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Figure S1. Schematics of flexible film TE devices. (a) vertical n-shaped configuration

and (b) lateral m-shaped configuration.

n-Ag,Se 5833

Ambient temperature: 298 K

Hot side: 309 K

Figure S2. Schematics of the Y-shaped flexible film TE device used for the three-

dimensional finite element simulation. It contains four Ag,Ses7S¢33 legs. Some

boundary conditions are listed in the figure.
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Figure S3. Simulated ATjeg, Vyar, Rin, and P, of a Y-shaped flexible film TE device
including four Ag,Se( 675033 legs under different Wy, In the simulation, Hy is set as
0.2 mm and Ly is set as 9 mm. The hot side temperature is set as 309 K and the
ambient temperature is set as 298 K. The heat transfer coefficient is set as 10

W-m2K-!.

.....

Figure S4. 3D finite element simulation of the device’s performance. (a) Open-circuit
voltage (Voc) and (b) internal resistance (R;,) of a Y-shaped flexible film TE device
containing four Ag;Seg 75033 legs under different height (H7x) and length (L7z). The
model used for the simulation is shown in Figure S2. The heat transfer coefficient (%)
is set as 10 W-m2K-!. The hot side temperature is set as 309 K and the ambient

temperature is set as 298 K.
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Figure S5. Backscattered electron image and elemental energy dispersive spectroscopy

(EDS) mappings at the interface between Ag,Seq 75033 and platinum wire.
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Figure S6. Contact electrical resistivity of Ag,Seq¢75¢.33/Pt interface. (a) Resistance (R)
line scanning across the Ag,Sep¢7S033/Pt interface. (b) Comparison on the contact

electrical resistivity (p.) of typical TE materials and metals. The detailed data can be
found in Table S2.
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Figure S7. Schematics of the preparation process for the Y-shaped flexible film TE
device.




Figure S8. Scanning electron microscopy image of the interface between thermally

conductive copper block and Ag,Se 475033 TE leg.
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Figure S9. Simulated and measured (a) AT}, and (b) P, of a Y-shaped flexible film
TE device including 4 Ag,Se( 75033 legs. The Hrg is set as 0.2 mm and the Lz is set
as 9 mm. In the simulation, the ambient temperature is set as 298 K and the hot
side temperature is set as 309 K. The A, is set as 10 W-m2-K-!. The 6. is set as 0
Kem?W-1, 5 Kem?W-!, 20 Kem?W-!, and 50 Kcm?W-!, respectively. In the
experiment, the ambient temperature is set as 298 K and the hot plate temperature

is set as 309 K. The wind speed is set as 0 m-s!.
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Figure S10. Simulated maximum output power (P,,,) and temperature difference
(AT},) for the Y-shaped flexible film TE device under different heat transfer coefficient
(h4ir)- The length of the uni-leg (L7x) is set as 9 mm, Hyg is set as 0.2 mm and Wy is set
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as 3 mm. The hot side temperature is set as 309 K and the ambient temperature is

set as 298 K.
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Figure S11. Schematics of the spot-welding method used in this work. The distance

between the two Cu probes is about 2.5 mm.



Table S1. Comparison on the output performance of different kinds of flexible film TE

devices. Power density (P,,,/A, where P, is the maximum power output and A4 is the

cross-sectional area of the device) and corresponding open-circuit voltage (Vpc) of Y-

shaped flexible film TE device developed in this work and typical flexible film TE

devices reported before. All data are taken from the condition when the device is worn

on human body.

P,./A
Composition Voc (mV) Reference
(rW-cm?)
16.5 0.2
n-Ag,Sep¢7S 41.7 1.1 This work
Y-shaped £25€0.6750.33
27 0.55
PEDOT:PSS/CNT/Bi,Tes 1.2 8.1x10 !
-Ag,,S,T
, fAg057 16 0.2 0.01 2
Vertical p-(AgCu)o.9985€0.22S0.08T€0 7
-sh d -Bi, T
m-shape Bl 2.9 0.72 3
p-szTC3
n-SWCNT/PEI
61.4 4.3x1073 4
p-SWCNT/PAA
n-PEDOT:PSS
6.1 1.2x10 5
p-SWCNT/P3HT
-Bi, T
R 4.1 11x10% 0
Lateral p-BigsSb; sTes
n-shaped p-EG3-GIC2, 3.7 1.8x10+4 7
n-Ag,Se 3.1 1.8x102 8
n-Ag sSe 3.5 2.6x104 9
n-Cu-doped Ag,Se 2.1 2.7x104 10
-WS
SG 2.4 6.7x10 n
p-NbSe,
Table S2. Contact electrical resistivity (p,) for typical TE materials.
P (1Q-cm?) Reference
Ag280,33Seo,67/Pt 3 This work
Bi0,4Sb1_6Te3/Ni 1 12
Bi2T62,5Seo,5/Ni 1 13
Mg;,Sb sBig49Teg 1/Fe 5.4 14
Ing 0035Pbo.9965T€0.99610.004/Fe-Sb 1 15
Nao_ozpboggTe/SIlTe 1.3 15
Yb0‘3CO4Sb12/Ti83A112 6 13
CCF63‘35MHOI15Sb12/TiggA112 94 13
(AgSbTe,),5(GeTe)gs/SnTe 7.6 16




Cu,Se/Mo 0.5 17
Geo_g(;Cuo_%SbvogTe/NiGe 1 18

Table S3. Normal internal resistivity (R;,S/NI, where N is the number of TE legs in the
device, S and [ are the cross-section area and length of one TE leg inside the device,
respectively) of the flexible film TE device developed in this work and the traditional
lateral m-shaped flexible film TE devices reported before.

Composition R;,S/NI (-m) Reference
Ag,Se 5.7x105 8
n-Ag,Se/Ag/CuAgSe 7x104 19
Ag,Se-based Ag,Se 1.6x104 20
n-Ag, sSe 2.5x104 9
n-BC/Ag,Se 1.7x10°3 2
-Bi, T
B 3.2x104 2
p- szTC3
p-Bio_4Sb1.6T€3 3.4X10'5 B
n-Bi,Te, ;Se
Bi,Te;-based 2Tl 1.5x10°3 2
p-BigsSb; sTes
n- B12T63/CFF 3.5x1073 »
-Bi,T
et 2.6x10 6
p-BigsSb; sTes
-CeoTiS
0 i 2.1x10° 2%
p-PEDOT:PSS/SWCNTs
p-PANI/SWCNTs 2.2x10° 7
Organic-based
p-PEDOT:PSS 1.1x10 2%
p-PVDF/SWCNT 5.2x10° 2
p-PEDOT:PSS 2.0x10 0
AgrS€0.6750.33 1.1x10°3 This work

Table S4. Temperature difference (AT},) built across the TE legs in the Y-shaped
flexible film TE device prepared in this work and some vertical n-shaped flexible TE
devices consisting of film and bulk TE legs reported before. All data are taken from the

condition when the device is worn on human body.

Composition Tair (K) AT (K) Reference
293 2.2

H-Agzseo'6780_33 293 5.6 This work
293 3.6

Vertical n-AgS;Te; 298 0.1 2




P-(AgCu)o.9985€0.22S0.08Te0 7

n-shaped

n—Bi2T63
(film TE legs) 288 1.1 3
p—szTe3
BixSeosT
fhRt0 T 295 1.56 31
p-Big4Sb; ¢Tes
“BirSeosT
HB1SC0s Te2 297 0.27 »

p-BigsSb; sTes
n-Bi,Seq3Te
Vertical st 296 136 »
p-B10.5Sb1'5T€3
n-shaped -
II-BIQSGO':;TCQ]
(bulk TE legs) , 294 18 34
p-BigsSb;sTe;
n-BiySe3Te; 5
p-BigsSbysTe;
n-Bi,Seg3Te, 7

p-Big sSb; sTes

294 1.2 3

290 1.54 36

Table S5. Maximum power generated by per TE leg (Pyax/N, where N is the number of
TE legs in the device) for the Y-shaped flexible film TE device prepared in this work

and reported before and some lateral n-shaped flexible film TE devices reported before.

Composition AT (K)  Pu/N (pW) Reference
2.5 0.11
n—AgQSeOA67SO,33 5.7 0.59 This work
3.6 0.29
n-Bi,Te
Y-shaped 2 7.3 6.3x1072 37
p-Sb2T€3
PEDOT:PSS/CNT/Bi,Te; 39 3.3x1073 !
-Bi,T
PR es 6.65 23103 3

p-Big3Sb; 7 Tes
n-SWCNT/PEI

5.1 6.4x10* 4
p-SWCNT/PAA
n-PEDOT:PSS
8 1.3x10* 3
p-SWCNT/P3HT
Lateral -Bi,T
atera ThRe 7 3.4x10° ¢
n-shaped p-BigsSb sTe;
p-EG3-GIC2, 3.9 6.4x10* 7
n-Ag,Se 2 1.8x102 8
n-Ag, sSe 5.8 5.8x104 9
n-Cu-doped Ag,Se 1.8 7.4x104 10




Table S6. Detailed material parameters used in the simulation.

Electrical Thermal Seebeck Heat
Density
conductivity conductivity  coefficient capacity
(kg-m?)
(S'm1) (W-m! K1) (nV-K") (J-kg'K")
AgrSe)675033 1.2x10° 1.1 -125 7986 267.53
Pt electrodes 8.9x106 71.6 \ 21450 133
Copper 6x107 400 \ 8960 385
PDMS \ 0.16 \ 970 1460
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