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Figure. S1. Schematic diagram of the home-made TENG test device.

The speed and acceleration of the contact separation of the device were 0.48 m s°!
and 0.2 m s2.
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Figure. S2. (a) SEM image of PVDF fibers before cycling. (b) SEM image of PVDF fibers after

cycling. (¢) SEM image of PA6 fibers before cycling. (d) SEM image of PA6 fibers after cycling.
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Figure. S3. The basic structure of TENG model.

The model was shown in Fig. S3. The PVDF friction layer and the PA6 friction layer

d d

were stacked face to face, the thickness of which was ~1 and 2. The relative

permittivity was €r1 and ©r2 respectively. X (t) was a function of time with respect to

external forces. When the two friction layers were in contact, electrostatic charges with

opposite signs would appear, and charge densities were the same as 9.

The induced potential difference was V, the amount of charge transfer was Q,
TENG’s V = @ — X relationship was unified as:

ox(t)

__Q
V= S—go(d0 +x(8)) + .

Derived by electrodynamics Open circuit output voltage V,. and output charge

Qe

ox(t)
oc= £
_ Sox(t)
Csc = dy + x(t)

x(t) was a function of time. For different separation distances, X during the entire
contact separation process was different, resulting in different £. Wang found through
d

research that when X(t) increases from 0 to 10
4

0, the transfer charge in the loop



d

increases rapidly. Therefore, in the range of 1070, with the increase of the separation

distance X (t), both t and Q. increase. But the increase rate of Q. was higher than the

increase rate of t. So the intensity of instantaneous current also increases.

The version of COMSOL software was COMSOL 5.4, the modules used were the
nonlinear structural material module and the structural mechanics module, and the
model was an elastoplastic material model, the initial yield stress was 250 Mpa. When
simulating the pressure distribution of PVDF fiber during compression, the Young’s
modulus was 1.42 Gpa, the Poisson’s ratio was 0.4, and the density was 1.8 g cm™.
When simulating the pressure distribution of PA6 fiber during compression, the
Young’s modulus was 2.32 Gpa, the Poisson’s ratio was 0.28, and the density was 1.13

gcm’,
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Figure. S4. The basic structure of FLEC model.
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Figure. SS5. Calculation of effective area. (a-d) were time integral of current. (e) Relationship
between surface charge density and pressure. (f) Contact profile of disordered and ordered

fabrication layer. The distance between the ordered PVDF (g) and PAG6 (h) fibers.

According to the particle size distribution diagram, the average diameter of PVDF
fiber and PA6 fiber was 18.7 um and 272.6 nm. According to the fiber spacing in Fig.
S5g, the average fiber spacing of PVDF and PA6 were 226.5 microns and 2.7 microns.



In TENG (2x6 cm?):

Estimate the number of PVDF fibers: n = 60000 + (18.7 + 226.5) = 245

Calculate the area of PVDF fiber: S = 0.00187 x 2 x 245 =~ (.92 cm?

Estimate the effective contact area:

The number of PAG6 in the effective contact area: n;=18.7 + (2.7 + 0.272) = 6

Effective area: S;=272.6 x 6 x 245 x 2x 107= 0.08 cm?

According to the power density under the effective contact area is 1800 W m 2, as
shown in Fig. S5. As previously reported, the principle of power generation of
nanogenerators was generally derived from the capacitance model, that is, a voltage V
was added between the two plates of the capacitor, and the change in capacitance with
time causes the change in the amount of charge Q on the plate, which lead to the flow
of current in the external circuit.

dQ v dC
dt dt * VE (1)

For the TENG, because the distance between the plates changes greatly, the two

items in Equation (1) were relatively important and cannot be ignored, so the current

of the external circuit was

[ dQ do,
Cdt Cdt )
According to Equation (2), it can be obtained
Q= | Idt
3)
¢=o (4)

According to the current data under 1.5 N, 2.5 N, 4 N and 5 N in Fig.3c, 4 sets of
different data were randomly obtained to obtain the charge Q integral as shown in Fig.
S5a-d. According to Equation (4), the charge density was calculated as As shown in

Fig. S5e, as the pressure increases, the charge density continues to increase.

According to the current data in Fig. 2a, the integration can be used to obtain that

the Q transferred in one cycle was 41.5 nC, the effective contact area was 0.08 cm?,



output power was 1800 W m=2, ¢ was 5.09 C m™.



Figure. S6. SEM images of disordered PA6 (a) and PVDF (b) fibers.
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Figure. S7. Output power dependence on load resistance
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Figure. S8. (a) The structure of the TENG. (b) The relationship between the current and angle in
polar coordinates. (¢) Voltage output of TENG at different angles. (d) Fitting relation between
charge accumulation and Angle.

As shown in Fig. S7c, there was no linear relationship between the voltage and the
relative angle. The voltage amplitude was almost unchanged when the relative Angle
changed. The current output was the amount of charge transfer per unit time. As shown
in Fig. S7d, the amount of charge transfer had a linear relationship with the relative
angle, so the current output had a linear relationship with the angle. The current output
in polar coordinates was shown in Fig. S7b. The amount of charge transfer was the
product of the frictional charge density and the specific surface area, and the frictional
charge density was only related to the contact material. Therefore, under the change of
the relative angle, as the amount of charge transfer increased, the specific surface area
increased. The detailed explanation was as follows:

The basic structure of TENG was shown in Fig. S7a. The flat plates composed of

PVDF friction layer and PAG6 friction layer were stacked face to face, the thickness of
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d

which was 1 and dZ. The relative permittivity was &1 and &2 respectively. X(t) was

a function of time with respect to external forces. When the two friction layers were in
contact, electrostatic charges with opposite signs would appear, and charge densities

were the same as 0.

The sum of the thickness of all dielectric materials between the two electrodes and

the value of their relative permittivity was defined as dO:
n dl'

d, = Z_

b s,

(=1 (1)

The induced potential difference was V, the amount of charge transfer was Q,

TENG’s V-Q-x relationship was unified as:

ox(t)

%0 )

0
V=- S—go(dO +x(t)) +

Derived by electrodynamics Open circuit output voltage V. and output charge Q:

_ox(t)
oc & 3
_ Sox(t)
Csc= dy+ x(t) @)
Qsc= fads )
ne= [ .

0 in equation (3) was only related to the contact material. Under different angles,

0 did not change, so the output voltage Yoc also did not change, as shown in Fig. S7c,

so the relative angle change had no effect on the voltage output of TENG. In equation

(%), Qsc was the integral of o over the area. ¢ did not change as the relative angle

changed, while the amount of transferred charge was linearly related to the relative

angle (Fig. S7d). Therefore, the specific surface area was linearly related to the relative

angle. In equation (6), the amount of transferred charge Qsc was equal to the integral

of the current over time, while the relative angle changed, the separation distance did
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not change, so the time did not change, so the current output was only related to the
amount of transferred charge. Since the amount of transferred charge was linear with

the relative angle, the current was also linear with the relative angle.
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Figure. S9. (a) Schematic diagram of the ternary code lock structure; (b) Current with a friction
angle of 0°; (c) Current with a friction angle of 45°; (c) Current with a friction angle of 90°.
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Figure. S10. Decoding table of 26 letters with "0", "

010

100

120

210

15

011

101

121

211
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mechanical force Power Craft Reference

30N 219 W m? Electrospinning 2
56N 56.9 W m? Electrospinning 3
5N 17.17 W m Electrospinning 4
100 N 3 Wm? Electrospinning 3
5N 0.34 W m? Electrospinning 6
5N 0.26 W m™? Electrospinning 7
700 kPa 0.9 W m™? Electrospinning 8
50N 5 W m? Electrospinning ?
10N 1.08 W m™ Electrospinning 10
50N 9 W m™? Electrospinning 1

Table. S1 The output power of different TENG prepared by electrospinning.
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