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Fig. 1. (color online) (a) Liquid PDMS spinning-coated on Si mold; (b) PDMS surface with micro rods; (c) schematic

diagram and of TENG; (d)—(f) micro rods with different distance, namely 15, 25 and 50 pm respectively.
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Fig. 2.
(a) The original position; (b) external load brings the

(color online) Workingprincipleof TENG:

upper electrode into contact with the PDMS; (¢) when
the external load is withdrawn, the two contact sur-
faces separate with each other; (d) the upper electrode
returns back to the initial status; (e) the external load

is applied again.

R PDMS JE N T 2. T ALS
PDMS 7 BE#2 i 5 91 rp 2 AR K 1291 AL 7 42 forh JBE
B AR R B i, B A B LR ) PDMS,
FE b AR R T A O H AR T PDMS JR2 T 5 47
i (B2 (b)). PDMS B4R 75 46 2 K5 P v] A AUARAT
FL AT 201 SR RAIE T R RE PR AR S, R BRI B,
BT F P, A S PDMS 2 (8] % HL 34
75, AN R PR AR A R, sk
5 PDMS JRTE 4 MR E 1= IEH R 08, M
T 7E PR 3R TR B FEL 34 22, DR B L 738 Ik 4 L B AN
TR AR A b R AR, DL T R R T R O H e
(B2 (c)). Mpaseflim ik & 210960 B, bk
R IE g e bR, R RE SRR
JENIE FLAT (B 2(d)). 2440 0 F 08 in 21 _E 2R
I, 7 AR A P FRL A A 4 7R (2 (e)), BRI AE Ak
FEL % 7 A A [ ) HL A

3.2 WHEEREBEEN TENG BN

TENG e B SR % i 20 Hz J& 3P 2
Wi, PDMS BETHIFR A 20 mm x 20 mm, 3% H &
(Voo ) FH AT % FLIAL (1se) H T 3R AE TENG %t H 5 1.
BBFEIRIFE Y 15 um f PDMS K (W1 1 (d)) 78
I NEGAEH T, Voo M I V15 73 53] 9 30 VA
4.8 uA, BAHARHE, 73500 R F A 5 PDMS i
Z ) AH BBl 5 2 BOIRAS, A&l 3 (a) AT 3 (b) B
. AT HAIRIF I HAE 58 TENG F=28, Rk
TN AR PR ML AT W, IR Voo 5 e
(RIEAR A B2, B 3 () AT 3 (d) B, RS 5 H
TENG 258 /=4

FE Al X R 2 2 R TENGs fi H i — A
HHERNE, B4 ME4b) AR THEAFNLN
INF, PDMS JE 22 [ = Ff A [F] G0d: B 1) (18] 28 43 00
15, 25 #1150 pm) KItEResm . Voo 20 ik 230 V,
20 VAI16 V, 1M L “FIME A 4.8, 2.8 K 1.8 pA. X
FERW TR 55—, T 458 B FA e A 2
fik DX (1 2 TR 2 2 38 I, X O B B A T 2 A7
fifh 2% 8], I EL F AT £ SO 000 26 Th0 L% TR i RG340 o 2B
TEFHHES, AT IR AR AR P Ao
S RS A SRR Y 15 wm (1) PDMS f: R
FIR R ik, ARG HEIN 1 N &R, & B E 4R
AR, WE 4 (d) frw; B4 (o) IEERS
TR PDMS R 7E R J1E T B, v 0L, 4H
[F N A WO PDMS U R =441 82 V
FEH ) Ve, LTSI PDMS 2 [ 72 A= HL JE 75

060201-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 6 (2016) 060201

2.8 A 5, TENG 0] AHE AR A — AN T4 H
7%, BAR RN R/NEEEW TENGs B, mfdE
i A8 7 it N R A R 4 AR T, SO TR) BE AR /)N Ak 1]

40
10
(a)
. 20
<
20 1 = 0
> —20
< 050 052 054
N Time/s
| Y YVYY\(\( YL\
_a0 . X . .
0 0.2 0.4 0.6 0.8 1.0
Time/s
6 6
(b)
4
at E
il
S 2r “h52 054 056
\% Time/s
7
TR
—2

0 0.2 0.4 0.6 0.8 1.0
Time/s

3 1 N#MJF, TENG K H IEERE TH (2) Voe

R, $RTT T RS B A
THT R B H A R BT BN T PDMS R 1
G NS IR

I

P =
Eoumt
H
e

> 0
3
g
BN > 0
—20 |
= _20
T T R
() ’ Time/s
ime/s
40 . . . ;
0 0.2 0.4 0.6 0.8 1.0
Time/s
2
(d)
0 %J\’)\J\J\J\J\J\WMMW
2
< —2F 0
< <
~ < 2
~ g
4}
—6
0.30 032 0.34
Time/s
_6 . . . .
0 0.2 0.4 0.6 0.8 1.0

Time/s

Al (C) Isc; &*ﬁ%ﬁ?ﬁ/ﬂ (b) Voc il (d) Isc

Fig. 3. Investigation on theperformance of TENG under 1 N: (a) Open-circuit voltage and (b) short-circuit current

with forwardconnection; (c) open-circuit voltage and (d) shirt-circuit current with reverse connection.
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Fig. 4. (a) Open-circuit voltage and (b) short-circuit current of TENG with different microrodsdistance (15,
25 and 50 pm) under 1 N; (c) open-circuit voltage and (d) short-circuit current of flat PDMS and PDMS

containing micro rods (L = 15 pm).
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tric charge density (o) with the distance.
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Fig. 6. (color online) The dependence between Voc and Isc with external load.
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Fig. 7. (color online) ANSYS analysis of deformation for micro rods on PDMS film verse external force: (a) Dis-
placement vector sum; (b) deformed shape with undeformed edge; (¢) =X component of displacement; (d) the

relationship between displacement vector sum and Z component of displacement verse external load.
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Abstract

Contact electrification between insulators, manifesting as static or triboelectricity is a well-known effect. The
triboelectric nanogenerator (TENG) which is based on the contact triboelectricification and electrostatic induction
provides a promising route for harvesting ambient mechanical energy and converting it into electric energy. The TENG
which is due to its unique properties such as simple structures, low cost, high electric density etc. , can offset or even
replace the traditional power source for small portable electronics, sensors and so on. So far, the influence of factors on
the output performance of TENG is still trapped in unsettled questions and under debate. In this paper, we prepare
several textured polydimethylsiloxane (PDMS) films with micro rod array by model method and fabricate a TENG with
a size of 22 mm x 22 mm. The electric generation can be achieved with a cycled process of contact and separation
between a polymer and metal electrode (PDMS and aluminum respectively in this study). Several influences as the
surface structure and external load on the electrical output of the TENG are systematically studied by integrating
use of experimenal tests and ANSYS simulation. Results show that the existence of micro rod array on the PDMS
films effectively enlarges the contact area and provides more surfaces for charge storage and hence improve the output
performance of TENG. When keeping the external load constant, the output increases with decreasing distance between
micro rods. When the external load is 5 N and the distance is 15 pm, the average output voltage and current as high
as 88 V and 15 pA can be achieved respectively, which is 1.5 times higher than the output generated when the distance
is 50 um. The electrical output increases quasilinearly with the increase of the external load. Simulation results show
that the micro rods of PDMS films are mainly compressed by normal load, which results in a bigger diameter of micro
rods. The deformations of PDMS substrate leads to the lateral friction between the micro rods and the upper electrode,
which produces more charges because of the friction. For 5 N normal load, the deformations of PDMS substrate and
micro rods contribute to the sum of displacement vector and the deformations along Z-axis are 32.7 ym and 21.3 um
respectively, and are 4.96 and 5.04 times higher than the deformation at the load of 1 N. All the results in an enlarging
surface area and the larger output correspondingly. Not only does this work present a new type of generator with micro
rods on the PDMS surface, which can be an effective method to improve the electrical output of TENG, but also offers

a unique point of view for further understanding of the working principle of TENG.
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