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Figure S2. (a) Thickness measurement of the DE-THS. (b) Thickness measurement of the

SE-THS. (c) Transmittances of the SE-THS and the DE-THS hydrogel films.
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Figure S3. Synthesized method of the LBIT hydrogel.
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Figure S4. (a) The shape evolutions of LBIT hydrogel prototypes with different LiBr
percolation percentages of 15 wt%, 35 wt% and 50 wt%. (b) SEM image of the freeze-dried
hydrogel surface. (c-d) Photographs of the pristine hydrogel and LBIT hydrogel in the

vacuum-freeze experiment for one minute and one month, respectively.

Figure S5. (a-b) Optimized structure of Li*-H,0 clusters and Br -H,O clusters, respectively.
(c) The stretchability of the LBIT hydrogel after being stored for 2 years.
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Figure S6. (a) The transferred charges of the SE-THS by the simple tapping stimulation. (b)
The response and recovery time of the SE-THS during the finger-tapping process. (c) Output

performance stability of the SE-THS after continuously operating for 36000 cycles. (d)

Enlarged view of the long-term output waveforms.
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Figure S7. Output performance of the DE-THS at: (a) —20 °C; (b) Room temperature; ()
60 °C.
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Figure S8. (a) Voltage variations of the DE-THS at different humidity levels. (b) The

relationship between the relative humidity and the output voltages of the DE-THS.
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Figure S9. The waterdrop detection experiments by the LBIT hydrogel sensor (SE-THS): (a)
the self-power generation principle during the water-PDMS contact electrification process. (b)
Relationship between the surface potential and the impinging droplet numbers. (c) The

dependence of the maximum output voltage on the height of the droplet.



WILEY-VCH

(B

[razEm

VISARRER

s
moRm | BELE
[t " BR

L2}

Figure S10. The logical diagram of the customized signal acquiring/processing procedure in

the LabView Software.



WILEY-VCH

Table S1 XPS elemental analysis of DN ionic hydrogel

Sample C O N S K Cl Li Br

Pristine Hydrogel 62.57 20.17 16.06 0.76 0.3 0.14 0 0
LBIT Hydrogel = 56.48 19.44 8.99 0.6 0.02 006 898 543
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Table S2 Comparisons of the-state-of-art thin-film flexible sensors

_ Operation Transp _ Self- Temperature Pressure
Materials o Thickness o
Principle arency Power Tolerance Sensitivity
PEFE/Graphene/PD Piezo-
. _ No 5mm Yes Yes 0.015/Pa
MS/Ag NWs!l resistance
VHB/TPU/PDMS/A _ )
WS Triboelectric 48% 89um Yes No 9.973mV/Pa
g S
VHB/PAM _ _
Hvd e Triboelectric ~90% 2.2mm Yes Yes 0.013mV/Pa
ydroge
Patterned PDMS/ _ ) .
BDAMPS | 4 Triboelectric 83% 0.2mm Yes No 0.528mV/Pa
on ge
RGD/Ti,C- _ o
Mxene/Cul® Piezoresistive No - No No 0.57/Pa
ene/Cu
Porous PDPU/Ag _ )
e Triboelectric No 4mm Yes No 17mV/Pa
Latex/PUA sliver _ )
flakes liquid metall’ Triboelectric No 300um Yes No -
akes liquid meta
Cu/PDMS/P (VDF- _ )
T FE)[B] Triboelectric No 0.59 mm Yes Yes 0.0567mV/Pa
r
Au/PDMS/Ag _ _
NWS/AS) Triboelectric No - Yes No 0.0003/Pa
S
ITO/PET/PDMS! Capacitive - - No No 0.0006/Pa
Cellulose ) ) . .
hvd VHBEY Triboelectric 94% 1.5mm Yes Yes 0.269 mV/Pa
ydroge
Poly (acrylic acid) ) o .
b 2] Piezoresistive No 1.5 mm No No 0.0005/Pa
ydroge
PDMS/ITO/PET! Capacitive - - No No 0.000055/Pa
This work Triboelectric ~90% 400pum Yes Yes 45.97mV/Pa
i)

* |s estimated from the article.- is not mentioned.
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Section S1: Theoretic calculated result about the output promotion from DE-THS (plain

PDMS and pyramidal patterned hydrogel).

-

2.7L

B Hydogel [ PDMS

Figure S11. Geometric parameters of pyramidal PDMS at initial state.

2.7L

' "
- Hydroge! [ Compressed Hydrogel I PDMS
Figure S12. Variables of pyramidal hydrogel at pressed state.

Due to the strength of PDMS is much higher than that of the hydrogel, we neglect the change

of PDMS surface area when pressed.

The pyramids were arranged in an array, so one unit block was studied firstly. As shown in
Figure S11, L means the base length of pyramids and 2.7L is the side length of one unit which
is calculated by the base length and the gap between pyramids. H stands for the height of a
pyramid. t is the thickness of the hydrogel. Owing to the inherent characteristics of

10
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anisotropic etching silicon by using TMAH, the side angle of a pyramid is usually 54.7°.
(Parameters utilized in this research: Enydroge=300 kPa, t=200 pm, L=25 pm,

€=2.6x8.85x10 *Fm*, 6=2.2 pC m?

When the external force is exerted (as is demonstrated in Figure S12), the repulsive force
makes equilibrium with the external force. Hydrogel and PDMS contact each other and the
pyramids on hydrogel could be compressed. At a compressed depth of h, the surface area of

contact region:

I x b h h ,
=4 x =4 x X =3.47h (1)
2 tan (54.7°) sin(54.7°)

contact

Because the compressed depth varies from the distance from center, we differentiate the
contact part of the pyramid according to the distance x from the edge and calculate the
repulsive force. Where dA represents the area of the micro-element, dx is its thickness, and E

is the Young's modulus of hydrogel.

The repulsive force of the target square:

dF=[Ex4x(l—2X)xdx—|xy—565{

E
t t

) Ix—2x (2)

The repulsive force at the compressed depth of h could be studied by integrating x from 0 to

0.5I:
[or =sons [T )
(EN(L . 2 ) (EY
F:S.SGLTJLEIX - J = Lt}h 4)

The repulsive force F has the following relationship with the external pressure:
11
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F=pxA,, =px(27L) (5)

Where Aynit Stands for the area of a square unit.

Therefore, we could obtain the dependence of h on external pressure p:

h_223|(£\|3 (6)

\ B

The area of contact region has the following relationship with p:

[ANEN

contact

A :3.47h2:17.21[%j (7

The above discussion is focused on one unit, the total contact area of the whole device:

w [~

A, A, (tpL
nx A — device contact < A _ device contact ><1721L p

device contact - connect connect

A 7.29L° E g
. ®)
3

= 2.36Adevice contact i\
e

The total amount of transferred charges of the whole device:

2
3

(

Q =0 xA =2.360 Adevice tatal Li\ (9)
EL

device contact

Open circuit voltage (\VVoc) is determined by the transferred charges Q and capacitance C:

RN

tp )
2.360 A, . — 2
T Ajevice total L EL J st tp )7 (10)

(ot 1)
T U el

device total

V =

ocC

Q
c
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Video S1 THS plays the role of button switch in two modes.
Video S2 Robotic hand control with five THSs.

Video S3 Gestures control of the robotic with five THSs.
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