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Fig. S1 Comparison of the specific strength and specific stiffness of B. mori silk with other
natural and synthetic materials. Ashby plot of natural and synthetic materials are adapted from

reference [S1]

A

Tranferred Charge (mC)

———d;=100um, d,=160um

——d,=200pm, d,=320um
d,=300pum, d,=480um

Tranferred Charge (mC)

00 05 10 15 20

2.5

Separation Distance (mm)

3.0

05 10 15 20 25 30

Separation Distance (mm)

0.0

Fig. S2 Effect of thickness and relative permittivity on real-time transferred charge: a Effect
of thickness of SF (d1) and PTFEF (d2) on the transferred charge (Q) of the EHT,
respectively. b Effect of relative permittivity of SF (&,,) on the transferred charge (Q) of the

EHT
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Fig. S3 Schematic illustration of geometry of full-packaged core-shell yarns without gaps on
core yarns

(b)

Fig. S5 SEM image of surface morphology on SF/SSF yarn after incubated in HFIP for
7days, 14days, and 28 days
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Fig. S6 Loading force-strain curves of SSFs and SF/SSF yarns

Fig. S7 SEM image of cross section of the SF/SSF yarn after being tensiled to failure

Fig. S8 SEM image of the SF/SSF yarn in EHT. The area recoloured in blue were the base
fabric
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Fig. S9 Photograph of the SF/SSF yarn woven into large scale textile
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Fig. S10 Long-time cyclic deformation test of the SF/SSF fabric: a Photographs of the
SF/SSF fabric bending along longitudinal directions. b Photograph of the SF/SSF fabric
bending along transverse directions. ¢ Photograph of pristine SF/SSF fabric. d Photograph of
SF/SSF fabric after 2.3 million of cyclic deformations. e SEM image of pristine SF/SSF
yarns. f SEM image of SF/SSF yarn after 2.3 million of cyclic deformations. image of SF/SSF

Fig. S11 a Photograph of the 8>8 cm EHTSs used as wearable power generation fabric to drive
25 LEDs. (Ambient humidity: 70%) b Photograph of the power generation floor used to drive

a group of LEDs. (Ambient humidity: 50%)
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Fig. S12 Measured voltage of capacitors with different capacities (10 puF—330 pF) charged
by the energy harvesting floor. (Ambient humidity: 37%)

The detailed derivation process about output voltage of SF/PTFEF EHT

The derivation is based on reference [S2]. The Equation 1 can be solved by specifying the
boundary condition. We assume that the two plates are close to each other at t =0. Hence, the
boundary condition is

Qt=0)=0 (S1)

Then Eq. S1 can be solved analytically as

Q(t) = oS — gSexp I— R;eo (dot + J‘tx(t)dtﬂ
0

9do L (4 t+ft (O)dt
Rey P | RSgo\ 0" T )"

t 1 z
XJO exp lRSSO <doz+Lx(z)dz>l dz (52)

Then, we consider a special case that the top plate starts to separate from the bottom one at a
uniform velocity, under the external mechanical force.

x(t) = vt (83)

Substitute Eqg. S3 into Eqg. S2, we can obtain,

Q(t) = oS |1 — exp(—At — Bt?) + V2Fexp(—At — Bt?) X Dawson (%)

—V2F x Dawson (% + \/Et)] (S4)

Therefore, the current and voltage output can be derived as
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1(t) = Z—f = ¢S [exp(—At — Bt?)(4 + 2Bt)
— V2Fexp(—At — Bt2)(A + 2Bt) x Dawson (i) —A

. V2
ﬁ-l_\/ﬁt)

X Dawson (% + \/Et)] (55)

24

V(t) = RI(t) = RoS [exp(—At — Bt?)(A + 2Bt)

F
—V2Fexp(—At — Bt?)(4 + 2Bt) x Dawson (—) —A

V2
F
+24 (— + \/Et)
V2 F
X Dawson (— + \/Et)] S6
7 (56)
V(x) = RoS ( 4,5 2)(A+ZB) 1-V2F xD (F)
(x) = RoS jexp SX T X X awson 7
F B F B
—Al1—2<—+—x>XDawson<—+—x>l (§7)
V2 v V2 v
In the above expressions,
do
= S8
RS¢g (58)
B = v S9
~ 2RSe, (59)
po A (510)
V2B  /RSegyv
X
Dawson(x) = exp(—xz)f exp(y?)dy (S11)
0
Table S1 Parameters of the EHT
Dielectric 1 (SF) d; =01mm, ¢, =45
Dielectric 2 (PTFEF) d, =0.16 mm, &, = 2
Avrea size of the Dielectrics S 25 cm?
Tribo-charge surface density o 0.001 C/m?
Maximum separation distance X, 3mm
Average velocity v 0.012 m/s
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Table S2 Diameters of shell yarns on SSF

SF D; = 0.10mm D, = 0.17mm
PTFEF D; = 0.16mm D, = 0.20mm

Supplementary References

[S1]U.G.K. Wegst, M.F. Ashby, The mechanical efficiency of natural materials. Philos. 84,
2167-2186 (2004). https://doi.org/10.1080/14786430410001680935

[S2]S. Niu, S. Wang, L. Lin, Y. Liu, Y. Zhou, Y. Hu, Z.L. Wang, Theoretical study of contact-

mode triboelectric nanogenerators as an effective power source. Energy Environ. Sci. 6,
3576-3583 (2013). https://doi.org/10.1039/c3ee42571a

S7/S7


http://springer.com/40820
https://doi.org/10.1080/14786430410001680935
https://doi.org/10.1039/c3ee42571a

