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Note 1: Voltage density and power density

Herein, a simplified one-dimensional steady-state heat transfer model is adopted to derive the
voltage density (V,./A) and power density (P,./A). In this model, the thermal resistance
between the TE leg and the heat source is neglected. The cold end of the TE leg is directly
exposed to air. The heat transfer obeys one-dimensional model. The schematics is shown in
Fig. S12. The open-circuit voltage (V,.) and maximum output power (P,,,) of this TE leg can
be simply expressed as

Voc=naTeff (1)
2
p _ Voc
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where n is the number of TE legs, a is the Seebeck coefficient, and T, is the temperature
difference on the TE leg.

The internal resistance (R;,) of this TE leg is described as
H
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where H is the height of TE legs, S, is the cross-sectional area of a single TE leg, o is the

electrical conductivity of the TE material.
Substituting Equations (1) and (3) into Equation (2) yields
n-a®- Tejch
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In this case, the thermal resistance of the TE legs (67x), the thermal resistance between the
air and TED (6y;,), and the T, can be expressed as
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where 4 is the total cross-sectional area of the TE device, H is the height of TE legs, T}, is the
temperature difference between the human body and the ambient environment, « is the thermal
conductivity of the TE material.
Then, the voltage density (V,./A) and power density (P,.../A) can be expressed as
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Where PF is the power factor of the TE material.
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Fig. S1 Sketch maps of (a) a conventional bulk TE device and (b) typical film TE devices.



20 300 11.0

1% {0.8
15}
~ 200
2 g 0.6
=10 150 2
€ 7 104
100
5 L
“ {02
0 0 Jo.0

Agy 00sCuSe 5,8 05T€ Ag,80335€).67

Fig. S2 TE properties of the AgZSO_33Seo_67 and Ag0<995CuSeQ22So_ogTegq bulks at room

temperature.
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Fig. S3TE properties of the AgZSO,33Seo.67 and Ag0_995Cuseo_zst.OgTeoj films with the thickness

of 60 um. (a) Temperature dependences of electrical conductivity (o), (b) Seebeck coefficient
(@), and (c) power factor (PF).
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Fig. S4 Simulated internal resistance (R;,) as a function of n/4 for the blade TE device with

different H/Sj,.
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Fig. S5 Cloud charts illustrating the relationships among n/A, H/Si,, V,/A4, and P,./4 at

convective heat transfer coefficient of (a, b) 10 Wm=2K-! and (¢, d) 50 Wm2K-!.



Fig. S6 Backscattered electron image and elemental energy dispersive spectroscopy (EDS)
mappings at the (a) Ag,Sy33S¢e67/Pt interface and (b) Aggg9sCuSey2,S.0sTe€o 7/Pt interface.
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Fig. S8 Schematics of the homemade TE device test platform.
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Fig. S9 Measured output power (P) and output voltage (¥) as a function of current (/) for the
15-couple blade TE device under different cold-side temperatures (7¢) and different wind

speeds (V) when it is worn on human wrist.
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Fig. S10 (a) Schematic for the mechanical shock test. (b) Relative resistance changes of a

blade TE device during the mechanical shock test.
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Fig. S11 Schematics of the spot-welding method used in this work.
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Fig. S12 Schematics for the simplified one-dimensional heat transfer model used for the
derivation of maximum voltage density (Voc/4) and power density (P,,,./4).
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Table S1 Comparison of the aspect ratio (H/S,,) and density (n/4) of TE legs for typical
TE devices. The maximum power density (P,,./A) and voltage density (Vyc/A)) of typical

TE devices reported before. All data are collected in the wearing condition.

H/Sjeq n/A VoA Prad A
Type Shape Ref.
(cm™) (em?) (mVem?) (pWem?)
386.5 22 .
This
Blade structure 1250 375 491.3 33.2
work
869.6 114.1
83 28 25.8 71.8 !
87 42 334 43.6 2
50 6 7 25.1 3
15.6 2 2.5 18.4 4
20 2 1.6 1.6 3
Bulk n-shaped 30 34 33 42 ‘
50 18 9.2 29 7
4 4 1.8 20.6 8
7.7 8 4.5 56 o
8.2 8 7.75 138.46 10
39 22 6.2 9.5 1
8 4 33 73.7 12
500 2 1.1 0.18 13
2666.7 1 0.94 0.04 14
25000 5 1.5 0.0043 15
n-shaped 47619 3 1.4 0.00011 16
, 1600 1 0.4 0.019 17
Film 3200 1 0.63 0.04 18
5700 1 0.5 0.018 19
150 2 1.3 1.1 20
Y-shaped 321.4 3 2.28 2 21
S-shaped 1040 3 0.33 0.0068 22




Table S2. Detailed materials’ performance used for modeling the output performance of

blade TE device in this work.

Seebeck Electrical Thermal
. . .. Power factor .
Materials coefficient  conductivity conductivity
(WWem'K?2)
(LVK?Y) (104 Sm™) (WmK)
Ag250_33Seo_67 -130 10.6 17.9 1.1
Ag0.995CuSeo‘22SO_OgTeoj 216 1.09 5.08 0.33
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