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Abstract
Environment friendly piezoelectric micro/nanogenerators have attracted tremendous attention due to the increasing demand 
of portable self-powered devices. Here, we report the synthesis of Bi0.5(Na0.6K0.4)0.5TiO3 (BNKT) ceramic via solid state 
reaction method and the fabrication of BNKT:PDMS based flexible energy harvester. The synthesized BNKT ceramic exhibits 
well-defined fatigue free P-E hysteresis loops up to 104 cycles favourable for high precision capacitors and sensors. A high 
value of piezoelectric charge coefficient (d33 = 154 pC N−1) was measured for BNKT ceramic, which indicates its potential 
application in flexible energy harvesting devices. A series of flexible BNKT:PDMS composite based microgenerators were 
fabricated with 10, 20, 30 and 40 wt% BNKT content and their dielectric and electrical properties were investigated. The 
energy harvester with 40 wt% BNKT achieved the highest dielectric constant and conductivity, whereas the device with 
30 wt% BNKT ceramic generated the highest open circuit voltage of about 11 V under periodic compressive force of 20 N. 
These results imply that lead free BNKT:PDMS composite may be applied in pressure sensors and various energy harvest-
ing devices.

1  Introduction

Energy harvesting from piezoelectric materials has attracted 
considerable attention as an eco-friendly way to scavenge 
energy from immediate environment, thereby solving 
the serious problem of energy shortage [1–3]. Mechani-
cal energy sources like flowing air, sound waves, human 
motions, mechanical impacts etc. are abundant in our living 
surrounding and can be converted into electrical energy via 
piezoelectric nano/microgenerators employing piezoelectric 
materials. Many researchers have demonstrated the ability 
of piezoelectric materials such as ZnO, BaTiO3, PZT, GaN, 
ZnSnO3, PMN-PT, NKLN etc. for powering wireless sen-
sors, implantable biomedical devices and portable electronic 
devices [4–16]. For example, Lai et al. have demonstrated 
the application of ZnO based PENG as self-powered gas 

sensors [4]. Lee et al. presented a nanogenerator that can 
scavenge energy from skin wrinkling [12]. Piezoelectric 
energy harvesters have been successfully utilized for pow-
ering small electronic devices [17, 18].

Intensive efforts have been made by the researchers to 
boost the output performance of piezoelectric generator. The 
most effective way to achieve high output voltage/current 
from the flexible piezoelectric energy harvesters is to adopt 
ferroelectric materials with high electromechanical coeffi-
cient [19, 20]. The ABO3 oxide perovskites are interesting 
candidates for energy harvesting applications due to their 
efficient piezoelectric and ferroelectric properties [7, 21–24]. 
The conventional perovskite compounds such as PZT, PMN-
PT, PZN-PT and various other lead based materials shows 
excellent piezoelectric, pyroelectric and ferroelectric proper-
ties [20, 25–28]. However, these materials contain lead oxide 
in high level (more than 60%) which gives rise to ecological 
pollution due to its toxicity. Therefore, the lead free piezo-
electric materials having high electromechanical coefficient 
(d33 value) would be desirable for flexible energy harvesting 
devices [15, 29–31].

Alkali-based lead free piezoelectric perovskite mate-
rials such as sodium bismuth titanate (NBT), potassium 
sodium niobate (KNN) and potassium bismuth titanate 
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(KBT) are the potential alternatives to lead-based piezo-
electric materials [32–35]. NBT is a promising candidate 
for lead free piezoelectric material which exhibits large 
remnant polarization of ~ 37 μC cm−2 and high Curie 
temperature ~ 320 °C but suffers from problems in poling 
process due to high conductivity and coercive field. In 
past, several studies have been carried out to enhance the 
piezoelectric properties of NBT by adding another perovs-
kite solid solutions such as Na0.5Bi0.5TiO3–K0.5Bi0.5TiO3 
(i.e. NBT-KBT), Na0.5Bi0.5TiO3–NaNbO3 (i.e. NBT-
NN), Na0.5Bi0.5TiO3–SrTiO3 (i .e.  NBT-ST) and 
Na0.5Bi0.5TiO3–K0.5Bi0.5TiO3–BaTiO3 (i.e. NBT-KBT-
BT) [36–38]. Among various NBT based ceramic sys-
tems, (1 − x) NBT-x KBT binary system possess excellent 
dielectric and piezoelectric properties in the vicinity of 
rhombohedral–tetragonal morphotropic phase boundary 
region (i.e. 0.16 ≤ x ≤ 0.20) [35, 39]. Yang et al. inves-
tigated the structural and piezoelectric properties of 
(1 − x) Bi0.5Na0.5TiO3 − x Bi0.5 K0.5TiO3 ceramics in the 
range 0.16 ≤ x ≤ 0.20 and found the maximum d33 value 
(144 pC N−1) at x = 0.18 [35]. However, due to insta-
bility issues associated with compositions near MPB, 
researchers are now focussing on compositions far away 
from MPB [40–42]. Kumar and co-workers synthesized 
Bi0.5(Na0.5K0.5)0.5TiO3 ceramic and achieved a high d33 
value equal to 115 pC N−1 [41]. A piezoelectric charge 
coefficient (d33) value of ~ 132 pC N−1 was reported by 
Bhandari et al. for Bi0.5(Na0.65K0.35)0.5TiO3 ceramics [43].

PDMS is widely used polymer for fabrication of vari-
ous devices because of its attractive properties such as 
biocompatibility, flexibility, water resistance, cost effec-
tiveness and chemical stability [15, 44]. Also, because of 
low dielectric constant and stiffness coefficient, PDMS 
polymer can be combined with the piezoelectric ceramic 
materials with high dielectric permittivity [44, 45].

In this work, we first report the synthesis of 
Bi0.5(Na0.6K0.4)0.5TiO3 (BNKT) ceramic via solid state 
reaction route with fairly high d33 ~ 154 pC N−1. The flex-
ible energy harvesters based on BNKT ceramic and PDMS 
polymer with different contents of BNKT (10–40 wt%) 
were then fabricated. The microgenerator was fabricated 
by spin coating a mixture of BNKT ceramic and PDMS 
polymer on ITO coated PET substrate. The dielectric 
properties and AC conductivity of the composite based 
energy harvesting devices with different BNKT contents 
were then investigated. The output voltage signals of the 
fabricated composite based piezoelectric microgenerators 
(PMGs) were measured under compressive stress. The 
microgenerator with 30 wt% BNKT showed highest out-
put voltage signal. This BNKT:PDMS energy harvester 
(30 wt%) produced high output voltage of about 11 V 
when subjected to periodic vertical compressive force of 
20 N.

2 � Experimental details

2.1 � Synthesis of BNKT ceramic

BNKT ceramic was synthesized via solid state reaction 
method, using bismuth oxide, titanium dioxide, sodium car-
bonate and potassium carbonate from Sigma Aldrich (> 99% 
purity) as starting ingredients. The powders were mixed 
homogeneously and ground using ball mill for 12 h followed 
by calcination at 850 °C for 10 h. The resulting powder was 
pressed into pellets (12 mm diameter) after adding 2 wt% 
polyvinyl alcohol (binder) under a pressure of 100 MPa. The 
pellets were first kept at 650 °C to burn the binder and then 
sintered at 1050 °C for 3 h. The sintered pellets were crushed 
and ground to powder using ball mill for 10 h.

2.2 � Fabrication of BNKT ceramic based energy 
harvester

The schematic process involved in the fabrication of PMG 
is illustrated in Fig. 1. To fabricate BNKT ceramic based 
flexible piezoelectric energy harvester, polydimethylsiloxane 
(PDMS) polymer solution was prepared by adding curing 
agent to base PDMS material (1:10 weight ratio). The as-
prepared BNKT ceramic was dispersed into PDMS solution 
at different concentrations of 10, 20, 30 and 40 wt % with the 
help of magnetic stirrer (Fig. 1b). The resultant composite 
mixture was spin coated onto an ITO coated polyethylene 
terephthalate (PET) substrate at a spinning rate of 600 rpm 
for 30 s followed by curing at 60 °C for 2 h (Fig. 1c).

ITO/PET substrate was chosen as flexible conducting 
electrode for the device because of its low electrical resist-
ance and chemical stability. Next, aluminium (Al) coated 
polyethersulfone (PES) substrate (top electrode) was 
mechanically integrated with the composite layer (Fig. 1d) 

Fig. 1   Schematic diagram showing the fabrication process of flexible 
BNKT ceramic based energy harvester



6159Journal of Materials Science: Materials in Electronics (2019) 30:6157–6165	

1 3

and final device (after connecting copper wires to the elec-
trodes by silver paste) was coated by PDMS to keep the 
device robust under applied mechanical stress. The final 
structure of energy harvesting device is shown in Fig. 1e. 
The effective size of all BNKT based devices was about 
2 cm × 2 cm each.

2.3 � Characterization techniques

The structural and crystallographic characterizations of 
BNKT ceramic were studied using XRD (Rigaku Ultima 
IV X-ray diffractometer) with Cu Kα radiation of wavelength 
1.5405 Å. The morphology and the dimensions of the sam-
ples were observed by using scanning electron microscope 
(SEM, Model: EVO MA 10, Zeiss) and field emission scan-
ning electron microscope (FE-SEM, Model: GeminiSEM 
500, Zeiss). Ferroelectric P-E hysteresis loop of BNKT sam-
ple was traced using PE loop tracer. The pelletized sample 
of BNKT ceramic was poled electrically at 35 kV cm−1 
using DC poling unit (Marine India). Piezoelectric charge 
coefficient (d33) of BNKT ceramic was measured using Pie-
zometer system (Piezotest PM300, UK) at a tapping force 
of 0.25 N (tapping frequency = 110 Hz). The frequency 
dependent AC conductivity and dielectric measurements 
of the samples were carried out at room temperature (RT) 
using Impedance Analyzer (C-50 alpha A, Novocontrole). 
An electrodynamic vibration test system (Pacific dynamics) 
consisting of cylindrical pushing tip of diameter 4.5 mm was 
used to apply periodic vertical mechanical force (shock) to 
the device and the force exerted on the device was obtained 
using computer interface load cell (force sensor, model: 
20210, ADI Artech Transducers Pvt. Ltd., India). The piezo-
electric performance of the energy harvesters was measured 

in terms of open circuit voltage using digital storage oscil-
loscope (DSO, Rigol DSSC06) under vertical compressive 
force of 20 N (applied pressure ~ 1.2 MPa) after 24 h after 
poling the device by applying an electric field (DC) of 40 kV 
cm−1 for 12 h.

3 � Results and discussions

3.1 � Structural and micro structural analysis

The powder X-ray diffraction pattern of BNKT ceramic 
calcined at 850 °C and sintered at 1050 °C is represented 
in Fig. 2a. XRD pattern of sintered BNKT indicates per-
ovskite structure of BNKT with good crystallinity and is in 
accordance with JCPDS card No. 98-009-8049 assigned for 
BNKT (Tetragonal symmetry). Furthermore, no peaks cor-
responding to pyrochlore phase were found in the recorded 
diffraction pattern. Rietveld refinement of powder XRD 
data was carried out using Topas software (Fig. 2b). The 
lattice parameters were determined to be a = b = 3.8979 Å 
and c = 3.8898 Å having tetragonal crystal structure and 
P4mm symmetry. The refinement parameters were found 
to be: Rp = 9.21, Rwp = 11.73, Rexp = 10.09, and GOF = 1.16.

The morphology and the dimensions of as synthesized 
BNKT sample were investigated using SEM. Figure 3a 
shows the SEM image of sintered pellet of BNKT powder 
exhibiting cubic morphology with the side length in the 
range 87 nm to 0.44 μm. A statistical distribution of the 
side length of BNKT microcubes through the entire sample 
is depicted in Fig. 3b and the average cube size was found 
to be 0.268 μm.

Fig. 2   a Powder XRD pattern of BNKT ceramic. b XRD profile fit for BNKT ceramic
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The photographic image of BNKT:PDMS (30 wt% of 
BNKT) composite on ITO/PET substrate prepared by spin 
coating a mixture of BNKT microcubes and PDMS poly-
mer during bending is shown in Fig. 4a to demonstrate the 

flexibility of microgenerator. The FESEM images of top 
(Fig. 4b, c) and bottom (inset of Fig. 4b) surface shows the 
random, but nearly uniform distribution of BNKT micro-
cubes within the PDMS polymer matrix in both sides. As 

Fig. 3   a SEM image of BNKT powder pellet sintered at 1050 °C. b Histogram showing grain size distribution of BNKT microcubes with an 
average grain size of 0.268 μm

Fig. 4   a Photographic image of flexible BNKT:PDMS composite film 
on transparent ITO/PET substrate. b FESEM image of top and bot-
tom (inset) surface of BNKT:PDMS composite film set. c High reso-

lution FESEM image of single BNKT microcube in PDMS polymer 
matrix. d A cross-sectional FESEM image of BNKT:PDMS layer on 
ITO/PET substrate
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can be seen, BNKT microcubes are randomly distributed 
within the PDMS polymer matrix with slightly higher 
density at the bottom. The thickness of the BNKT:PDMS 
composite film was estimated to be about 160 μm from the 
cross-sectional FESEM image (Fig. 4d).

3.2 � Piezoelectric and ferroelectric studies of BNKT 
ceramic

The piezoelectric behaviour of BNKT ceramic was inves-
tigated using piezometer at RT. The domains within the 
microcubes are randomly oriented which can be aligned in 
the direction of applied field by electric poling. Therefore, 
the BNKT powder pellets were subjected to electric poling 
by applying dc field (35 kV cm−1) at RT. The piezoelectric 
charge coefficient (d33) was measured to be 154 pC N−1, 
which is much higher than reported values for other perovs-
kite lead-free materials [7, 13, 32, 33]. The observed value 
of d33 is also higher than the values obtained by Zheng et al. 
and Bhandari et al. for same system but different composi-
tions (Bi0.5(Na0.84K0.16)0.5TiO3 and Bi0.5(Na0.65K0.35)0.5TiO3, 
respectively) [42, 43]. The large piezoelectric response for 
BNKT makes it a potential candidate for various energy har-
vesting applications.

The existence of ferroelectricity in a sample can be con-
firmed by measuring polarization as a function of electric 
field. Figure 5a depicts the P-E hysteresis loops for BNKT 
microcubes traced at room temperature. As can be seen, 
BNKT display well shaped and symmetric hysteresis loop 
thereby confirming ferroelectric behaviour. The values of 
the coercive field (Ec) and remnant polarization (Pr) were 
measured to be 23.54 kV cm−1 and 22.12 μC cm−2, respec-
tively. For device applications, the long term reliability of 
ferroelectric properties is very important. Figure 5b shows 
the fatigue behaviour of BNKT ceramic investigated over 
10,000 switching cycles. No significant change was observed 
in the ferroelectric properties, indicating fatigue resistant 

behaviour suitable for high precision electromechanical 
transducers and actuators.

3.3 � Dielectric and AC conductivity analysis

Figure 6 shows the frequency dependence of dielectric con-
stant and dielectric loss for BNKT:PDMS composite films 
with different BNKT contents. The dielectric constant (ε′) 
was observed to decrease with increase in frequency (from 
10 Hz to 2 MHz) for all samples (Fig. 6a). This is due to fact 
that all the four polarizations (i.e., space charge, electronic, 
dipolar and ionic) contribute to permittivity at low frequency 
and the space charge contribution (which is the dominant 
contribution) diminishes at high frequencies. Moreover, 
the dielectric constant was found to increase with increas-
ing BNKT loadings. This enhancement is attributed to the 
high dielectric constant of BNKT ceramic (1663 at 1 KHz, 
Fig. 6b) as compared to that of pure PDMS polymer (2.5) 
[46].

Dielectric loss of a material is the proportion of energy 
dissipated to that stored by polarization in a dielectric under 
the application of alternating electric field. The variation 
of dielectric loss with frequency is depicted in Fig. 6c, 
which demonstrates a gradual decrease of loss tangent with 
increasing frequency for all composite films. A significant 
rise in the value of dielectric loss has been observed for the 
composites with increasing BNKT content, which is due to 
leakage caused by higher BNKT contents with high electri-
cal conductivity. These results are in agreement with those 
obtained for other ceramic-polymer composites [47–49]. 
The low value of dielectric loss (tan δ ~ 0.01 @ RT, 1 kHz 
for 30 wt% BNKT:PDMS) is preferred for dielectric and 
piezoelectric applications.

The variation of ac conductivity of BNKT:PDMS com-
posite films as a function of frequency is illustrated in 
Fig. 6d. The ac conductivity (σac) was calculated from the 
dielectric data using the relation,

�
ac

= � tan � �
o
�
�

Fig. 5   a Ferroelectric P-E hysteresis loop of BNKT ceramic. b P-E response for fatigue after various switching cycles. c Fatigue analysis plot of 
BNKT showing remnant polarization, spontaneous polarization and coercive field as a function of switching cycles
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where, ω denotes the angular frequency of the applied field, 
tanδ is the dielectric loss, εo is the vacuum permittivity and 
ε′ is the real dielectric constant. AC conductivity was found 
to be frequency independent in low frequency range (1 Hz to 
1 KHz) and increases sharply beyond 1 KHz. The flat behav-
iour at low frequency is attributed to the dc conductivity. 
The frequency dependence of conductivity can be estimated 
using Jonscher’s power law,

where, σdc denotes dc conductivity, A is a constant and s 
is frequency exponent [50]. The value of exponent ‘s’ was 
found to be between 0.89 and 0.94 for all composites after 
fitting the power law, which corresponds to hopping conduc-
tion mechanism [51].

Also, the AC conductivity of the composite films 
increased continuously with the increment of BNKT micro-
cubes content leading to reduction in insulating behaviour. 
The increase in AC conductivity with increasing BNKT con-
tent is due to the enhancement in the contribution of inter-
face conductivity between BNKT microcubes and PDMS 
polymer [52].

3.4 � Energy harvesting performance

The detailed information about the piezoelectric micro-
generator fabrication process is given in the experimental 

�
ac

= �
dc

+ A�
s

section. In the piezoelectric microgenerator, BNKT micro-
cubes act as power generation sources and PDMS polymer 
provides flexibility to energy harvester. In order to study 
the influence of BNKT microcubes concentration on the 
output performance of the device, a series of piezoelectric 
microgenerators with 10, 20, 30 and 40 wt% BNKT micro-
cubes were fabricated and their performance was compared 
as a function of BNKT content. The piezoelectric output 
voltage from the BNKT based energy harvesting devices 
(with 30 wt% BNKT) was measured under periodic vertical 
compressing and releasing conditions (20 N) using Electro-
dynamic vibration test system after poling the device with 
a dc electric field of 40 kV cm−1 for 12 h at RT. The gener-
ated output voltages from various BNKT energy harvesting 
devices are shown in Fig. 7. The open circuit output voltage 
of the piezoelectric microgenerator was observed to increase 
with increasing BNKT content up to 30 wt% in the polymer 
matrix and decreased to low value for the energy harvester 
with higher weight ratio (40 wt%) of BNKT. The drop in the 
output voltage generated from device with 40 wt% content 
of BNKT is attributed to its high conductivity leading to 
weak insulating behaviour of the composite and non-uniform 
dispersion of BNKT microcubes in PDMS. Therefore, the 
optimum weight ratio of BNKT was found to be 30 wt%. A 
large output voltage of about 11 V was obtained from the 
energy harvesting device (with 30 wt% BNKT) upon peri-
odic vertical compression of 20 N.

Fig. 6   Dielectric constant of a 
BNKT:PDMS composites with 
different BNKT contents (10–
40 wt%) and b BNKT ceramic 
as a function of frequency. Vari-
ation of c dielectric loss and d 
AC conductivity with frequency 
for various BNKT:PDMS com-
posite films
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To check whether the measured signal is arising from 
BNKT:PDMS device, switching polarity test was carried out 
for BNKT:PDMS microgenerator by reversing the electrode 
connection. The generated output voltages from the device 
in forward and reverse connection under periodic 20 N verti-
cal compressive force are shown in Fig. 8 a–d. An opposite 
signal is detected when the power generation device is con-
nected in reverse, thereby confirming that the output signals 

recorded from the device are generated as a result of piezo-
electric phenomenon and not by any environmental noise. 
The magnitude of peak value of output voltage generated 
during press and release states was observed to be unequal 
due to different straining rate during application and removal 
of stress from the power generator.

The piezoelectric voltage generation mechanism from 
BNKT based microgenerator can be explained as follows. 
In the absence of any external force (stress/ electric field), 
electric dipoles within each BNKT microcube are randomly 
aligned leading to zero net dipole moment and hence no 
electric output. When the device is poled, the electric dipoles 
within BNKT microcubes are aligned along the direction 
of applied electric field. However, no output signal will 
be detected in the absence of external force due to device 
being in equilibrium state. Further, when the compressive 
stress is vertically applied, opposite charges are generated 
on the top and bottom electrode of the device resulting in 
the generation of piezoelectric potential. Further, when the 
applied vertical stress is released, the generated piezoelec-
tric potential disappears causing the charges to move back 
in opposite direction. Therefore, AC type output signal was 
generated corresponding to the application and release of 
compressive force.

A stability test was carried out under periodic vertical 
compression of 20 N at a frequency of 1 Hz over 700 cycles 

Fig. 7   Output voltage of piezoelectric microgenerators with different 
BNKT contents (10–40 wt%) under compressive force of 20 N

Fig. 8   Piezoelectric output 
voltage generated from the fab-
ricated energy harvester under 
vertical compression of 20 N 
in a forward connection and b 
reverse connection. Enlarged 
view of one cycle of generated 
output voltage under c forward 
connection and d reverse con-
nection
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(700 s). As shown in Fig. 9, no degradation in the piezo-
electric output performance was observed over the entire 
period of testing, thereby indicating the excellent stability 
and reliability of BNKT:PDMS energy harvester.

The energy harvesting performance of various piezo-
electric energy harvesters based on perovskite materials 
and the details of experimental conditions are summa-
rized in Table 1. It can be clearly seen that the fabricated 
BNKT:PDMS energy harvester exhibits better performance 
as compared to various previously reported piezoelectric 
energy harvesters.

The piezoelectric output voltage from the piezoelectric 
energy harvesting device is influenced by piezoelectric 
charge coefficient of the material and the dielectric constant 
of the composite according to relation: V =

d
33
�Y

�
o
K

 , where 
d33 is the piezoelectric charge coefficient, ε is the strain, Y 
is the Young’s modulus of the material, �

o
 is the vacuum 

permittivity and K is the dielectric constant [15]. From the 
dielectric study, it has been observed that the value of the 
dielectric constant of composite with 30 wt% BNKT (32 at 
1 KHz) is much smaller as compared to BNKT ceramic 
(1663 at 1 KHz) due to small value of dielectric constant of 
pure PDMS [42]. Therefore, high d33 value of BNKT 
ceramic and low dielectric constant of BNKT:PDMS 

composite are responsible for observed large output voltage 
from the BNKT:PDMS piezoelectric microgenerator.

4 � Conclusions

In summary, BNKT microcubes were successfully synthe-
sized through solid state reaction method and characterized 
as promising candidate for piezoelectric energy harvester 
due to its high piezoelectric coefficient (154 pC N−1). Com-
posite based flexible microgenerators were then fabricated 
using the as-synthesized BNKT microcubes and PDMS 
polymer. The effects of BNKT microcubes (10–40 wt%) 
on the dielectric and electrical properties were evaluated. 
Both dielectric constant and AC conductivity were found to 
increase with increasing BNKT content. The piezoelectric 
microgenerator with 30 wt% of BNKT generated the highest 
output voltage of ~ 11 V under vertical compression of 20 N. 
Observed high output voltage from the device was explained 
in terms of high d33 value of BNKT microcubes and low 
dielectric constant of BNKT:PDMS composite. Our work 
indicates that BNKT based microgenerator can be realized 
to scavenge energy from human body motion for powering 
wireless electronics and various self-powered devices.

Fig. 9   a Stability test of 
BNKT:PDMS energy harvester 
under vertical compressive force 
of 20 N. b Enlarged view of 
output voltage signals for 100 
cycles

Table 1   Comparison of the energy harvesting performance of BNKT:PDMS based energy harvester with other reported data

Composite piezoelec-
tric energy harvester

Thickness of com-
posite layer (µm)

Area of 
NG (cm2)

Poling conditions Working mode Output 
voltage 
(V)

Reference

BaTiO3:PDMS 300 1.0 80 kV/cm, 12 h Compressive force of 1 MPa 5.5 7
BiFeO3:PDMS 100 2.5 200 kV/cm, 10 h, 150 °C Repeating hand impacting 3.0 9
PMN-PT:PDMS 150 0.5 50 kV/cm, 24 h, 150 °C Tapping using plastic handle 

of screw driver
7.8 14

KNbO3:PDMS 25 7.2 150 kV/cm, 1 h, RT Compressive strain of 0.38% 3.2 21
LiNbO3:PDMS 350 6.0 90 kV/cm, RT Compressive force of 1 kgf 4.0 23
NaNbO3:PDMS 100 4.5 80 kV/cm, RT Compressive strain of 0.23% 3.2 24
BNKT:PDMS 160 4.0 40 kV/cm, 12 h, RT Compressive force of 20 N 11.0 Present work
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