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This study aims to explore the possibilities of hybrid cells to convert photon and mechanical
energies in a semiconductor area. A device with a hybrid ability was successfully
fabricated from AZO (Al doped ZnO) semiconductor nanofibre-based materials by an
electrospinning method. The N-719 dye was used to synthesize the semiconductors. The
hybrid cell of DSSC and piezoelectric use flowrates of precursor as a measurement
parameter on the electrospinning machine which differences of nanofiber diameters were
formed on the collector. Furthermore, aluminum as doping material was also applied to
ZnO in order to reduce the size of the fibers. When the hybrid cell worked as solar cells
based on AZO, an open circuit voltage was produced in the range of 0.421 to 0.507 V. In
greater flow of precursors condition, Voc of DSSC will be slightly decreased. On the AZO-
based DSSC, the highest Jsc was 1,147 mA/cm2. When the cell worked as a power nano
generator, Voc and highest oufput power of AZO-based cells were 119 mV and 24,8 nW
repectively on the flow rate of 2 uL/min.
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aggregate formation of Zn%*, electron injection
efficiency, efficiency of dye regeneration, and the
density of the surface frap after dye absorpsion [11].

1.0 INTRODUCTION

Zinc Oxide (ZnO) known as unique semiconductor

materials which was applied for several apparatus
such as solar cells [1-3], gas sensor [4], and
piezoelectric [5-9]. As a semiconductor material for
solar cell, ZnO has functions to convert foton energy
through electron excitation mechanism based on
band gap. Compared to the TiO2 which has band
gap of 4.24 eV, InO has bigger band gap value of
3.61 eV [10] in which it effects the level of energy
conversion of ZnO based solar cell that is lower than
TiO2 based solar cell because of the smaller
absorbance of the light for ZnO. There are several
factors having effect to the efficiency such as
solvability of ZnO in dye immersion, the dye-

Generally in order to obtain optimal performance of
the solar cells, several factors are required such as
rapid electron injection, high dye uptake, long
lifespan electrons and short fime electron tfransfer
[11]. Besides functioning as a solar cell material, Zno
has already been studied as a piezoelectric material.
Piezoelectric is an energy harvesting method which
operates on the mechanical stress in order fto
generate electric power. This piezo effect could
happen at materials which have noncentrosimetric
crystal as shown on tefrahedral crystal of ZnO while
crystale shape for TiIO2 doesn’t have piezo effect. This
fact makes ZnO as an unique semiconductor
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material having capability on electron transfer on
solar cell and mechanical stress effect. Unfortunately
researches on hybrid of ZnO as energy harvester are
sfill limited. Even though ZnO based solar cell has low
efficiency compared fo Si02 but  the
noncentrosimetric form of the crystal of ZnO has a
capability to act as piezoelectric mechanism in one
layer with solar cell [12].

In the previous hybrid cell study, ZnO was
manufactured using screen printing method, while in
the other fact ZnO could be fabricated in the fibre
form by electrospinning method [13-14]. Compared
to the round shape, ZnO fibre form has better color
absorption and easier electron transfer because of
mechanical stress. Compared fo other synthesis
methods of semiconductor such as spray pyrolysis
deposition (SPD) [15], magnetron sputtering [12]
solvothermal processing, and spin coating [16],
electrospinning method is much easier especially in
terms of parameters control and generates a form of
nanofiber of semiconductor [14, 17, 18, 19, 21].

So far electrospinning method to produce
semiconductors for energy harvesters are sfill limited
to a single source of energy and whereas the sources
of the hybrid energy are sfill rare. This research
focuses on the manufacturing process of hybrid cell
of DSSC and piezoelectric in one cell of Al based ZnO
(AZO) nanofiber and its performance as the effect of
the precursor debit determining the fiber diameter on
Al doped ZnO (AZO) in order to enhance the
performance of ZnO.

2.0 METHODOLOGY

Sinthesis process of the Al doped ZnO materials has
already designed and manufactured. Nanofiber was
formed by electrospinning machine using 1 ml of
solution in syringe pump at high voltage of 15 kV
attached to the horizontal collector plate on 8 cm.
The solution was push flow to the syringe on flow rate
of 2, 4, 6, and 8 ul/minutes respectively which the
green fibers will be collected. Green fibers then
sintered at 550°C in 2 hours of holding fime to
eliminate organic material and formed ZnO crystal
[13]. Most of the organic matter PVA and acetic acid
were decomposed or lost at a temperature of 550°C
[20] at the heating rate 240°C/hr. While other studies
mention that the temperature of 420°C is enough to
decompose the PVA organic material [21] due to the
heating rate 600°C/hr. At those temperatures the
semiconductor oxide will form a nanofiber of AZO.
Characterization of nanofiber morphology and
crystallinity of AZO were obtained by SEM and XRD
test. Further XRF fest was conducted to determine
the content of doping that is not detected because
of the very small quantities. The goal is to determine
the presence of aluminum as a dopant material ZnO
nanofiber.

3.0 RESULTS AND DISCUSSION
3.1 Morphological Test of ZnO and AZO Fiber

The SEM ftest showing fiber of AZO as a result of
electrospinning machine in various debit of precursor
in continuously shaped was presented on Figure 1.
On the AZO fiber there is noft fibrous condition. Further
doping process of Al to ZnO decreases the size of
fiber in 1/1.7 to 1/2.3. This condifion is a result of
nucleation center forming on ZnO in Al doping
process [22], so in the similar sinfering energy the size
of the fiber will decrease. Furthermore the diameter
size of AZO fiber is more uniform than ZnO as shown in
smaller deviation standard (Table 1). For AZO, the
smallest diameter of the fiber was obtained at a flow
rate of precursor of 2 uL/min (85.0 nm).

Table 1 The Mean diameter of AZO fiber at various flow rate
of precursor

Flowrate AZIO-2 AIO-4 AIO-6 AIO-8
Mean Diameter (nm)  85.0 102.3 129.2 189.9
Stdev 18.7 16.3 18.6 59.4
t-test (20 fiber) 1.03 1.40 0.06 1.05

In this research, the fiber diameter is slightly larger
than those obtained in the previous studies which
ranged from 65.3-82.8 nm at similar flow rate [23]
because in the previous study the collector was
aluminum plate that has a greater electrical
conductivity than the glass FTO (fluorine-doped tin
oxide). On the collector having higher electrical
conductivity, the withdrawal speed of the fiber is
higher producing fiber in smaller diameter.

Figure 1 SEM photos of AZO nanofiber in various debit of
precursor (a) 2 pL/min, (b) 4 yL/min, (c) 6 pyL/min, (d) 8
pL/min
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Meanwhile, based on JC-PDF 36-1451 of the XRD test
for AZO fiber shows three main diffraction peaks at
index of (100), (002) and (101) corresponding to the
hexagonal structure of ZnO. The doping process of
aluminum in the ZnO does not change the pattern of
X-ray diffractfion and nor emerge a new phase. It
means that aluminum succeeds in infilfrating the
crystal lattice of ZnO depicted by bigger size of the
crystals of AZO, as shown in Figure 2.

Intensity (arb. u)

20 30 40 ;8 60 70 80
Figure 2 Results of XRD fest for AZO

The presence of Al does not change the energy
band gap and crystallinity of fiber both of ZnO and
AZQO. The band gap value of AZO ranged from 3.18
to 3.20, while the crystallinity value from 75.53 to
80.18% as shown in Table 2. Meanwhile, the rate of
precursor led to an increase in the value of the band
gap. The size or spacing of the crystal AZO was
calculated by the Debye-Scherrer formula at the
highest peak [13]. Meanwhile, Wiliamson and Hall
explained that the strain (e) on the crystal can cause
changes in the size of the crystal. According fo
Williamson-Hall equations, crystal size and sfrain
relationships can be expressed [14]. On AZO, the fiber
crystal size is also influenced by the rate of precursor
during the process electrospinning. The biggest
crystal size in the fiber AZO precursor occurs at the
rate of 6 uL/min. Due to the existing strain, the crystal
size is also increasing.

Table 2 Band gap, size of crystal, dan cristallinity of ZnO and
AZO fiber

Crystalli-  Crystalline

Rate of . .
Band Cryst ne size- size- .
Precurso . - Strain
. gap dllinit Debye-  Wiliamson (%)
(ul/min) (eV) vy (%) Scherrer -Hall °
v (nm) (nm)
2 AZO 3.18 7453 14.5 30.1 0.314
4 AZO 3.19 7490 18.2 42.0 0.287
6 AZO 3.18  73.65 20.3 47.6 0.265
8 AZO 3.20 80.18 13.9 15.9 0.003

3.2 The Performance of Hybrid Cell

Basically, the hybrid cell is DSSC solar cells which part
of the counter electrode is free to move with the

elasticity obtained from rubber attached behind the
electrode. When it was exposed to light the hybrid
cells function as a solar cells and when the load was
forced the hybrid cell serving as piezoelectric. The
performance of the hybrid cells when is exposed to
light can be seen in Figure 3. While, the performance
of the hybrid cells when is subjected to a load can
be seen in Figure 4 and Figure 5.
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Figure 3 I-V curve of AZO based solar cells
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Figure 4 Measured Voltage of AZO based piezoelectrics
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Figure 5 Output power of AZO based piezoelectrics

The performance of hybrid cell that works as a
AZO-based solar cells was shown by the value of
open circuit voltage, Voc, between 0.465 to 0.486 V
depending on the electrospinning pump discharge.
The greater flow of precursors slightly lowers Voc as
the effect of higher energy band gap on
semiconductor, as shown in Table 3. Furthermore, the
magnitude of Jsc on ZnO-based solar cells is sharply
decreased by increasing the flow rate of



26 Syamsul Hadi et al. / Jurnal Teknologi (Sciences & Engineering) 80:3 (2018) 23-27

electrospining precursors as shown in Table 3. In the
same ared, when the particle size of ZnO becomes
greater the amount of the bond between the
semiconductor particles and a dye molecule
becomes lower. The Jsc value depends on the
anchoring and bonding process between the
semiconductor particles and the dye molecule [24].

Table 3 Performance of hybrid cell as DSSC

Solar Cell
Precursor Flow rate . e
(uL/min) Voc Jse FF  Efficiency
(V) (mA/cm?) (%) (%)

2 0.486 0.767 56.2 0.21

4 0.471 0.806 62.0 0.24
6 0.468 1.147 65.5 0.35

(AICIs+Zn(Ac))
/PVA

8 0.465 0.947 56.2 0.25

Besides, for the hybrid AZO based solar cells, Jsc
value increases by increasing flow rate of precursor
until 6 uL/min and then drops back. The highest Jsc of
AZO is 1.147 mA/cm?2. The value of Js was
determined by small size of fiber and uniformity of
fiber AZO. Uniformity of fiber was marked by the low
t-test values (Table 1) which facilitates the flow of
electrons. The fiber uniformity has become a major
issue in addition to the size of the fiber on fiber
synthesis process by using electrospinning machine
[27].

Furthermore, Table 3 also shows that the Fill Factor
(FF) and the efficiency of AZO based solar cells. The
small size or diameter of AZO fiber effects the
increasing Jsc and the efficiency in the next. The
highest efficiency of hybrid AZO based solar cells of
0.35% was obtained at precursor flow rate of 6
pL/min. The highest efficiency in DSSC with AZO-6
correlates with the grain size of ShO2:F on FTO of 470
nm [28]. Better contact occurs on size of fibers from
129.2 to 1427 nm semiconductor. After the
performance of hybrid cells in converting light energy
into electricity was measured, the performance in
converting mechani-cal energy into electricity was
also counted. The cells which have a capability fo
convert mechanical energy into electricity is called
piezoelectric  nanogenerator  (PNG) and its
performance is shown in Table 4.

Table 4 Performance of hybrid cell as piezoelectric

Flow Pjezoeleciric Nano Generator

Precursor rate
(uL/min) Voc(MmV)  Max Power (nW)

= 2 119 248
&

<< 4 27 32
N >

RS 6 13 04
S .
< 8 14 04

For the AZO based PNG, the highest Voc of 119 mV
with generated power of 24.8 NW was obtained at
the flow rate of 2 uL/min. This Voc value is higher than
the value of Voc in a thin layer of ZnO-PSS/PVA of 10-
100 mV [29]. The highest output power value on the
InO based PNG is also higher than the PZT fibers
based PNG with an output power of 30 nW at 6 MQ
[30]. Voltage and power output of PNG were strongly
influenced by the position of Zn and O atoms in a
hexagonal structure of ZnO, because the changes in
the dipole are formed by the difference in
electronegativity and the position of these two
atoms. On the AZO based PNG, the size of crystal
stfructure was expanded because of strain existence
compared to the size of the crystal without the strain,
as shown in Table 4. The existence of a large strain
makes two atoms in apart position so the generated
voltage is increased. The presence of aluminum
doping in ZnO effects the fiber size to shrink and also
leads to produce low strain so both of voltage and
power output on AZO based PNG are low.

4.0 CONCLUSION

This paper has presented a doping process of
aluminum in the ZnO as a material of hybrid cell of
solar cell (DSSC) and piezoelectric modul which
causes decreasing the synthesed fiber size and
lowering strain that affect to the voltage and output
power. A module of hybrid cell of solar cell (DSSC)
and piezoelectric with fiber (nanofiber)
semiconductor of AZO was also successfully
fabricated using electrospinning engine. The
performance of hybrid cell of DSSC for open circuit
voltage was in the range of 0.421 to 0.507 V. The
highest Jsc value of AZO based DSSC nanofiber was
1.147 mA/cm2. Finally at precursor rate of 2 uL/min
the highest Voc of AZO based PNG of 119 mV and
power output of 24.8 nW was obtained.
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