallel model. However, the conditions under which the parallel
model can be used lack theoretical and experimental support and validation. In this work, the Seebeck
coefficients of Cu/Si and Ag/Si bilayers under applied temperature difference are obtained by using finite
element theory simulations with the help of COMSOL Multiphysics software and compared with the results
from the parallel model. Whether the ends of the bilayer plated with a metal Pt layer, and the insertion of a
high-resistance/low-resistance/insulation interface between the bilayers affect the Seebeck coefficient
measurements of the bilayer are investigated. It is found that when there is no Pt at the hot end or cold end,
the potentials on the Si side and Cu side at the high-resistance and electrically insulating interfaces are
uniformly distributed along the direction of the temperature gradient, respectively, and the measured Seebeck
coefficients are the same as the values of the materials’ own, respectively, and the thermal potential on the Cu
side at the low-resistance interface varies uniformly with the probe spacing L, while the thermal potential on
the Si side shows a non-uniform variation. With Pt, the thermal potentials on the Cu side and Si side are
uniformly distributed along the direction of the temperature gradient, and the measured values on both Si side
and Cu side are the same as the Cu Seebeck coefficients, regardless of the insulating/high-resistance/low-
resistance interface. The Si/Ag and Bi/Ag bilayers are investigated experimentally. In the absence of Pt, the
absolute value of the Seebeck coefficient on the Si side of Si/Ag bilayer decreases with temperature decreasing,
but the absolute value of the Seebeck coefficient on the Ag side increases with temperature decreasing. In the

presence of Pt, the Seebeck coefficients on both sides of the Bi/Ag bilayer membrane are equal.

Keywords: double-layer thermoelectric film, Seebeck coefficient, double layer parallel model, COMSOL
Multiphysics
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