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Supplementary Notes

Supplementary Note 1
The failure mechanisms of TEB, BHC-TES and BHC-TEB

Similar to the Line I in Figure 2a, the load-deflection curves of TEB and BHC-
TES exhibit linear feature before ultimate fracture (Figure 2b). For TEB, the crack
appears and grows fast leading to a typical brittle failure. Hence, the energy is all
absorbed by the crack propagation in TEB, thus leading to a huge electrical resistance
change to be disconnected (Figure 2c¢) and a smallest energy absorption of 0.05 mJ
(Supplementary Figure 9). For BHC-TES, the crack appears and grows first and then
the load was transferred from BTS to PI filaments (similar to the Line II in Figure 2a).
Finally, debonding between BTS and PI filaments occurs when the bending load
increases further. Therefore, the absorbed energy enhances to 0.66 mJ (Supplementary
Figure 9) and the electrical resistance change deceases to 11.4% (Figure 2c¢). Similar to
the Line III in Figure 2a, the energy applied on BHC-TEB is absorbed by PDMS
through elastic deformation first and then the crack appears and grows fast leading to
ultimate failure of TEB. Afterwards, the energy is reabsorbed by the elastic deformation
of PDMS. Although the energy absorption of BHC-TEB enhances to 2.22 ml]
(Supplementary Figure 9), the resistance appears a large increase of 108.9% due to

lacking of PI filaments (Figure 2c).



Supplementary Note 2
The detailed estimation of electrical output of TET under high temperature
difference

The voltage of TET under 47T of 1.2 K, 2.5 K, 3.8 K, 5.0K, 6.0 K, 15 K and 25 K
are measured as 20.53 mV, 42.03 mV, 61.92 mV, 80.20 mV, 97.29 mV, 237.79 mV and
391.00 mV. Therefore, the AV-AT curve is linearly fitted to be 4V=15.835-47+1.804
(R?=0.9995). Afterwards, giving the value of 47=50 K and 80 K, the corresponding

voltage is calculated as 793.55 mV and 1268.60 mV.

Since the TET and the external resistance are in series, the fraction that appears
across a given resistance in a series circuit is the ratio of the given resistance to the total

series resistance according to the voltage-division principle. Therefore, the voltage of

AV

the external resistance can be calculate as Uiz = —

R. Where, Uk is the voltage of

external resistance, AV is the open circuit voltage of TET (793.55 mV and 1268.60 mV

at AT of 50 K and 80 K)), R is the external resistance and r is the internal resistance of

793.55
R+30.1

TET (~30.1 Q). Hence, Ui = RA—ITR can be rewritten as Ui = R and Ui =

268.60 . .

;+301 R when AT is 50 K and 80 K. The power of the external resistance can be
UgR? AV (o )

calculated as P = = (E) R. Therefore, the power can be rewritten as P =

55 : .

(222292 and P = (2222R when AT is 50 K and 80 K. The current can be

R+30.1 R+30.1
A . :

calculated as: | = ——. Hence, the current can be rewritten as Uy = 7355 and U R =
R+r R+30.1

1268.60
R+30.1

when AT is 50 K and 80 K. As a result, the V-I curve, V-P curve and the R-P

curve can be obtained by giving a series value of external resistance R.



Supplementary Note 3
The stress and strain simulation of TET in bending conditions

In order to roughly simulate the load and deformation distribution in textile
substrate and TE segments in TET during bending process, we simplified the textiles

and TE string as block (Supplementary Figure 17).



Supplementary Note 4
The estimation of theoretical voltage and power generation of TET
The theoretical voltage output of the as-prepared TET can be estimated by |AV| =

|N (Sp — Sn)AT|. The theoretical maximum power output of the as-prepared TET can

2 - 2
be estimated by P,g, = Av? _ IN(Sp=Sn)ATI?

- - . Where, N is the number of thermocouple

(86), S, is the Seebeck coefficient of p-type leg (0.198 mV/K), S, is the Seebeck
coefficient of n-type leg (-0.162 mV/K), r is the internal resistance of TET (30.1 Q).

Therefore, |4V] and Puax can be rewritten as: |AV| = |86 x (0.198 4+ 0.162) X AT| =

_ 2 2
130.96AT| and P,q, = [N(Sp 4~in)AT] _ [86><(0.118X-|-3(2).1162)><AT] = 7.961(AT)?. Hence,

when ATis 1.2 K, 25K, 3.8K, 5.0K, 6.0K, 15K, 20 K, 25 K, the theoretical AV is
33.44 mV, 69.66 mV, 105.88 mV, 139.32 mV, 167.18 mV, 417.96 mV, 557.28 mV and
696.60 mV. The theoretical Py is 9.29 pW, 40.30 uW, 93.12 uW, 161.21 pW, 232.15
uW, 1450.92 uW, 2579.41 pW, 4030.33 pW.

Because of the existence of contact thermal resistance, thermal resistance of the
PDMS layer and the power consumption of external circuit, the measured 4V is 20.53
mV, 42.03 mV, 61.92 mV, 80.20 mV, 97.29 mV, 239.33 mV, 318.50 mV and 397.68 mV,
and they are 58.43% of the theoretical 4V. The measured Puax is 3.64 uW, 14.90 uW,
32.06 uW, 53.81 uW, 78.79 uW, 469.40 uW, 814.13 uW, 1269.77 uW, and they are

34.17% of the theoretical Pax.



Supplementary Note 5

The detailed estimation of cooling capacity of TET

The heat absorbed from the outside per unit time at the cold side (cooling capacity,
Q) can be established as: Q, = mrgrT1l — %121’ —k'(Ty = Ty) = SpprTyI — %Izr -
k'(Ty —Ty) = Srgr (T, — AT)I — %Izr —k'"-AT . Where, Srer is the Seebeck
coefficient of TET, 77 is the temperature of cold surface, 7> is the temperature of hot

surface, / is the input current, r is the internal resistance of TET, Q. is the cooling

capacity, &k’ is the thermal conductivity of TET.

NpA NpA NppMmsApDMS NpjApj NeextiteAtexti
[ pK + n nK + K K + textilefitextile

K +
D L, PDMS Lo PI

Ktextile » N=

Lppms Ltextile

Lp
A, L and x are the number, area, length and thermal conductivity of each part.

In this work, S7r=0.015835 V/K, T7,=300 K, r=30.1 Q, N,=N,=86,
Nppoms=Np=172, Niewie=1, Ap=Ar=1 mm?, Appus=3 mm?, Ap~=0.00785 mm?,
Ateite=15.17 cm?, L,=L,=Lppms=Lpr=Leexite=5 mm, x,=0.62 W/(m'K), ,=0.38
W/(m-K), kppus=0.2 W/(m-K), kp/=0.03 W/(m-K). The calculated x’=0.06826 W/ K.

Therefore, cooling capacity can be rewritten as:

1
Q. = 0.015835(300 — AT)I — EIZ X 30.1 — 0.06826AT

(a) AT=0.5K, Q. = 4.74261 — 15.05/? — 0.03413
(b)4T=1.0K, Q. = 4.73471 — 15.05I% — 0.06826
() AT=2.0K, Q. = 4.7188] — 15.05/> — 0.1365
(d)AT=3.0K, Q. = 4.7030 — 15.05I% — 0.2048
() AT=5.0K, Q. = 4.67131 — 15.05I% — 0.3413
The cooling capacities of TET with 500 pairs of TE segments are predicted using

the same method. As predicted, S7£7=0.09206 V/K, T>=300 K, =175 Q, N,=N,=500,
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Nppms=Np=1000, Niexite=1, Ap=An=1 mm?, Appus=3 mm?, Ap~0.00785 mm?,
A[ex[ile:88.20 sz, Lp:Ln:LPDMS:LP]:L[ex[lle:5 mm, Kp:()62 W/(m'K), Kn:0.3 8
W/(m-K), kpprms=0.2 W/(m-K), xp=0.03 W/(m-K). The calculated x’=0.3969 W/ K.

Therefore, cooling capacity can be rewritten as:

1
Qc = 0.09206(300 — AT)I — 1 X 175 — 0.3969AT

(a) AT=0.5K, Q, = 27.5720I — 87.5I% — 0.1985
(b) AT=1.0K, Q. = 27.5259I — 87.51% — 0.3969
(c)AT=2.0K, Q, = 27.4339] — 87.5I2 — 0.7938
(d)AT=3.0K, Q. = 27.3418I — 87.51% — 1.1907

(e)AT=5.0K, Q, = 27.15771 — 87.5I2 — 1.9845

All the cooling capacity and input current relationship can be found in Supplementary

Figure 23.
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Supplementary Note 6

The detailed estimation of maximum cooling capacity of TET

As described in Supplementary Note 5, the cooling capacity can be calculated by
equation of Q. = SpgrTil — %I 2r — k'(T, — T;). Obviously, when the performance of

the TET (S7zr, r, k) is constant, the cooling capacity of the TET is related to the current
passing through the TET and the temperature difference between the hot side and cold

side. That is, for different applied current and temperature difference conditions, the

) o . o d . .
cooling capacity is different. Similarly, if dgc = 0, the optimal current / can be obtained

I = . = 3ET Theref: h di it ; _ 1Ster®m’® _
as lq = Iy = =—. Therefore, the corresponding cooling capacity Qc =>=—

Kk (T, — Ty). Further, if it is defined that the TET is in the optimal current working state
and the cooling capacity is the maximum when the temperature difference between hot

side and cold side is 0, then the cooling capacity Qcmax of the TET can be obtained as

2
_ 1S57eT T,2

Qcmax - 2 r

In this work, S7er=0.015835 V/K, T/=T>-4T=300-AT (T is the temperature of cold
side, 7> is the temperature of hot side, 4T is temperature difference between hot side

and cold side), =30.1 Q, Therefore, the limit of cooling capacity can be rewritten as:

B 1Srpr2 (T, — AT)? _10.015835%(300 — AT)?
cmax = 9 r 2 30.1

Therefore, the maximum cooling capacity Qcmax 1s 0.374 W, 0.372 W, 0.370 W,

0.367 W and 0.362 W when AT'is 0.5 K, 1.0K, 2.0 K, 3.0 K and 5.0 K.

12



Supplementary Note 7

The detailed estimation of maximum attainable A7 of TET

The maximum attainable AT is related to the cooling capacity of the TET and the

external thermal load. Using the heat balance equation of the cold side of TET Q. =
STETT:lI - %IZT - kI(TZ - Tl) = STETTll - %127‘ - k, - AT (Supplementary NOte 5),

SrETTiI—51%T-Qc

o . For the condition of no external thermal

it can be obtained that AT =

load (Q=0), if d(dAIT) = 0, the optimal current / can be obtained as Iy = STEr—TTl When

the TET works at this optimal current, the maximum temperature difference 47 . can

be calculated according the equation: AT,,,, = %Z T, 2. Because AT=T>-T; (T is the

temperature of cold side, 7> is the temperature of hot side, 4T is temperature difference

between hot side and cold side), AT, ax = T2 — Timin = %ZTIZ. Hence, Tyipmin =

_ 2
A 1+ZZT_2 1’ Where Z = —STET In thlS WOI'k, STET:0015835 V/K, T2:300 K, 7":301 95

Z ri!
x'=0.06826 W/ K (Supplementary Note 5 and Supplementary Table 9). Therefore, T7min

and AT are calculated to be 294.7 K and 5.3 K.

13



Supplementary Note 8

The detailed estimation of coefficient of performance of TET

The coefficient of performance (COP) of the as-prepared TET is defined as:
COP = % , where, Q. is the cooling capacity of TET (Supplementary Note 5 and
Supplementary Table 10), P is input power. The applied voltage V across the TET
should be equal to the voltage drop across the TET (Vz=Ir) plus the voltage drop
required to oppose the Seebeck voltage Vs=Srer(T2-T;), that is, V = Vg + Vs = Ir +

Ster (T, — Ty). Therefore, the input power P can be obtained as P = IV = [?r +
Ster(Ty — T = 1?1 + SpgrATI. Then, the COP can be calculated as: COP = % =

SrETTil—51%T—k'-AT
12r+STETATI

. In this work, S7£7=0.015835 V/K, T/=T>-AT=300-AT (T, is the

temperature of cold side, 7> is the temperature of hot side, 4T is temperature difference
between hot side and cold side), »=30.1 Q, x¥'=0.06826 W/K (Supplementary Note 5

and Supplementary Table 9). Therefore, COP can be rewritten as:

0.015835(300 — AT)I — %12 X 30.1 — 0.06826AT

COP =
30.1/2 + 0.015835ATI

4.74261-15.0512-0.03413

(a) AT=0.5K, COP = -
30.1/40.007918I1

4.73471-15.051%>—0.06826
30.112+0.015841

(b) AT=1.0K, COP =

4.71881-15.051%2-0.1365

(c) AT=2.0K, COP = :
30.11+0.031671

_ _ 4.7030-15.0512-0.2048
(d)4T=3.0K, COP = 30.112+0.047511

4.67131-15.051%2-0.3413
30.112+0.079181

(e) AT=5.0K, COP =

The COP of TET with 500 pairs of TE segments are predicted using the same

method. As predicted, S7£r=0.09206 V/K, T/=T>-4T=300-AT (T} is the temperature of

14



cold side, 7> is the temperature of hot side, AT is temperature difference between hot
side and cold side), =175 Q, x=0.3969 W/ K (Supplementary Note 5 and

Supplementary Table 9). Therefore, COP can be rewritten as:

0.09206(300 — AT)I — %12 x 175 — 0.3969AT

COP = 17512 + 0.09206ATI

_ 27.57201-87.512-0.1985
- 17512+0.046031

(a) AT=0.5 K, COP

27.52591—-87.512—0.3969
175124+0.9206]

(b) 4T=1.0K, COP =

27.43391-87.51%—0.7938

(c)AT=2.0K, COP = .
17514+0.184121

27.34181-87.51>—1.1907
1751%2+40.276181

(d) 4T=3.0K, COP =

27.15771-87.51°—1.9845
17512+0.4603I

(e) AT=5.0K, COP =

All the COP and input current relationship can be found in Supplementary Figure 23.

15



Supplementary Figures

a Graphite mold m & b
—-H £4 P filaments
FEE -
— 1 h-2
0P
TFEEEE tungsten steel
— sheets

Supplementary Figure 1 | The manufacturing process of bead-like THC-TES. a. The
mold used to produce bead-like THC-TES. b. Placed the cleaned PI filaments in the
middle of each graphite mold in a complete sequence (the diameter of PI filaments is
~0.1 mm). c. Put the tungsten steel sheets (5%4.5 mm?) into the holes (1x5 mm?)
between each graphite mold on one side. d. Put the p-type and n-type powders into the
holes between each graphite mold on the other side alternatively. e. Blocked the holes
containing TE powders with tungsten steel sheets (5x5.5 mm?). f. Placed the whole

graphite mold achieved by (e) in a tungsten steel frame and applied a pressure of 200
16



MPa for 1 h to mold the TE powders. g. Demolded the graphite mold from the tungsten
steel frame and heated it through two pieces of carbon paper (TORAY, TGP-H-060, 62
mm in length, 12 mm in width and 0.19 mm in thickness) under a current of 4.5 A for
30 min under Ar atmosphere (supplied power is ~61 W). h. Demolded the BHC-TES
from the graphite mold. i. Sintered the BHC-TES through the two pieces of carbon
paper under a current of 5.5 A for 10 s under Ar atmosphere (supplied power is ~91 W).
j- Brushed liquid metal onto the surface of TE segment with a cotton swab to pre-wet
the connecting surface. Injected liquid metal on the PI filaments to connect p-type and
n-type TE segment. Note: the length of inter-electrode made by liquid metal is 2 mm.
k. Injected the mixture of PDMS precursor and curing agent (ratio of precursor and
curing agent is 10:1) into a 3D printed mold (2 mm in width and 2 mm in depth) for 0.5
mm-thick and pre-cured it at 55°C for 30 min. Subsequently, placed the BHC-TES
coated with liquid metal (the sample obtained in (j)) on the pre-cured PDMS layer. 1.
Injected the mixture of PDMS precursor and curing agent into the mold again until full

fill the mold. m. Cured and demolded the bead-like THC-TES (n). Scale bar: 20 mm.

17



a Liquid metal (GaysIn,s) b Liquid metal (Gazgln,s)

n-type TE segment

p-type TE segment

Supplementary Figure 2 | The contact angle between TE segment and liquid metal.

a. p-type TE segment. b. n-type TE segment.

18



§ BTS w/o-UHS - BTS w/-UHS
| BiySbycTe, G | Bi,Teg Sey, 1 BiTe, Sey,

& s’ 2
| s

e
Supplementary Figure 3 | The FESEM images and EDS patterns of BST and BTS
without and with UHS process. a. The FESEM images of the surface of BST w/o-UHS,
BST w/-UHS, BTS w/o-UHS and BTS w/-UHS. Scale bar: 2 um. b. The EDS patterns

of the surface of BST w/o-UHS, BST w/-UHS, BTS w/o-UHS and BTS w/-UHS. Scale

bar: 10 pm.
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Supplementary Figure 4 | X-ray diffraction (XRD) patterns of BST w/-UHS (a) and

BTS w/-UHS (b).
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Supplementary Figure 5 | Temperature-dependent electrical thermal conductivity,
lattice thermal conductivity (a), power factor (PF) (b) and ZT values (c¢) of BST w/-

UHS and BTS w/-UHS.
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Supplementary Figure 6 | Brunner-Emmet-Teller (BET) results of BST w/-UHS and
BTS w/-UHS. Isotherms (a), cumulative (b), and differential pore volume distributions

(c) for BST w/-UHS and BTS w/-UHS.
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BTS PI filament PDMS _
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Supplementary Figure 7 | The diagrams and three-point bending conditions of TEB

(a), BHC-TES (b), BHC-TEB (c) and THC-TES (d) for experimental characterization.
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Supplementary Figure 8 | a. The EDS mapping of BTS surface. b. The XPS patterns

of Te element on sintered PI filaments.
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Supplementary Figure 9 | The energy absorption of TEB, BHC-TES, BHC-TEB and
THC-TES under three-point bending condition. The energy absorption is calculated

from the area in Figure 2b.
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Supplementary Figure 10 | The simulation models and operation principles of TEB

(a), BHC-TES (b), BHC-TEB (c) and THC-TES (d).
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Supplementary Figure 11 | The simulated stress at crack tip with different crack

growth length of TEB, BHC-TES, BHC-TEB and THC-TES.
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Supplementary Figure 12 | Optical images of THC-TES, warp yarn (elastic) and weft

yarn using in TET.
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Supplementary Figure 13 | The draft plan (top) and denting plan (bottom) of salvage

(a) and fabric (b) using TE yarn. c. The lifting plan of TET.
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Supplementary Figure 14 | Thermoelectric power generation of TET. a. Short circuit
current and power density as a function of voltage density at different A7. b. Output

power density of TET as a function of external resistance at different AT.
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Supplementary Figure 15 | Diagram of the measurement and composition of internal

resistance of TET.
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Supplementary Figure 17 | a. The model and operation principle of simplified TET.

b. The stress distribution of TET. c. The stress distribution of TE segments in the TET.
The total deformation (d) and strain distribution (e) of TET. f. The strain distribution of

TE segments in the TET.
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Supplementary Figure 18 | The boundary condition for power generation simulation

(a) and solid-state cooling simulation (b).
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Supplementary Figure 19 | The simulated and measured data of TET in power

generation mode and Peltier cooling mode. a. The output voltage of TET with altered

applied temperature difference. b. The temperature decrease of TET with altered input

current.
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Supplementary Figure 20 | The output voltage of TET. The TET was worn on an arm,

the ambient temperature is ~8°C and the surface body temperature is ~32°C.
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Supplementary Figure 21 | The practical application of TET. a. Circuit diagrams of
charging supercapacitors in in-parallel mode through TET (top) and powering wearable
electronics by supercapacitors switched to in-series mode (bottom). Optical images of
powering electronic watch (b) and body thermometer (¢) by charged supercapacitors.
Voltage of supercapacitors which are charged by TET and discharged by thermo-

hygrometer (d), pedometer (e) and body thermometer (f).
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Supplementary Figure 22 | The output voltage of TET with human motion. a. TET

wearing on elbow. b. TET wearing on wrist (7umpien: ~20°C).
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Supplementary Figure 23 | The calculated cooling capacity (Q.) and coefficient of

performance (COP) of TET with 86 pairs (a) and 500 pairs (b) of TE segments.
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Supplementary Tables

Supplementary Table 1 The element composition of p-type BST and n-type BTS

TE powders, p-type and n-type TE segment without and with UHS process.

Bi (at%) Te (at%) Sb (at%) Se (at%)
BST TE powders 6.25 68.64 25.11 /
BST w/o-UHS 7.62 59.72 32.66 /
BST w/-UHS 7.87 63.96 28.17 /
BTS TE powders 30.99 66.51 / 2.50
BTS w/o-UHS 36.83 59.97 / 3.20

BTS w/-UHS 36.74 60.28 / 2.98
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Supplementary Table 2 Details regarding materials’ parameters used in the static-

structural finite element analysis.

Young’s Poisson’s  Bulk Shear
Density
Materials modulus ratio modulus  modulus
(g/cm?)
(GPa) (GPa) (GPa)
TE bulk 0.898 0.25 0.599 0.359 5.70
PI filaments 21.96 0.4 36.60 7.84 1.43
PDMS 3x1073 0.3 2.5x10°%  1.15x107 0.92
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Supplementary Table 3 The estimation parameter of Linearly Fitted AT-AV curve

of TET

AT/IK  AV/ImV Note Linearly Fitted AT-AV curve

1.2 20.53 Measured

2.5 42.03 Measured

3.8 61.92 Measured

5.0 80.20 Measured AV=15.835-4T+1.809 (R?=0.9995)
6.0 97.29 Measured

15 239.33 Fitted

25 397.68 Fitted

Note: AT is temperature difference, A4V is output voltage.
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Supplementary Table 4 The estimation parameter of output voltage, power and

current relationship of TET at high temperature difference

AT/IK  AV/imV r/Q Equation Circuit diagram
AV
50 793.55 30.1 P = R
) .
AV g TET URj
80 1268.60  30.1 = LA
R+r ;

Note: AT is temperature difference, AV is output voltage, 7 is the internal resistance of

TET, R is the external resistance, Uk is the voltage of external resistance.

43



Supplementary Table 5 The calculation of inner resistance of TET

o/S/ecm  Alcm? L/lcm N Equation R/Q

p-type segment 493 0.01 0.5 86 8.722
NL

n-type segment 524 0.01 0.5 86 R = — 8.206

o
Garslnzs 34600 0.01 0.2 173 0.1
Contact resistance / / / 344 / 13.07
Total resistance / / / / / 30.1

Note: g, A, L, N and R are the electrical conductivity, cross-section area, length, number
and resistance of each composition.

Contact resistance=(Total resistance)-(resistance of p-type segments)-(resistance of n-
type segments)-(resistance of Garslnzs).

Single contact resistance=(Contact resistance)/N=13.07/344=38 mQ.

Contact resistivity=(Contact resistance)x4=380 uQ-cm?.
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Supplementary Table 6 Details regarding materials’ parameters used in the

thermal-electric finite element analysis.

Materials x (W/m-K) p (Q-m) S (LV/K)
PDMS 0.2 / /
PI filament 0.03 / /
Liquid metal 26.43 2.89x107 /
P-type leg 0.62 2.03x107 198
N-type leg 0.38 1.91x107 -162
Warp yarn 0.263 / /

Weft yarn 0.04 / /
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Supplementary Table 7 The estimation of theoretical output voltage of TET

AT Sp Sn ATzh ATm ATm
N Equation
/K ImVIK /mV/K /mV /mV AT
1.2 0198 -0.126 86 33.44 20.53 0.6140
25 0198 -0.126 86 69.66 42.03 0.6034
3.8 0198 -0.126 86 105.88 61.92 0.5848
5 0.198 -0.126 86 139.32 80.2 0.5757
|AV| = |N(S, — S, )AT]|
6 0.198 -0.126 86 167.18 97.29 0.5819
15 0.198 -0.126 86 417.96 239.33 0.5726
20 0.198 -0.126 86 557.28 318.5 0.5715
25 0198 -0.126 86 696.60 397.68 0.5709

Note: ATy and AT, represent the theoretical and measured output voltage of TET.
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Supplementary Table 8 The estimation of theoretical output power of TET

AT Sp Sn Pma.x—th Pma.x—rﬂ Prﬂax—rﬂ
N r/Q Equation
/K /mV/K /mV/K /uW /IJ.W /Pmax-th
12 0198 -0126 86 301 9.29 364 0.3920
25 0198 -0126 86 30.1 40.30 149 0370
38 0198 -0126 86 301 93.12  32.06  0.3443
AV?
5 0198 012 8 301 B, =- 16121 5381 03338
T
6 0198 -0126 85 301 _N(S _45”)“ 23215 7879  0.3394
T
15 0198 -0.126 86 30.1 1450.92 4694 03235
20 0198 -0126 86 30.1 257941 81413 03156
25 0198 -0126 86 30.1 403033 126977 03151

Note: Pumax-th and Ppax-m represent the theoretical and measured output power of TET.
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Supplementary Table 9 The calculating of thermal conductivity (x’) of TET

86 pairs of TET Alm? L/Im xW/mK N K'IWIK

p-type segment 1x10® 0.005 0.62 86 0.010664
n-type segment 1x10® 0.005 0.38 86 0.006536
PDMS layer 3x10° 0.005 0.2 172 0.02064
PI filaments 7.85x10®  0.005 0.03 172 8.1E-05
Textile substrate  1.517>10°  0.005 0.1 1 0.03034

K’ (total) 0.06826

500 pairs of TET Alm? L/m x/W/mK N xK'IWIK

p-type segment 1x10 0.005 0.62 500 0.062

n-type segment 1x10 0.005 0.38 500 0.038
PDMS layer 3x10° 0.005 0.2 1000 0.12
PI filaments 7.85%108  0.005 0.03 1000 0.000471

Textile substrate ~ 8.82x10°  0.005 0.1 1 0.1764

K’ (total) 0.3969

Note: N, A4, L and x are the number, area, length and thermal conductivity of each part.

x’ 1s the thermal conductivity.
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Supplementary Table 10 The calculating parameters of cooling capacity of TET

N  Swer/VIK ToAK ATIK r K’ Equation

86 0.015835 300 0.5 30.1 0.06826

86 0.015835 300 1 30.1 0.06826

86 0.015835 300 2 30.1 0.06826

86 0.015835 300 3 30.1 0.06826

86 0015835 300 5 30.1 006826 Q, = S;pr(T, — AT) — %Izr
500 0.09206 300 05 175 0.3969 — k' -AT
500 0.09206 300 1 175 0.3969

500 0.09206 300 2 175 0.3969

500 0.09206 300 3 175  0.3969

500 0.09206 300 5 175 0.3969
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Supplementary Table 11 The calculating parameter of maximum cooling capacity

of TET
Ster/'VIK T/ K Ti=T>-AT 7/Q AT Oumar = %STET;Zle
0.5 0.374
1 0.372
0.015835 300 300-4T 30.1 2 0.370
3 0.367

5 0.362
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Supplementary Table 12 The calculating parameter of maximum attainable 47T of

TET
5. 2 Tymin ATmax=
Ster/VIK — r/Q kK/WIK — Ty/K gz =_TET
rK’ _ \/1 + 22T, -1 To-Timin
B Z
0.015835 30.1 0.06826 300 1.2204x10* 294.7 5.3
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Supplementary Table 13 The calculating parameter of COP of TET

Ster/VIK  To/ K Ti=T-AT  r/Q K' AT Equation
0.5
1
S TI—lIZT—k"Z
0.015835 300 300-47 30.1 0.06826 2 TET1" 2
121 + SyprATI
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