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Abstract

Energy and information technology are related to the development of
society. It is essential to develop sustainable energy due to the increasing
energy crisis, Besides, with the speedy growth of Internet of Things, sen-
sors will deeply affect all aspects of our life, Fortunately the triboelectric
nanogenerators (TENGs) can harvest energy from the environment effec-
tively, especially a huge number of energy in the ocean, which will fill the
huge gap of the energy. Meanwhile TENGs could also be used as sensors,
which are self-powered. We present the design and application of new en-
ergy technologies based on TENGs and various types of sensing devices.

We designed a novel type of nanowires modified TENGs to transfer
the mechanical energy from the ocean to electrical energy. It is cheap,
chemically stable, light in weight and small in size, comparing with the
heavy and expensive shortcomings of traditional electromagnetic genera-
tors, It can collect low-frequency energy when the ocean flows slowly, in
which conditional the traditional electromagnetic generator could not work
effectively. The nanowires modified on the TENGs will largely increase
the contact surface and then enhance the output performance by 2 ~ 3
times.

The energy collected by the TENGs has many applications, for exam-
ple preventing the metal corrosion in the marine environment., The eco-
nomic damage caused by corrosion can up to 1 trillion! We designed differ-
ent structures of TENGs for protecting the metal corrosion. The best out-
put of the TENGs is 10 pA and 200 V, In addition, numerous TENGs are
fabricated to form a network to largely increase the output performance,
and they can reduce 80% of the metal corrosion.

TENGs are not only energy collectors, but also can be used as sen-
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sors. Here we design a TENGs based motion tracking sensor. It is self-
powered and can detect speed, acceleration, moving direction, starting
position, ending position and other physical signals. Meanwhile, it can ac-
curately detect the speed of walking, biking and cars in our life,

We also present a flexible silicon based pressure sensor. The P-type
Si wire arrays with different lengths can be fabricated by etching and then
form the LED arrays with an N-type ZnO nanofilm. The LED array device
can be transferred from the Si substrate. Therefore, a flexible LED array
device made of Si-Microwires-ZnO-Nanofilm, with the advantages of flexi-
bility, stability, light weight, and energy savings, is fabricated and can
function as a strain sensor to demonstrate the two-dimensional pressure
distribution. The flexible LED’s intensity can be increased more than 3
times (under 65 MPa compressive strains) through piezo-phototronic
effect. Additionally, the device is stable and energy saving. The flexible
device can still work well after 1000 bending cycles or 6 months putted in
the atmosphere, and the power supplied to the flexible LED array is only
8% of the power of the surface-contact LED. The promising Si-based flex-
ible device has wide range application and may revolutionize the touchpad
technology,electronic signature and smart skin.

We provide a novel method for harvesting the blue energy from the
ocean and design various types ol sensing devices, which can be widely
used in energy. corrosion preventing, motion tracking sensing. pressure

sensing and defense,

Key words: triboelectric nanogenerator; sensor; piezo-phototronic effect;
TENG; Si wire array



B X

WML LB verreroisnrcoriannansansenseocnssoisossnsoes

sssssaan e s B I
sane e . R

1.2 BEEANKBHAHLEIAL ceeeeeermreeoorsomsmisnmsonnnennons
1.2.1 B BEEEI K B HIHLeeveeererrrnossansannaen

R BE b ¢ b ova ot T e ————

123 BB R AR R Lo

L2.4 {4 HE SR BRI ereereers oo
12,5 FEBEANK R O HLAE A BRI A R oo eveeeeeee e vonon
1.3 IR TSRIIER TG TEP A, v sovons sonuseannss somsssnns san

Fis 1 350 Fs H 2800 -+
A R e

Fi AL HL T ROV 0 PN G594
Fe e o F# AR AL IR GUR A R AT -
FEHEH T - -

— — — — —_— = — et
H M . . . . . .
LWow W W W oW W W
. . h B . . . .
o =~ O O = W N -

SN -

L4 HEEEMEEANE-

F2E ETESERKRZBEHNNERKER T SHEkEHFR -

L
.- 18
- 18

2.1 3|& -
2.1.1 WHErERE - e e ey
2.1.2 Gl ELBRERGAR -

2.1.3 HRIEBHELEHER -

Fs #2000 e -2 S AR B SR AE A e

Fis # 5 L 5 250N A S R S O 4 e

FE LG T2 RN R RO ﬁ%&%%fﬁ%@
sz U

1.3.9 HEHEFHMEREETFAHORE - bR

O O ~1 B Ul e W B =

[V S VU O S —
TS TEURE R

14

17



14

BER{XZBYNEBEHNR T SHR

2.2

2.3
2.4
2.5

2.6

2.7

$3%
3.1

3.2
3,3

3.4

2.1.4 ZABETH -

il e

2.2.1 SR AL -

2.2.2 ZHRBEUESFOHE -
FE % 4 K i el ML G 05 A B 28 A S -

$%ﬁ§§%*ﬁ%ﬂiﬁ%ﬁ&%ﬁ%ﬁ%ﬁ% eauns
A% THT 9 K 45 4 F IR 8 90 K v HIL B R S 6 2% il o

1 5% 0 - -- s wes

B F BE BEYNOK & b 4L A 15 S0 4 2% 1Y B FH R B -
2.6.1 JRBE N AW B BB 2R

2.6.2 IKEhashEI RS -

M RLH -
AT NG -

ETFSHEMERAXLZBN S B ERREMNEIT
SRR - N ————
%[ . sesssssssssrasasesnes
5 VAR 75 V8 ol 72 A A A R A D 3R -

E?ﬁ%i&%%*k@ﬁﬁﬁ%ﬁﬂ%ﬁ%&ﬁ

5 fERF 9L -
3.3.1 SEEAHH BALER -

4.3.2 ﬁ%iﬁﬁ%*k@m%&ﬁﬂﬁ%

3.3.3 NEREEEAK RBHLA TR -

3.3.4  JEFUREHEYK & A ULAY M RE -

3.3.5 %?ﬁ%ﬁ%ﬁ%*k%ﬁ&ﬁ%ﬁﬂ%ﬁ
frERERE ST -

He T 77 b SRR SR AN K 22 e WL R Bl R o R 4 1) B

5¥REBFSE - 2
3.4.1 SCIRMOBHSAEE -

3.4.3  TFPRNRESANK S HLA) T 4F 5L -

BT R A EENR R R ERRRGES N TS

19

w20
ceer 20
20
- 21
ceee 23

- 24

ey, D5
- 26

2.8.8 @ﬁ%*k@ﬂ&ﬁ%&ﬁ%@ﬁwﬁﬁ

o A0

« 3]
-« 3]
- 32

o 55
s 199
o 138
o A
eeee 36

snesuaea: G

s 42
W 42

3.4.2 FhRAEEHAOK B ILRBOT 56l & - swmienusne
senes 44

43



