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1. Experimental details
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Figure S1. Bandgap (a, b) and lattice thermal conductivity (c, d) as a function of chemical composition
x in n-type BiyTe;Sey (a, ¢) and p-type Bi, SbsTe; alloys (b, d). The images were made using data
available in [1].
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The measurement of the energy parameters of thermoelectric samples was performed using

laboratory-testing equipment presented in Figure S2.
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Figure S2. (a) Schematic view and (b) physical image of the apparatus for measurement
of output energy parameters of thermoelectric legs.

The measuring instrument consists of the heating and cooling parts. The thermoelectric
stepwise sample is placed between them. The heating of the hot sample side is performed by the wire
heater which is implemented in the metal casing while the heat dissipation from the cold side of the
stepwise sample is provided by the water flow through the channels of the heat exchanger. To improve
the heat transfer between a pair of "heater/sample" and "sample/cooler", the measurement setup
additionally includes the highly-conductive platinum (Pt) electrodes. To prevent heat losses from the
side surfaces, the sample is placed in a thermal insulation layer which is fixed in the thick ceramic
casing. To minimize the heat losses due to convection and radiation, the measurements of samples were
carried out in a vacuum.

The measurement principle of the energy parameters of the stepwise sample can be seen in
Figure S2a. Firstly, switch, and switch, were set in position (1) where the achieved temperature
difference applied to the sample sides was recorded by the thermocouples TC; and TCs placed in the
Pt-electrodes, and the generated open-circuit voltage of the whole sample was measured using the

Vi-voltameter. Then, the measurement of the OCV; value of the lower /1-layer is performed with the



help of the V,-voltameter and the thermocouples TC; and TC,. These data were used for the

determination of the Fourier heat O which flowed across the sample according to the Eq. (S1):
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where OCV is the open-circuit voltage generated by the lower thermoelectric layer; / and 4 are the

distance between measurement points (~1.5 mm) and the cross-sectional area of the sample,

respectively; S, (T)and K, (T) are the Seebeck coefficient and thermal conductivity of the

thermoelectric material of the lower thermoelectric layer at temperature 7 , which is the average value
of the temperatures measured by the thermocouples TC; and TC,.

Finally, switch; and switch, were set in position (2), where the current source delivered the
electric current which flowed through the sample. In this case, the measurement of the electric voltage
of the stepwise sample was carried out using the V, voltmeter and the thermocouples TC, and TC,4
which were placed in the lower and higher layers /1 and /2, respectively. The input electric current was
established with the value, which produces half of the open-circuit voltage generated by the sample. In
this case, the maximum electric power can be achieved. The obtained experimental data was used for

the determination of the internal sample resistance R:
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where U is the output electric voltage of the sample; / the electric current which flows through the
sample measured by A-amperemeter; L is the total length of the sample and d is the distance between
the measurement points.

The output electric power P, input heat power O;, and efficiency 1 of the thermoelectric

stepwise sample were calculated using the following equations [2]:
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where OCV is the open-circuit voltage of the sample; 7} is the temperature of the hot side of the sample;
S>(Th) 1s the Seebeck coefficient of the high-temperature thermoelectric layer at temperature 7},. During

the calculation, the Thompson heat was assumed to be equal to 0.

2. Finite element analysis

Analytical expression for calculation of the optimal layer height [3]:
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where /4;; and Ay, are the heights of the first and second layer, respectively; 4 is the total height of the
stepwise leg; T is the intersection temperature on the contact boundary of both layers which is defined

from the temperature dependence of the figure of merit of the used thermoelectric materials
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for the second layer; &, k&, are the average thermal conductivity of the first and second layer,
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is the effective thermal conductivity of the stepwise leg.

Table S1. Input parameters for numerical simulation

Value
Parameter
n-BiyTes..,Se,Cly leg | p-Bi,Sb,Te; leg

Geometry
The cross-section area, 4 28.26 mm?
The height of the first layer, /4, 8 mm 6 mm
The height of the second layer, 4, 4 mm 6mm
The total height, 4 12 mm
Materials
The first layer, /, x=0.6,y=0.015 x=1.8
The second layer, /, x=0.3,y=0.03 x=1.52




Temperature conditions
The temperature of the hot side, T}, 350-675 K
The temperature of the cold side, 7. 300 K
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Figure S3. Physical model for open-circuit voltage mode modeling by FEM (a) and
distributions of the heat flux density (b) in the n-type stepwise thermoelectric leg.
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Figure S4. The distributions of temperature (a), electric potential (b), and heat flux density (c)
in the p-type stepwise thermoelectric leg.
Analytical expressions for energy parameters determination [3]:
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where the subscript indices “/1” and “/2” denote the first and second leg layers, respectively, 4 is the
cross-section area of the sample, and the intersection temperature 7 is defined due to the temperature

distribution along the height of the thermoelectric leg.
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Figure S5. Energy conversion efficiency of (a) n- and (b) p-type stepwise legs compared
with the estimated performance of the thermoelectric Bi,Tes-based unilegs reported in [4-10].
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