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Energy  conversion  via  utilizing  small  changes  in  the  environment  is emerging  as  an  attractive  way to  mit-
igate energy  crisis.  Although  some  pioneering  works  have  already  shown  the  advantages  of  these  energy
conversion  devices,  challenges  remain,  including  complex  preparation  process,  excessive  energy loss
and  difficult  application  of  alternating  current  output.  Here,  we report  a facile,  cost-effective  method  for
preparing  a moisture-responsive  composite  film  combined  both  PEDOT:  PSS  and  piezoelectric  polymer
PVDF  by  means  of spin  coating  and  thermal  evaporation.  The  composite  film  possesses  good  bidirectional

◦ ◦

EDOT: PSS/PVDF
ctuator
enerator
oisture-responsive

bending  performance,  and  the  bending  angles  in  both  directions  can  reach  191 and  225 respectively.
The  generator  based  on  this  composite  film  is capable  of  producing  a stable  direct  current  voltage
output  up  to  150  mV  and  charging  the capacitor  without  any energy-consuming  rectifier  circuit.  Our
approach  provides  a new,  simple,  promising  strategy  for  low-frequency  small-signal  energy  collection

and  utilization.

. Introduction

As environment challenges, energy shortage and other issues
ecome more and more serious, the development of renewable
reen energy is particularly important. The energy sources, such as
olar energy [1], hydropower [2], wind power [3], biomass energy
4], tidal energy [5] and geothermal energy [6], have attracted
eople’s extensive research and attention. To acquire these green
enewable energy sources, large-scale sophisticated equipment is
eeded to preform massively energy conversion. However, it is
orth noting that there are many small changes such as heat [7],
umidity [8], pressure [9] and mechanical motion [10,11], which
an participate in the energy conversion. These scattered, small
hanges can produce tiny energy through certain energy conver-
ion devices [12,13]. These tiny energies seem to be useless and
nsignificant, but they can also provide energy for some small self-
owered systems when being accumulated. As a typical example
f the tiny energy conversion method, nanogenerators have been

eveloped rapidly in recent years. Nanogenerator possesses many
dvantages, such as flexibility, wearable [14], high output voltage
tc. [15], but with complicated fabrication process, requirement of

∗ Corresponding author.
E-mail address: hxia@jlu.edu.cn (H. Xia).
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925-4005/© 2017 Elsevier B.V. All rights reserved.
© 2017  Elsevier  B.V.  All  rights  reserved.

a management circuit module and small output current limit its
application.

The development of smart actuators whose mechanical motion
can be controlled by external stimuli-such as light [16], humidity
[17,18], pH value [19], temperature [20], and chemicals [21]-has
recently received enormous research interests. To achieve such
stimuli-responsive devices, the design and control of materials
play an important role. It is worth noting that the macroscopic
movement of intelligent devices is inseparable from the interac-
tion of molecules [22]. The effects that occur in the microscopic
level are usually similar to those in the macroscopic system [23]. In
addition, there are some different effects on nanoscales also have
an important impact on the dynamic properties of the materials.
[23,24]. In nature, many organisms with double-layered structure
will contract or expand differently under the stimulation of the
external environment (e.g. pinecone) [25,26], which inspired us
to use a double-layered structure in the fabrication of actuators
to achieve anisotropic motion under external stimulus [27–29].
One layer of the double-layered actuator is a moisture-sensitive
active layer, whereas the other one is an inert layer that is not
sensitive to the moisture. When the external humidity change, the

moisture-sensitive layer expands or shrinks, while the volume of
the inert layer barely changes. Therefore, the volume difference of
the two layers is converted into a bending motion. In this work, the
active layer of the double-layered actuator is conductive polymer

dx.doi.org/10.1016/j.snb.2017.08.125
http://www.sciencedirect.com/science/journal/09254005
http://www.elsevier.com/locate/snb
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oly(3,4-ethylenedioxythiophene): polystyrene sulfonate (PEDOT:
SS) and the inert layer is the piezoelectric material poly(vinylidene
uoride) (PVDF). The PEDOT: PSS as the active layer has exceptional
oisture sensitivity and excellent mechanical properties. It also

hows a good conductivity property which provides a wide range
f applications in electrical devices. The PVDF as the inert layer is

 commercial piezoelectric material with good chemical stability,
lasticity and flexibility. It can convert mechanical energy into elec-
rical energy and enables the actuators to be used for generating
lectricity.

The solution for gathering energy using stimuli-responsive actu-
tors of single- or double-layered has been designed to transform
echanical energy into electrical energy [30–32]. The actuator is

sually connected with the piezoelectric device which receives the
echanical motion that the actuator generates under the external

timulus. The deformation or movement on the piezoelectric device
s converted into electric signals. However, there is major energy
oss in the transmission process, and the output voltage produced
s the alternating current (AC) signal. In this work, a methodol-
gy, which directly introduces the piezoelectric materials into the
ouble-layered actuator, is proposed for the first time. It allows the
eneration of the electrical energy directly from the movement of
he actuator, also eliminates the energy loss caused by the move-

ent of the piezoelectric device driven by the actuator. The PEDOT:
SS was fabricated on the smooth PVDF film as a composite film,
esulting in a close contact without any gap. The composite film
s the double-layered actuator that has been mentioned. Contain-
ng water weight change in PEDOT: PSS during single absorption
r desorption process can lead to the PVDF film deformation with
ingle direction, which generates a stable direct current (DC) signal
hose maximum value can up to 150 mV.  The DC output does not

equire rectifier circuit and can be charged directly for the capac-
tor, which makes it a promising technique. Eventually, a circuit
as been designed to solve the problem that the low-frequency
mall-signal DC output is difficult to be applied, which provides a
ew method for the collection and the utilization of low-frequency
mall-signal energy, and a new strategy for dealing with energy
roblems in the future.

. Experiments

.1. Fabrication of PEDOT:PSS/PVDF actuators and generator

A commercially available PVDF film (20 �m thick, Jinzhou KEXIN
lectronic Material Co., Ltd) having aluminum electrodes deposited
n both sides was cut into a rectangle of 3 cm in length and 2 cm
n width, and was fixed on a coverslip with a Kapton tape. The
ubsequent air plasma treatment (YZD08-2C Plasma Cleaner) was
pplied for 60 s at a power of P = 25 W.  A commercially available
EDOT: PSS aqueous dispersion (Clevios pH 1000, 1:2.5 PEDOT: PSS
atio; Heraeus Clevios GmbH) was deposited by spin coating at a
ate of s = 2000 rpm for 60 s onto the plasma-treated PVDF surface.
fter spin-coating, the sample was heated on a 55 ◦C hot stage for

 min, and then subjected to air plasma treatment for 10 s at a power
f P = 25 W.  The next layer of PEDOT: PSS was then spin-coated and
he 16 layers of PEDOT: PSS were spin-coated as described above.
fter the final spin-coating, the sample was heated on a 55 ◦C hot
tage for 1 h.

.2. Fabrication of biomimetic dragonfly and
hree-layer-structure of flower
First, a commercially available PVDF film (10 �m thick, Jinzhou
EXIN Electronic Material Co., Ltd) was pretreated according to

he procedure described above for the fabrication of the PEDOT:
ors B 255 (2018) 1415–1421

PSS/PVDF actuator. Second, the samples were cut and patterned
using a direct write CO2 laser (JW6090, JWJG. Shandong) with
tunable laser power (10% of the maximum) and scanning speed
(80% of the maximum) and then a dragonfly (18 mm  × 16 mm)
and three four-petal flowers of different sizes (10 mm × 10 mm,
16 mm × 16 mm,  22 mm × 22 mm)  could be obtained.

The 10 ml  syringe needle was  used to penetrate through the
center of the three four-petal flowers, thereby assembling into a
three-layer-structure of flower.

2.3. Characterization and measurement

SEM images were taken with a JEOL JSM-7500 field-emission
scanning electron microscope (FE-SEM). The static water droplet
contact angles (CAs) were measured using a Contact Angle Meter
SL200 B (Solon Tech. Shanghai). Saturated aqueous solution was
used to control the humidity environment in a closed glass vessel
(P = 101.3KPa, T = 20 ± 0.5 ◦C), and seven relative humidity ranges
of 23%, 33%, 44%, 57%, 75%, 86%, and 97% were generated using
seven saturated aqueous solutions of CH3COOK, MgCl2, K2CO3,
NaBr, NaCl, KCl, and K2SO4, respectively. All of the measure-
ments were conducted in air at room temperature (20 ± 0.5 ◦C).
Current–voltage curves of the PEDOT: PSS layer and PVDF layer
were measured with a Keithley 2400 programmable voltage-
current characterization system.

3. Results and discussion

Fig. 1a shows the schematic illustration of the fabrication pro-
cess for a PEDOT: PSS/PVDF double-layered actuator. The PVDF film
deposited with aluminum electrode was  fixed on the surface of the
coverslip with Kapton tape, and then a surface plasma treatment
was applied, which increased the hydrophilic groups of the film
surface. Subsequently, PEDOT: PSS was  spin-coated on PVDF film
surface. In the experiment, PEDOT: PSS that was spin-coated on
the PVDF film which was applied surface plasma treatment could
evenly cover the entire PVDF film surface, whereas none of the
PEDOT: PSS could remain on the PVDF film if no surface plasma
treatment was applied. The PVDF film was  then heated on a hot
stage at 55 ◦C for 5 min  to evaporate the water in the PEDOT: PSS. If
the temperature of the hot stage was  higher, thermal deformation
would happen on the PVDF film which causes wrinkle, which was
unfavorable for spin coating on the next layer. The procedure men-
tioned above was  repeated, a total of 16 layers of PEDOT: PSS were
spin-coated on the PVDF film. The PEDOT: PSS layer of the double-
layered actuator exhibited a navy blue color with a metallic luster
(Fig. 1b), and the PVDF layer exhibited a silvery white color with a
metallic luster due to the deposition of an aluminum electrode on
the surface (Fig. 1c). We  measured the static water droplet contact
angle (CA) on the two layers’ surfaces of the double-layered actu-
ator. As shown in Fig. 1b and c, the contact angle of the PEDOT:
PSS layer is ca. 81.76◦ and the contact angle of the PVDF layer is
ca. 123.85◦. The values of CA indicate that the PEDOT: PSS layer
is hydrophilic and the PVDF layer is hydrophobic, which proves
that there is a large difference in the surface wettability of the
double-layered actuator.

Fig. 1d is a scanning electron microscope (SEM) image of the
double-layered actuator cross-section. It can be seen that the thick-
ness of active layer PEDOT: PSS is 1.2 ± 0.2 �m,  and the inert layer
PVDF is 22 ± 1 �m,  which is approximately 20 times of the active
layer. Although the active layer is very thin compared to the inert

layer, for the reason that the PEDOT: PSS has a good mechanical
property, the flexible PVDF can be constrained, which results in a
significant bending effect of the double-layered actuator when a
slight contraction or expansion happens on the PEDOT: PSS layer
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ig 1. (a) Schematic illustration of the fabrication process of the PEDOT: PSS/PVDF d
ctuator viewed from the PEDOT: PSS side (b) and the PVDF side (c), respectively (sc
nd  (e) SEM images of a cross section of the PEDOT: PSS/PVDF double-layered actua

ue to environmental stimuli. In addition, the thin active layer
ncreases in the rate of moisture adsorption and desorption, as a
esult of which, increases the actuation speed of the double-layered
ctuator. It can be seen from Fig. 1e that there is no gap between the
EDOT: PSS layer and the PVDF layer. The two layers are very close
ogether, which explains why the two layers of the double-layered
ctuator will not be separated easily. Since the PEDOT: PSS layer in
he fabrication is processed by multiple spin-coating, its multilayer
tructure can be seen in Fig. 1e. This stacked multilayer structure
s able to reduce mechanical damage during actuation, which has
een proved in other literatures [33].

The PEDOT: PSS/PVDF double-layered actuator has a lat-
ral anisotropy property, thus it exhibits significant moisture-
esponsive bending properties. The mechanism of the PEDOT:
SS/PVDF double-layered actuator bidirectional bending is shown
n Fig. 2a. When the moisture content in the environment is lower
han that in the PEDOT: PSS film, the PEDOT: PSS film desorbs water
nd shrinks, and the double-layered actuator bends to the PEDOT:
SS side; when the moisture content in the environment is higher
han that in the PEDOT: PSS film, the PEDOT: PSS film adsorbs
ater and swells, and the double-layered actuator bends to the

VDF side. In order to quantitatively study the actuating behavior
f the double-layered actuator, the curvature degrees variation of
he PEDOT: PSS/PVDF strip at relative humidity (RH) from 23% to
7% was measured [34], as shown in Fig. 2b. We  specify that the cur-
ature degree is negative when the PEDOT: PSS/PVDF strip is bent
oward the PEDOT: PSS side and positive when bending toward
he PVDF side. As the RH increased from 23% to 86%, the curva-
ure degree changed from −191◦ to 225◦, in which the curvature
egree was 0◦ at a RH of 57%. However, when the RH increased from
6% to 97%, the curvature degree decreased from 225◦ to 212◦. The
henomenon can be explained by the fact that the moisture con-
ent is too high at RH = 97%. The PEDOT: PSS layer absorbs water
xcessively causing its mechanical property to be weak, so that the
onstrain ability to the PVDF layer weakens. Therefore, the curva-
ure degree is smaller at RH = 97% than at RH = 86%. In order to study
he response recovery performance of the double-layered actua-
or, the PEDOT: PSS/PVDF strip were switched between RH = 23%
nd RH = 86%, the curvature degree changing with time is shown in
ig. 2c. When the PEDOT: PSS/PVDF strip is moved from RH = 23%
o RH = 86%, it will rapidly change bending from the side of PEDOT:

SS to the side of PVDF. The average response time for the change in
he curvature degree of the PEDOT: PSS/PVDF strip is 10 s when the
umidity is switched from RH = 23% to RH = 86%, and the average
esponse time is 6 s when the humidity is switched from RH = 86% to
-layered actuator. (b) and (c) Photographs of the PEDOT: PSS/PVDF double-layered
r represents 1 mm).  The insets show water droplet contact angles of both sides. (d)
cale bar represents 2 �m).

RH = 23%. Fig. 2c also demonstrates that the bending of the PEDOT:
PSS/PVDF strip at different RHs is recyclable and repeatable.

The bending stability of the PEDOT: PSS/PVDF strip has been
tested. The relation between the curvature degrees and the place-
ment time of the PEDOT: PSS/PVDF strip is shown in Fig. 2d. When
the strip was placed in the room for 100 days, the curvature angle
was decreased by 4.8% compared to the initial value at RH = 23%, and
was decreased by 9.2% compared to the initial value at RH = 86%.
This result indicates that the PEDOT: PSS/PVDF strip could bend
in both directions for more than 90% of the original performance
within 100 days in lab environment (T = 20 ± 0.5 ◦C), which proves
that PEDOT: PSS/PVDF strip has good stability and has broad appli-
cation prospect. The current-voltage curves of the two different
layers of the double-layered actuator have also been tested as
shown in Fig. 2e. The PEDOT: PSS layer had good electrical con-
ductivity, the resistance values of PEDOT: PSS layer before and
after humidification were 487.7 � and 423.0 � respectively, indi-
cating that the humidification process had a little improvement on
the conductivity. The inset in Fig. 2e is the current-voltage curve
for the PVDF layer, which is similar to the open-circuit test curve,
indicating that the PVDF layer is insulated.

Based on the excellent moisture response performance of
PEDOT: PSS/PVDF double-layered actuator and its bidirectional
bending ability [35,36], a biomimetic dragonfly was fabricated. The
fabricated PEDOT: PSS/PVDF composite film was  carved into a drag-
onfly shape by a CO2 laser. The body of the dragonfly was stuck on
one end of a capillary with double-sided adhesive. The other end
of the capillary was fixed on the foam, which makes the dragonfly
in a floating state. Fig. 3a shows the initial state of the dragonfly.
Consistent with the previous conclusion, the dragonfly wings bend
toward the PEDOT: PSS side under the humidity of lab environ-
ment at 30%. When applying water vapor, the ambient humidity
around the wings was instantly shifted to a high value (RH > 80%).
The change of the wings is shown in Fig. 3a–d. The maximum angle
of the dragonfly wings bending to the PVDF side at high humid-
ity is shown in Fig. 3d. When stopped the application of water
vapor, the ambient humidity gradually decreased back to the orig-
inal RH = 30%. The dragonfly wings recovered from bending to the
PVDF side to the initial state, as shown in Fig. 3e–h. The process of
the moisture absorption of the dragonfly wings bending to the PVDF
side took 4.6 s; and the moisture desorption of the dragonfly wings

bending to the PEDOT: PSS side took 6.3 s, which indicates that the
moisture absorption rate was  slightly faster than the desorption
rate. The dynamic flapping process of dragonfly wings is shown
in Movie S1. The dragonfly wings are able to achieve reversible
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Fig. 2. (a) Schematic illustration of the bidirectional bending actuation mechanism of the PEDOT: PSS/PVDF double-layered actuator. (b) Dependence of the curvature of the
P : PSS/
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EDOT: PSS/PVDF strip on RH. (c) Responsive and recovery properties of the PEDOT
he  curvature of the PEDOT: PSS/PVDF strip on placement time. (e) Current-voltag
VDF  layer.

idirectional bending along with the ambient humidity changes,
ndicating that the PEDOT: PSS/PVDF double-layered actuator has

 great potential in biomimetic applications.
In addition to moisture-controlled “biomimetic dragonflies”,

he moisture-sensitive PEDOT: PSS/PVDF composite film can also
e used to produce other multi-stage intelligent devices. Fig. 3i-

 shows another example: a three-layer-structure flower. PEDOT:
SS/PVDF composite films were carved into three different sized
our-petal flowers using a CO2 laser. They were strung together
ith a syringe needle to assemble a three-layer-structure flower.

ig. 3i–l illustrates the dehumidification process, which took 31.1 s
hat is far longer than the time took in the humidification pro-
ess of 4.6 s. Fig. 3l is the final state. It is showed that the smallest
nd medium-sized four-petal flower did not change much dur-
ng the dehumidification process, and the largest four-petal flower
hanged bending from the side of PVDF to the side of PEDOT:
SS (Movie S2). Three-layer-structure flower shows that, through

he external constraints and the control of the size, different
omponents of a same intelligent device in humidity controlled
nvironment can conduct different actions. This means that PEDOT:
PVDF strip. RH was switched between 23% and 86% three times. (d) Dependence of
) characteristics of the PEDOT: PSS layer, the inset is the I–V characteristics of the

PSS/PVDF multi-stage intelligent devices have promising futures in
sensing and other fields.

The PEDOT: PSS/PVDF double-layered actuator acts as a gener-
ator when connected to an external circuit, which exhibits a good
ability to utilize ambient humidity changes to generate electricity.
It is worth noting that unlike the AC signal generated by conven-
tional energy conversion using PVDF [37], our PEDOT: PSS/PVDF
double-layered generator is capable of generating a stable DC sig-
nal. Zhang et al. reported that a humidity-responsive actuator and
a PVDF piezoelectric device was connected head-to-tail with silk
thread [32]. Ma  et al. presented an actuator which was attached to
one side of a piezoelectric PVDF film without a complete contact
[30]. In these researches, actuators and piezoelectric units were
different individuals. The piezoelectric units deformed which was
caused by its movement driven by the movement of the actuator.
There was major energy loss throughout the movement transmit-
ting process. Moreover, for the reason that the movement of the

actuator was not in a single direction, it generated an AC signal.
In our work, PEDOT: PSS was spin-coated on the smooth PVDF
film as a composite film, resulting in a close contact without any
gap. Containing water weight change in PEDOT: PSS during single
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Fig. 3. (a)–(h) Biomimetic dragonflies with moisture response fabricated by PEDOT: PSS/PVDF composite film. (i)–(l) Three-layer-structure of flower assembled from three
different sized four-petal flowers. The different components of the three-layer-structure of flower produce different responses under the same external stimuli.

Fig. 4. (a)–(c) Schematic illustration of the PEDOT: PSS/PVDF double-layered generator produce a stable DC output voltage. (d) and (e) The output electrical signal generated
by  the generator during the humidification process (d) and dehumidification process (e), respectively. The inset is an enlarged view of the region of the curve. (f) The equivalent
circuit diagram of the PEDOT: PSS/PVDF double-layered generator charges the capacitor to turn on the LED. The inset is the illuminated LED.
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bsorption or desorption process can lead to the PVDF film defor-
ation with single direction, which generates a DC signal. Fig. 4a–c

s a schematic of the PEDOT: PSS/PVDF double-layered genera-
or that generates a DC signal. Fig. 4a shows PEDOT: PSS/PVDF
ouble-layered generator without water vapor. The PEDOT: PSS-
oated portion bent to the PEDOT: PSS side. The portion without
he PEDOT: PSS layer was fixed on the glass slide, and from whose
pper and lower sides of the PVDF led a wire respectively and con-
ected to the oscilloscope. When water vapor was  applied to the
EDOT: PSS/PVDF double-layered generator, it stretched imme-
iately from bending to the PEDOT: PSS side to almost straight
Fig. 4b). This process is defined as the fast bending (FB) of the
iezoelectric layer PVDF [38]. The water vapor was  continuously
pplied after the final state of the PEDOT: PSS/PVDF double-layered
enerator that was reached. It maintained this state, which we
efine as the holding (HD) of the piezoelectric layer PVDF. When the
VDF was in the FB process, the piezoelectric output voltage rapidly
ncreased to a maximum value, while the PVDF was in the HD
rocess, the piezoelectric output voltage remained stable (Movie
3). During the HD process of the PVDF, water vapor was  continu-
usly applied. The water exchange between the PEDOT: PSS layer
nd the environment was a dynamic continuous process. Thus, the
estraint of PEDOT: PSS layer on the PVDF layer and the effect of
he force were dynamic, so that PVDF piezoelectric output volt-
ge could maintain overall stability under the condition of small
ibration. When stopped the application of water vapor, the PEDOT:
SS/PVDF double-layered generator gradually recovered from the
early flat state to the initial state of bending towards PEDOT: PSS
ide (Fig. 4c). This process is defined as the slow releasing (SR) of
he piezoelectric layer PVDF. When the PEDOT: PSS/PVDF double-
ayered generator had almost restored to the initial position and no

ore obvious displacement, there were still moisture exchanging
etween the PEDOT: PSS layer and the environment, which was

 dynamic dehumidification process. As the internal moisture of
he PEDOT: PSS layer and the environmental humidity reached
quilibrium, the restraint of the PEDOT: PSS layer on the PVDF
ayer gradually restored stability. Therefore, when the PVDF was
n the SR process, the piezoelectric output voltage exhibited a slow
ecrease (Movie S4). The relation between the piezoelectric output
oltage produced by the PEDOT: PSS/PVDF double-layered genera-
or under the condition of changing the ambient humidity and the
ime is shown in Fig. 4d and e. Fig. 4d corresponds with the FB and
D processes (Fig. 4b). The generator output voltage reached the
aximum of 152 mV when the water vapor was  applied for 3 s.
ith continuous application of water vapor, the voltage generally

emained stable. Fig. 4e corresponds with the SR process (Fig. 4c).
topped the application of water vapor, and then after a period of
ime, the output voltage had not dropped to 0. Select 200 s in the
ntire SR process, the voltage dropped 3 mV.  The insets in Fig. 4d,

 are enlarged view of the corresponding part of the curve, show-
ng that the output voltage is oscillating in a small range, proving
hat the restraint and the force effect of the PEDOT: PSS layer on the
VDF layer are dynamic. As control, we did not apply water vapor to
he PEDOT: PSS/PVDF double-layered generator, but rather pressed
nd stirred it, which made the output voltage an AC signal (Fig. S1,
ig. S2).

In order to prove that our PEDOT: PSS/PVDF double-layered
enerator is capable of supplying power; we designed a practi-
al application circuit. The equivalent circuit diagram is shown in
ig. 4f. The light-emitting diode (LED) in the circuit needs 1.6 V
o be lit up, while the maximum output voltage of our genera-
or is 152 mV.  Our solution is to connect the capacitors in series

nd charge the capacitors one by one using the generator, which
s equivalent to add up each capacitor to reach the LED lighting
oltage. When switched on, the LED was charged by the series

[

ors B 255 (2018) 1415–1421

capacitors, and was instantly lit, as shown in Fig. 4f (Movie S5).
The actual circuit picture is shown in Fig. S3.

4. Conclusions

In conclusion, this investigation fabricated a PEDOT: PSS/PVDF
double-layered actuator and generator with good moisture
response in a simple and versatile method. PEDOT: PSS/PVDF strip
exhibits excellent bidirectional bending properties and sensitive
moisture response properties. The bending curvature of the PEDOT:
PSS/PVDF strip changes from −191◦ to 225◦ when RH is adjusted
from 23% to 86%. Furthermore, a biomimetic dragonfly and a three-
layer-structure flower are designed and fabricated, indicating that
in the future the PEDOT: PSS/PVDF double-layered actuator can
be used in the bionic, sensing, multi-level intelligent devices and
other fields. The PEDOT: PSS/PVDF double-layered actuator is also
a moisture-responsive generator. It converts the environmental
humidity changes into mechanical displacement, and then converts
the mechanical energy into electrical energy, achieving more than
150 mV  stable DC voltage output. Finally, we designed a circuit to
solve the problem that low-frequency small-signal DC voltage out-
put is difficult to apply. It provides a new method for low-frequency
small-signal energy collection and utilization, and provides a new
strategy to solve the future energy problem.
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