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Supporting Text
One-dimensional heat transfer model
Here the simplified one-dimensional heat transfer model was used to derive the maximum voltage

density (Vpc/4) and power density (P,,,/4) of a TE leg with the cold end surface directly exposed
to air (Fig. S1). The one-dimensional model is derived under the following assumptions. 1) The
model contains only one homogenous TE leg. 2) The heat flow inside the TE leg is unidirectional
from heat source to air. 3) The four side surfaces of the TE leg are assumed to be adiabatic and
only the heat in the upper surface is convectively exchanged with air. 4) The physical properties
of the TE leg are temperature independent. 5) Contact electric/thermal resistance at the interface
between TE leg and heat source is set zero. Under these assumptions, the thermal resistance of the
TE leg (0ig), the thermal resistance between the air and TE leg (0,,), and the temperature
difference on the TE leg (AT}.,) can be expressed as
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Substituting Equations (1) and (2) into Equation (3) yields
h.l
AT, =—"—T,-T, 4
leg hairl‘l‘K'( h alr) ( )
The open circuit voltage (Vo) of the TE leg can be described as
Voo =|S|AT,,, (%)
Substituting Equation (4) into Equation (5) yields
|S hairl
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The internal resistance (R;,) and maximum output power (P,,,) of the TE leg are described as
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Substituting Equations (6) and (7) into Equation (8) yields
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Pmax — o > ( h alr) air (9)
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The voltage density (Voc/4) and power density (P,,../A) of the TE leg can be expressed as

S\h .1
Voot =Ll 7 1. 10
ocC A(hal_rl + K) ( h a[r) ( )
? T.-T. )h,>
Pmax /A: S o ; ( h alr) hazr l (11)
(hairl+K) 4

where S is the Seebeck coefficient, o is the electrical conductivity, x is the thermal conductivity, /
is the height of the TE leg, 4 is the cross-sectional area of the TE leg, A, is the heat transfer
coefficient, 7}, is the temperature of the heat source, and 7;. is the ambient temperature.

It should be noted that there are many limitations for this one-dimensional model. For
example, in the real case, the TE leg includes the solder, metallization layer, and electrode. The

electric/thermal resistance at the interfaces cannot be neglected. In addition, the heat flow inside



the TE leg is not unidirectional, and the heat would be also dissipated from the four side surfaces
of the TE leg. Thus, this simplified model can just qualitatively give the main influence factors to

Voc/A and P, max/A.
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Fig. S1 Schematics for the simplified one-dimensional heat transfer model used for the derivation

of maximum voltage density (Vpc/A) and power density (P,,,,/A4).
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Fig. S2 TE properties of Ag 995Aug.005T€0.750.3, Ag0.9Sb1.1Tex.1, Big.4Sby ¢Tes, and Biy Tes gSe . ()
Temperature dependences of electrical conductivity o, (b) absolute value of Seebeck coefficient

IS|, (¢) thermal conductivity x, and d) TE figure-of-merit z7.
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Fig. S3 Room-temperature performance of typical TE materials. (a) |S| vs x and (b) $°c vs k°. The
data are taken from Ref. 41.!
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Fig. S4 Simulated (a) cold side temperature (7;) and (b) temperature difference (AT},) across the
TE legs as a function of the length of the TE leg (/) for the Ag;.995Aug.005T€0.7S0.3/Ag09Sb1 1 Tes

TE device. The data of Big4Sb; ¢Tes/Bi,Te, sSep, TE device are included for comparison.
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Fig. S5 Simulated (a) voltage density (Voc/4) and (b) power density (P,,./4) as a function of TE

leg’s height (/) for the Agigo9sAugoosTeo7S03/AgooSbiTe;; TE  device and
Big4Sby ¢Tes/Bi,Te, 3Seq» TE device under the heat transfer coefficient (%,;.) of 5 Wm2K-!.
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Fig. S6 Backscattered electron image and elemental energy dispersive spectroscopy (EDS)
mappings at the (a) Agj.g9sAUg005T€0.7S03/W/Sn/Cu interface and (b) AgyoSby1Te,1/W/Sn/Cu
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Fig. S7 Comparison on the contact electrical resistivity (p.) of the Ag;g9sAuggosTeo7S03/W and
AgooSby 1 Te, /W interfaces with those reported for the state-of-the-art TE materials.?®
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Fig. S8 Measured output voltage (¥) and output power (P) as a function of current (/) under
different hot side temperatures (7},) for (a) Ag;.995AUg.005T€0.7S03/Ag0.9Sb; 1 Te, 1 TE device and (b)
Bij4Sb; ¢Tes/Bi,Te, sSep, TE device. The ambient temperature (7,;,) is 295 K.
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Fig. S9 Measured voltage (V) and power output (P) as a function of current (/) when the
Biy4Sb, ¢Tes/Bi;Te, gSep, TE device is worn on the human wrist. The ambient temperature is 290

K and 280 K, respectively.
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Fig. S10 Schematics of the home-made TE device test platform. The device is placed on a hot
plate. The upper end of the device exchanges heat with the environment in a way of natural heat

convection.

Table S1. Comparison on the output performance (Voo/A and P,,/A) of the
Agi.995sAUg 005T€0.7S0.3/Ag0.oSby 1 Te, 1 TE device prepared in this work and the Bi,Tes-based TE
devices reported before. All data are taken from the wearing condition when the devices are worn
on human body in the windless indoor environment without additional cooling facilities.®!> The



device parameters, including the cross-sectional area (4) and the length of TE legs (/), and the

ambient temperature during the measurement (7,;,) are included for each TE device.

C iti A (cm?) Voo P T (K I
omposition cm .

p (chm_z) ("Wcm-Z) air ( ) (mm)
BiZSeo.3Te2,7/Bi0_SSb1_5Te3 300.0 0.48 1.42 297 5
BiZSeO.3T62,7/Bi0,5Sb|,5Te3 25.0 2.98 4.50 295 5
Bi,Seq3Te; 7/BigsSby sTes 25.0 4.68 10.70 283 5
BiZSeo.3Te2_7/Bi0_5Sb1,5Te3 16.8 15.86 6.96 ~290 2
Bi,Seq3Te; 7/BigsSby sTes 16.5 1.33 5.98 291 3.7

Bi 991Ag0.009T€2.691S€0.310.009/Bio.
2.3 14.21 7.89 287 3.14
4Sby ¢Tes

Bio.gsb1_2TC3/Agzseo_67So'33 6.5 0.92 0.40 293 0.1

BlzTC3/B104Sb16Te3 20.3 0.68 0.14 ~290 6
Agj.995AU0 005 T€0.7S03
1.0 22.72 20.55 290 3
/AgooSby 1 Tes
Agj.995AU0 005 T€0.7S03
1.0 32.59 42.03 280 3

/AgooSb; 1 Te

Table S2 Rom-temperature TE properties and physical properties of AgyoSbyTe;,

Ag1.995AUg 005T€07S0.3, Big4Sby ¢Tes, and Bi, Te; gSe , used for the simulation.

c(Sm')  k(Wm'K')  S@VK!) pkgm?) Cr
(J.kg-l .K—l)
AgooSby  Te, 18000 0.58 247 6592 205
Ag1.995AU0.005 28000 0.39 -139 7460 238
Tep7S03
Bio4Sb; ¢Te; 100450 1.26 232 6737 186

Bi,Te; gSep 85000 1.33 -228 7584 162
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