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Abstract: In the last decades, increasing interest in piezo-
electric material has opened new horizons in electronic
industries and alternative energy fields. In this study, a
piezoelectric (ZnO NSs—Na,TigO3) were prepared from
Zinc Oxid Nanosheets (ZnO NSs) and Disodium Hexa tita-
nate (NTO). The dielectric, harvester performance, and
the pyroelectric effect of ZnO NSs — NTO explored experi-
mentally. Under different experimental conditions and
mechanisms, the generated voltages had been measured
where a quasi-static pressing force was applied at the
harvester. In addition, the derived voltage has been rec-
tified when the harvester was mounted over a cantilever
beam, where the power density was 0.10 + 0.1 mW/cm®.
Finally, there was further investigation of the pyroelectric
property which yielded a maximum pyroelectric coeffi-
cient of 30.51 uC/m” °C at low temperature.

Keywords: energy harvesting, heterojunction, piezoelec-
tric, ZnO, pyroelectric, sodium titanate

1 Introduction

Piezoelectric materials are attractive as they possess a
high sensitivity to mechanical vibration and are capable
to convert the waste vibrations to useful electrical energy
as well as storing it for later use. These materials are
physically distinguished by having a direct and reverse
property whereas when the material is excited by mechan-
ical vibration energy, this energy can convert to electrical
power and vice versa. Additionally, the use of pyroelectric
materials also has a considerable interest where the heat is
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extremely difficult to recover from low-grade waste sources.
Outstanding advances have been achieved in manufac-
turing piezoelectric transducers and actuators where most
applications are formed from soft Lead—Zirconate—Titanate
(PZT) to several other ferroelectric and non-ferroelectric
materials. Recently, the fabrication of piezoelectric nano-
generators has had wide separation [1,2]. Since clean energy
sources are sorely needed, numerous harvesting techniques
have been developed to generate optimal energy based on
the use of a PZT harvester. The optimal excreting of power
derived by different harvesting mechanisms such as excited
cantilever beam to harvest the highway-traffic excitations
[3], customized materials [4], using a series of connected
banders [5], a customized geometry [6], flexible films [7],
high mechanical excitations amplitude [8], and harvesting
mechanism smart rectification of the extracted power [9].
The piezoelectric materials that have ferroelectric manners
such as PZT, PbZrTOs, BrTiOs, LiNbOs, and PVDF to many
other components are distinguished by their fast electrical
response and high figures of merit [10]. The required power
density for powering wireless node is 1 mW with long-term
durability and ability to transmit long distances [11,12]. Sev-
eral piezoelectric materials can detect any change of tem-
perature, whereas pyroelectric materials can also convert
heat into electricity. Among the pyroelectric materials,
aluminum nitride (AIN) and zinc oxide (ZnO) exhibit dual-
generation functions. Zinc Oxide was recognized by its
non-ferroelectric characteristic; it is a promising material
and could be used in thermoelectric applications [13]. ZnO
NG has been received a remarkable improvement in piezo-
electricity where the piezoelectric coefficient is recorded in
the range of 25-34 pm/V, and the average AC-voltage gen-
erated was between 0.1 and 2volts [14-18]. Nanoscale
growth exhibits a variety of configurations where the
nanostructured zinc oxide can be tailored its morphology
structure to suit any application. It is crucial to control the
crystal growth percentage, morphological shape, and crystal
orientation through synthetic methods and experimental
conditions. Prior to this study, a wide range of ZnO NG
morphologies were investigated such as nanotubes [19],
nanofibers [20], nanosheets [21], nanorings, nanowires [22],
nanobelts [23], and nanoflowers [24]. It was found that the
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short circuit current was in the range of nanoamps to several
microamps [14]. Generally, a low-dimensional material is
classified according to the dimensions of its crystallization
morphology. In more detail, nanoparticles (0D) have zero-
dimensional growth, and the material is called one-dimen-
sional (1D) such the nanofibers, nanotubes, and nanowires.
Likewise, crystallization involving two dimensions results in
a 2D nanostructure. The performance of OD, 1D, and 2D
materials were compared experimentally. Excellent perfor-
mance and higher efficiency were found in ZnO-nanosheets,
the generated power was in the range of 2.4 pW/m? whereas
the 1D and 2D nanogenerators provided 0.12 and 1.3 pW/m?,
respectively [25]. Hydrothermal preparation of two-dimen-
sional ZnO (2D NSs) and the performance has been com-
pared with ZnO nanowires (1D NWs). In terms of current
output, the performance is far superior to 1D NWs where
the 2D NSs were nearly fourfold more effective [26].
Nanosheets are among the best materials for wearable
devices, ZnO NSs display a large surface-to-volume ratio
and thus are light and offer excellent electrochemical,
biocompatible, and superior sensing properties [27].

Self-rectification of signal output has been imple-
mented as another harvesting mechanism, where rectifi-
cation of signal output was obtained by using ZnO nanosheets
doped with vanadium (V). The formation mechanism of ZnO
NSs involves the fabrication of ZnO NWs, where the zinc ions
Zn** and O ions are attracted alternatively along the c-axis
of NWs, and when the growth forward c-axis is suppressed,
the nanosheets configured by transforming the ZnO NWs to
Zn0O NSs [28]. From other perspectives, ZnO is one of the
fundamental materials for developing multifunctional semi-
conductors, which is recognized as one of the n-type semi-
conductors. Specifically, there was the existence of intrinsic
defects such as O vacancies O(V) that have more electrons in
the atomic outer shell [29]. A half rectification of ac signal was
observed as a response to the heat exposure, and a positive dc
rectifying current is generated as a result of the formation of a
p—n heterojunction [30]. In addition to the pyroelectricity,
Zn0 has fast photoresponse with large broadband. It found
that an instantaneous polarization occurs when temperature
increases rapidly under the light. A group of researchers had
developed a hybrid pyroelectric and photovoltaic photode-
tector sensor from n-ZnO/p-Zn Te heterojunction materials,
the device exhibited rapid responses to light and wideband
response when the temperature increased. There were broad
rectifications of the current at voltages between 1.5 and
1.8 [31].

Piezoelectric harvesters that are lead-free have recently
gained popularity, sodium titanate (NTO) was combined
with other materials such as (NaBiTiO;—BaTiO3), hence
it produces excellent electromechanical properties. The
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piezoelectric coefficients (d33) of NaBiTiO;—BaTiO; recon-
ducted under different experimental conditions varied
between 153 and 216 pC/N [32]. It was found that the
NTO has desire crystalline structure, excellent chemical
stability, excellent cyclic stability, and high conductivity
characteristics. NTO was used as ion exchangers [33,34],
energy harvest sensors, photocatalysis, sensors [35], and
biomedical applications. The raw materials of NTO have
widespread abundance, affected manufacturing cost, low
toxicity, and are useful for numerous applications; it was
used as charge storage material and serves as a positive
terminal that attracts the majority carriers of the material
[36]. The generated voltage varies and depends on the
applied mechanical stress where the dynamic characteris-
tics (i.e., natural frequency, damping rate, and mode
shape) must consider for optimal output. The integration
of harvesters and beams for harvesting energy has been
widely studied where the dynamic characteristics of har-
vesters and their host structures have to be matched [37].
In this article, ZnO NSs—NTO were hydrothermally synthe-
sized and compacted between two electrodes. The opti-
mization of dielectric properties is realized due to the
presence of an NTO layer that has a narrow energy gap.
In previous studies, the ZnO NSs were used to generate
voltage by pressing and releasing mechanisms. As a result,
this study examines the voltage output over a cantilever as
well. The response of ZnO NSs—NTO to different mechan-
ical excitations has been explored (e.g., it was examined at
selected point over a cantilever beam and with finger
pressing). Upon full rectification of the signal, the derived
power could be used to illuminate a light-emitting diode
(LED). In addition, pyroelectricity was observed at low
temperatures between 35 and 25°C.

2 Experiment setup and procedure

2.1 Sample preparation

The raw materials for synthesized ZnO NSs—NTO were Zn
(CH5COO0), Sodium Hydroxide, and Titanium Dioxide (the
purity of Titanium Dioxide was 99.5% purity). The mate-
rials have been purchased from R Essex U.K.). NTO was pre-
pared by using a solution gel method, where NaOH-TiO,
mixture was prepared with a molar ratio of 1: 0.5. The first
step to prepare the ZnO NSs was by using a heavy stirr-
ing of precursor solution that consists of zinc acetate
(Zn(CH5CO00),—2H,0) and C¢H;,N, with an equimolar ratio
of 0.03 M, the precursor solution stirred for 2 h at 80°C. The
reaction produced a white precipitate which was filtered
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using a fine filter paper and washed twice with deionized
water.

The obtained solution (wet powder) was applied
above the zinc electrode with a thin film applicator and
dried at 100°C for 30 min. A layer from NTO suspension
was applied above the ZnO layer to be as a positive term-
inal, and then, the sample was left to dry. The Cu sheets
were set up over the NTO layer, a thermal treatment pro-
cess was carried up at 60°C for 15 min. Lastly, the sample
was pressed and packaged with PET sheets for further
damage prevention. Figure 1 illustrates the configuration
of the ZnO NSs—-NTO harvester.

2.2 Energy harvesting procedure

For harvesting energy, the harvester was mounted on a
cantilever beam and excited by an electric shaker to pro-
duce a cyclic excitation at a frequency of 30 Hz. The DC
and AC outputs were measured. The test rig setup is illu-
strated in Figure 2. The dynamic characteristics of the
beam were analyzed based on the experimental Modal
Analysis (MA) and Operational Deflection Shape (ODS).
It was found that the mode shape of the beam was in
linear distribution at the natural frequency of 30 Hz
where nine discrete points have been assigned over the
cantilever, and point 3 (strained region) was the selected
point in this study. The generated AC voltage was mea-
sured using NI USB-9162 hardware, and the excitation of
the cantilever was detected by Pocket Laser Tachometer
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(Monarch PLT200). Alternative signals were rectified and
converted to a DC signal by using a voltage regulator
circuit consisting of four Schottky diode bridges (1N5817)
and the rectified current was stored at 100 pF. The sto-
rage energy was efficiently operated a light emission
diode (5 mm).

3 Result and discussion

3.1 Surface analysis and crystalline
structure

The nanostructure morphology of ZnO NSs-NTO was
investigated by Field Emission Scanning Electron Microscopy
(FESEM); the ZnO NSs and the NTO columns are illustrated in
Figure 3. The FESEM morphology images were analyzed by
Image ] software. Morphologically, the thickness of the ZnO
NSs was an average of 28.2nm, which makes it one of the
thinnest known materials [38].

The output current increased by increasing the area
of the nanosheets and reducing the sheets thickness [26].
The morphology of the ZnO was detected by FESEM, and
ZnO NSs were grown with a thickness average of 28.2 nm.
Where a good piezoelectric property could be realized
when the grown nanosheets are extremely slim and
have a large area [26]. The morphology of NTO configured
as columns in microscale size; the mean rate of columns’
lengths was about 17.55 pm whereas the formed columns

J
T
Width of NTO=0.25 mm :
Width of ZnO NS=0.25 mm ""J
I ]
" The width of electrodes is Zn=0.3 mm and CU=0.15 mm 1 mm
PET Cu  NTO ZnONS Zn  PET

Figure 1: Construction of ZnO NSs—NTO harvester.
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Figure 3: Structure of ZnO NSs—NTO: (a) zinc nanosheets layer; (b) disodium hexatitanate layer.
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Figure 4: X-Ray diffraction: (a) ZnO NSs spectrum; (b) NTO spectrum.

had a cavity with an area of 3.63 um®. The lattice structure
of ZnO NSs and NT was analyzed. A PANalytical X’Pert3
X-ray Diffractometer was utilized to examine the lattice
structure configuration. The CuKa radiation and fixed
power source utilized were 40kV and 40 mA, respec-
tively. XRD Spectrums for ZnO NSs and NTO are given
in Figure 4. A hexagonal phase with space group P63mc
(186) was assigned at 2 theta in the range of 10-80°, and
the crystal lattice of the examined ZnO was a hexagonal
structure with lattice. Debye-Scherrer equation was uti-
lized to calculate the average of the crystallite size [39],
the average crystallite size of ZnO was 25.43 nm, whereas
the average crystallite size of NTO was 88.26 nm.

.
Bcos 6’

@

where D refers to the average crystallite size, k is the
Scherer’s constant, A is the X-ray wavelength, 0 is the
Bragges angle, and S is the full width at half maximum
(FWHM) of the diffraction peak.

It is obvious that the crystallite size of NTO is much
higher than ZnO NS where large crystallite size means
that the molecules or atoms are arranged in a long-range
order where NTO has good and pure intrinsic properties.
The detected pattern of the NTO was monoclinic with
a space group of C12/ml. The waveform pulse of NTO
has half width at a high maximum (FWHM) average of
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Figure 5: UV-Vis Absorption spectra: (a) ZnO NSs and (b) Tauc plot of ZnO NSs.

0.1 nm; in addition, the NTO spectrum peaks have narrow
and sharp edges, and this indicates that the NTO have
preferred electric properties and it has a high sensitivity
to any change of temperature or excitations.

The detection of the energy gap (E;) has been con-
ducted to find the minimum change in energy that causes
of releasing the electrons from the valence band to the
conduction band. Thus, E; of ZnO and NTO were measured
using ultraviolet spectrum technology as illustrated in
Figures 5 and 6.

UV-Vis spectroscopy was used to examine an aqueous
solution of ZnO nanosheets and NTO. The absorption of

light and wavelength were measured. Tuck Plot was obtained
from the absorption data (ahv)’" versus the photon energy
(hv) as given in Figures 5(b) and 6(b) where a straight line
extends to intersect the x-axis at (ahv)l/ "™ = 0, where the
energy gap value is determined by this intercept, and the a
represents the absorption coefficient. The analysis of the
optical absorption spectra based on the Tauc approach
yielded energy gaps of ZnO NSs and NTO were 3.255 +
0.001 and 2.23 + 0.001eV, respectively. The results show
good electrical conductivity especially of the NTO. These facts
are illustrated in Figures 5 and 6. ZnO strongly absorbs the
UV- wavelength, and the standard direct band gap of zinc
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Figure 6: (a) UV-Vis Absorption spectra and (b) Tauc plot of NTO.



DE GRUYTER Design and characteristics of ZnO NSs—NTQ = 7
Cps/eV
1 -6 =
16 J
Fs 144
0.1 12 Na Ti
. 10Ti| Zn Zn

s4

’\VE: 001 —+Cobuctivity 3w 6

Eﬂ ——Loss tangent é 4 h

o 24

- M2 0_‘.\‘.“‘ - r

0.001 Sassasansannd 2 4 6 . s 10 12 14
\-..._____“* Mt Spectrum : Acquisition
Element Series Unn.C | Norm. | Atom.C | Error
0.0001 5 : T T : - 0 [wt.%] |C [at.%] (Sigma)
Frequency (Hz) * 100000 - - [wt.%] [wt.%]
Sodium K-Series 3.15 3.99 4.07 0.33
Titanium | K-Series 33.99 43.09 21.13 1.23
Figure 7: Loss tangent and conductivity of ZnO NSs—NTO. Oxygen | K-Series 39.69 5031 | 73.85 8.42

Zinc K-Series 2.06 2.61 0.94 0.42
Total 78.88 100.00 | 100.00

40000 -
35000 4
> 30000 4
2
E 25000 1
£
& 4 ZnONSs-NTO
o 20000 4
2 # Pure ZnO NSs
]
= 15000 4
[
10000 1
5000 A
0 T S ——»
(a) ) ) ) o )
= [=3 (=3 i=3 [=3
2 g g g g
Log/ (tz) 2
6
5
4
£
£ 4ZnO NSs-NTO
& HPure ZnO NSs
= 2 baa,,
LLYVYY
AAAAAA“““‘ .
1
(b) ; ; : ; Sl
< 2 & 2 E 2 8 R 8 & e
Frequency (Hz)

Figure 8: Physical properties of ZnO NSs—NTO and pure ZnO NSs: (a)
dielectric constant; (b) loss tangent.

oxide is ~3.37 eV. As a result of nanosheet construction and
orderly arrangement of patterns on ZnO nanosheets, there
was a reduction of energy band to 3.255 (i.e., this implies that

Figure 9: Surface materials identification of ZnO NSs-NTO.

Zn0 nanostructures have highly mobile electrons and dense
carriers), and consequently, the conductivity increases. Mul-
tiple peaks are observed in Figure 4 where that is possible for
more than one electron transition to occur from a ground
state into an excited state, and each peak corresponds to
an electron transition (i.e., every electron has different energy
and hence different wavelength).

3.2 Dielectric properties

The dielectric loss and conductivity of ZnO NSs—-NTO were
measured using an impedance analyser (model 4294A). The
dielectric constant at a frequency of 10> Hz was 2.249 x 10°.

The dielectric constant under an alternative field is
given in Figure 7. In terms of the piezoelectric character-
istics, the piezoelectric coefficients are determined by
calculating the permittivity and capacitance ratios. In
addition, an impedance analyser uses to measure the
ac-conductivity and loss tangent [40]. It is well known
that in ideal cases, the dissipation of energy is zero and
there is no internal heat loss under an alternating electric
field. The energy dissipated in the material occurred due
to the movement of the free charges and the polarization,
where the dipole moves to be aligned within the applied
electric field. There is a significant increase in dissipated
energy at frequencies up to 5kHz where the rate of loss
tangent decreases with the increase of the frequency of
electromagnetic waves up to this limit. The conductivity
of NTO was measured by using the Agilest 4294A ana-
lyzer, and the conductivity was 1.2 x 10°S/m at a
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Figure 11: Voltage generation based on press and release at the ZnO NSs-NTO.

frequency of 1 kHz whereas the conductivity of ZnO NSs—NTO
at 10> Hz was 4.8047 x 107 S/m, which is higher than the
conductivity that measured in the prior study for the pure
Zn0 NSs (i.e., 10~ S/m) [41]. High improvement of conduc-
tive properties was found due to the presence of NTO. Con-
ductivity and loss tangent versus frequency is illustrated in
Figure 8.

It was observed that loss tangent is high at low fre-
quency; hence, this phenomenon could be attributed to
the internal resistivity and due to the formation of internal

heterojunction between ZnO NSs and NTO, where there is
a similar behavior was detected in perovskite piezoelectric
and ferroelectric materials that are known as superlattice
materials [42]. On the other hand, there is the formation
of Schottky—Junction and Schottky barrier resulting in
increasing internal resistivity and should be taken into
consideration. In Figure 8, raw ZnO NSs and ZnO NSs—-NTO
are compared. The results affirm that the sodium titanate
assists in improving the dielectric properties whereas there
is an increase of loss tangent at low frequency.



DE GRUYTER Design and characteristics of ZnO NSs—=NTQ =— 9

0.0 ¥

Voltage (V)

0.900 0.950 1.000 1.050 1.100 1.150 1.200 1.250
Time (s)

Figure 12: AC Voltage generation of excited ZnO NSs—NTO over cantilever beam.

3.3 Energy dispersive spectroscopy 3.4 Energy harvesting test

The ZnO NSs—NTO components were detected by energy The signal output is analyzed under different excitation
dispersive microscopy, and an EDS spectrum specified conditions where the signal is measured after finger
the exciting elements in particular points at the sample pressing and when the sample is held over a cantilever
surface. The ratio between Zn, Na, Ti, and O, is detected beam. At the moment of applying quasi-static force (i.e.,

as shown in Figure 9. at pressing moment), the fluctuation of the voltage signal
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Figure 13: Harvesting energy over cantilever: (a) the power density of ZnO NSs—NTO that induces light up of LED diode; (b) DC voltage and
current.
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Table 1: Voltage and current measurements of ZnO NPs—NTO compared with several other studies

Zn0 nanogenerator Voltage (V) Current density, Isc (pA/cm?) Ref.
ZnO/PEDOT:PSS 0.154 1.580 [43]

Zn0 nanowires 2.030 0.107 [44]
ZnO/PMMA with Schottky contact 1.260 0.018 [45]
GaN-ZnO-PVDF-Si0?//Si 3.100 0.124 [46]

Zn0/Sn 4.150 0.006 [47]

Zn0O NSs -1.36 0.406 [48]

Zn0 NSs-Na,Tig0;3 1.5 10.666 Current study

is rectified due to the formation of a broken heterojunc-
tion gap, and accordingly, the DC-signal could reach up
to 0.5V as given in Figures 10 and 11. There is the forma-
tion of a broken heterojunction band gap under pressing
as provided in Figure 10(a and b). The broken-gap het-
erojunctions band is a promised structure to synthesize
a high-speed switching phase. To convert the AC signal to
a DC signal, a rectifier diode bridge circle has been
designed, the derived electrical charge was accumulated
in a capacitor, and the DC voltage was measured against
a variety of external loads with load resistances in the
range of (1-2,900 kQ).

In this junction, a low-power tunnel field-constructed,
the free electrons at the conduction band (ZnO NSs or n-type)
diffuse across the junction forward the NTO (n-type side) and
fall into holes that occupy the valence band. By virtue of the
resistivity across the junction, electrons lose some energy in
the form of heat. As soon as the pressing is removed, the
junction band disappears and ZnO NSs-NTO regains its
piezoelectricity. This fact is presented in Figure 11; the cap-
tured voltage (Vo1 at finger pressing was 1.5V. For mea-
suring the generated AC voltage of the ZnO NSs—NTO on the
excited cantilever, the sample mounted over the cantilever
beam (450 mm x 40 mm X 5 mm) was excited in a frequency
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Figure 14: Pyroelectric property of ZnO NSs—NTO: (a) temperature versus voltage at low temperature difference (0.1-0.3°C). (b) Schematic
diagram of experiment setup. (c) Signal rectification in ZnO NSs—NTO.
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of 30Hz and an acceleration of 0.4m/s* The AC voltage
(Vpk—pk) Was 0.6 V. High stability of voltage magnitude was
verified due to the ZnO NSs—NTO being excited at a particular
frequency, as shown in Figure 12. The maximum stored

voltage (DC voltage) across the 100 pF capacitor was 5.3V
when the applied resistance was 195 kQ.

The maximum power density was 0.10 + 0.1 mW/cm®
at a load resistance of 195kQ as provided in Figure 13.
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Figure 17: Pyroelectric Coefficient versus the change of temperature.
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The rectified current is sufficient to operate LED perma-
nently. The voltage output and current density of this
work were compared to those of other nanogenerators,
as shown in Table 1.

4 Pyroelectric behavior

The pyroelectric behavior was examined of the ZnO NSs—NTO
hence, the harvester was exposed to warm air stream on both
sides (i.e., ZnO NSs side and NTO side). The temperature of
the Zn electrode and Cu electrode was recorded by a thermo-
meter (model H240 and when the temperature was raised to
36°C the hot stream was removed). The reduction of the sur-
face’s temperature of the ZnO NSs—-NTO versus the voltage
was recorded where the temperature difference over the
electrodes was in the range of (0.1-0.3°C) as provided in
Figure 14(a).

Accordingly, the voltage increased upon the reduc-
tion of the surfaces’ temperature as result of the develop-
ment of periodical polarization or electric dipole orienta-
tion. The pyroelectric current is calculated according to
the relation between the change difference over time.

AQ AT
I=2==pA=, 2
a Poae @

where Iis the current, Q denotes the pyroelectric of charge,
A

A—f is therate of change of temperature, and p repre-
sents the pyroelectric coefficient; A is the electrode area.
Essentially, the pyroelectric current of the nanogenerator
depends on the rate of change in (AT/At > 0). In the current
study, the temperature rates for the electrodes were kept
between 0.1 and 0.3°C, which is extremely small and can
be ignored. In this case, the maximum current at a resistance
load of 300 kQ was 4.4 pA, the voltage, and current are given
in Figures 15 and 16 where the rectified voltage rise with an
offset of 0.2V (i.e., due to there is a stored current of NTO). In
fact, a dramatic increase in voltage generation was observed
when the electrode temperatures varied widely as a result of
the thermos sensing property effect. As a result of the heat
and mechanical forces, the voltage could rise to 2V. The
pyroelectric coefficient is the change of spontaneous polar-
ization because of the change in temperature. The pyroelec-
tric coefficient calculates as

b

’ 3)
()

where p is the pyroelectric coefficient, I, is the current, A

p:

represents the harvester area. And the (AAT) represent the

DE GRUYTER

ratio temperature over time. In this case, the maximum
voltage was up to 1.3V at a temperature of 26°C. The pyro-
electric coefficient was calculated as shown in Figure 17.
The pyroelectric coefficient reaches the maximum value at
30.51 pC/m? °C.

5 Conclusions

In this article, a piezoelectric was prepared from ZnO NSs
and Disodium Hexa titanate. ZnO NSs—NTO provides a
good dielectric constant and conductivity when compared
to pure ZnO NG where the presence of a sodium titanate
layer assists in increasing the generation of voltage. The dielec-
tric constant and conductivity at 10°Hz were 2249 x 10°,
4.8047 x 107*S/m, respectively. A broken heterojunction
bandgap could be formed under finger pressing; thus, the
rectification of the signal was recorded.

The maximum generated voltage reached more than
1V under a variety of excited loads. The maximum power
density was 0.10 + 0.1 mW/cm>. It was observed a higher gen-
eration of voltage at a range of temperature of 25-27°C where
the maximum pyroelectric coefficient was 30.51 pC/m? °C.

Additionally, for future work and based on the initial
experimental notes, the author suggests further exten-
sion of studying the influence of temperature on energy
generation in a broader range of temperatures and abrader
variant of temperature for both ZnO NSs—NTO faces.
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