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Fabrication of light-driven soft actuator and
its information security application

CHEN Yuan-hao, LYU Peng-fei, YANG Meng-yuan, FENG Yi-yu™ , FENG Wei, WANG Ling”
(School of Materials Science and Engineering ,» Tianjin University, Tianjin 300350, China)

Abstract: In order to improve the security and reduce the leakage of information, and further broaden
the application fields of information privacy, this work reported a novel information cheating technolo-
gy based on a light-driven bimorph soft actuator. Firstly, the as-prepared gold nanorods with different
aspect ratios were uniformly dispersed into the polypropylene/polyimide composite membrane by
means of mask depositing and coating, and then a photothermal biomorph soft actuator was fabrica-
ted, after that, the obtained bimorph soft actuator was selectively cut. Herein, we defined the state
presented by the bimorph soft actuator without external light stimulation as the first information;
only when triggered by the corresponding laser, this soft actuator could display second type of infor-
mation, which we defined as the second false information; since the highest photothermal conversion

of gold nanorods only occurred under the laser with corresponding wavelength, the temperature of dif-
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ferent areas observed by the infrared camera showed the new information, which played an important

role in information cheating. The experimental results showed that the soft actuator kept in flat state

without illumination, and the cutting area of bimorph soft actuators reached a bending angle of at least

50° under the stimulation of corresponding laser, thus the displayed information can be clearly ob-

served by the naked eye; while the difference of photothermal area and non-photothermal area can

only be observed in the infrared camera, where the gap of temperature was at least 10 °C, and the dis-

played true information could be clearly seen. The combination of the soft actuators and the informa-

tion cheating is novel and effective, which provides a new strategy toward development and future of

information security issues.

Key words: information security; soft actuators; gold nanorods; photothermal effect
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Fig.3 TEM images showing the gold nanorods with
different aspect ratio. (a) 45 (+6) nm : 30
(+£5) nm; (b) 22 (£4) nm * 5 (£2) nm;
(¢) 35 (£4) nm : 6 (£2) nm.
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Fig.4  Characterizations of different gold nanorods.
(a) Normalized absorption spectra of gold
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temperature of gold nanorods with different

aspect ratio under the stimulation of different

lasers.

32 NEREHFHNERMEEHR

XoF i 7 L B AR B sh 2% . 5 T 3K sh AL
AT LR B S IR 3 A A2 3K gl . AR T
AL IR B L O K B B A e e i R
FIVEE KA T A2 8 B (X e B R4 A 1 S
BRI AR S R IAFRIE R, Wk —
WA I BRI A A L R BT 7 2R A
HUEATIR S . IR B RUZ R s g AT DLk
— 253 OGBSl 5 O BRI B/ i T B S B
i G B AR B AR M T A T
B G I BIK 2y AL B o ST L A O AT
57 IR SRR A

FRATRBOG I Bk XU 5K s AL, F1 I #5 Fh
P Ik 7 5022 S B R RS b ikl & WUZ e, 56 — 2
HEAA k2 SR T IV JH o 1 Sy ik 8 J2 , ELAT AR AR A 2R
IRk 2R, R 210 7 /K, 55 2 M RS R
P AR VR S 8 )2 BT B i B ik &R 8
HJ(1~2) X 10 ' /KP, HAE Ik R B0l S A R



Beol

Wi It o 45 L IR Sh AR B sh &5 19 1 4 K LR B 22 4 233

AN 05 547 5 o 2 A1 Ft it J3E 18 i ek 7 e A
KA A A2 32 Ok A BRI K T R T 3R T I e
4 P2 e 28 BRI T SR DR e e AR RIS T
FLARTRIE K 22 B S/ 1 3R TR0 1 T B i i EL
P 22 8] 9 5 TR A TSR N0 e e B B K A
111753 30 R A s I 257 1) 3R IV O 144 D7 1) 3k A
MK S B A Rk AR AR B B AR B, AN 5
(O PR . IR E S & -5 LG 25 5 i A
eI S SD T B ' SR i B A — AR oy P, 7
A R AT LUk — A SRS BBl g A A IR AR L I It
TG A4 R B ' ) 7 P BE

(b) 90
>
=75
2
e 60

\\ °045

\ &30

\\ o
\ 815

A 304990095 10%300 05013 09330000
Bending angle )\
&y o

0 15 75 90 105
Cycle number

FER0 ) et

B S Tkl &, (a2 il R
(b)808 nm 6 W A IE R UKL (o) B ik
JEAFHLERA

Fig.5 Stimulation of soft actuators based on gold nano-

rods. (a) Mechanism of bimorph soft actuator;
(b) Repeatable actuation of bimorph soft
actuator under the 808 nm laser. (¢) Burdening

soft crawlers.
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Fig.6 Information cheating technology based on soft

IR camera

actuators. (a) Schematic illustration of infor-
mation cheating technology; (b) A series of
photographs illustrating different kind of in-

formation cheating and displaying.
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