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ABSTRACT

In this paper, we synthesized ZnO nanowires in dye sensitized solar cells. The nanowires
have been fabricated using fast-microwave-hydrothermal process.We verify the effects of different
lengths of ZnO nanowires on efficiency and absorptionofdye sensitized solar cells. J-V curves of
the fabricated ZnO nanowire-based mercurochrome-sensitized solar cells indicated that the short-
circuit current density would increase with increasing the length of nanowires.We also fabricate more
efficient N719-sensitized solar cellsand investigate the effect of different length of Zno nanowires on

the efficiency.
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INTRODUCTION

Third generation of solar cells is thin-film
dye-sensitized with different layers on a substrate
like a glass.Among different types of thin—film solar
cells,because of their higher efficiency per production
cost ratio compared to the other types of solar cells,
dye-sensitized solar cells(DSSC) have been of great
interest, recently’5. Most current researches in the
field of dye-sensitized solar cells are on the light-
absorbing of dye, improvement of stability of solar
cell by replacing the electrolyte liquid cells with solid
polymer ionic and electron transport in solar cell by
high band gap semiconductors.The solutions seeking
to increase the absorption surface,improve electron
transfer and reduce electron recombinations”.

In recent years,due to their unique optical,
chemical, electrical and piezoelectric properties,
ZnO nano structures have become very common
in semiconductor devices®'*. ZnO nano wires in
a dye-sensitized solar cell create a direct electron
path way which leads to an increase in electron
diffusion length and life time.Several methods such
as vapor-liquid—solid, metal-organic chemical
vapor deposition and thermal evaporation®'” have
been introduced in order to grow a high quality ZnO
nanostructure array at high temperatures. To make
the growth process of ZnO nanostructures more
energy efficient and cost-effective, the temperature
of process should be reduced. Therefore, solution-
based methods with the goal of low-cost ZnO
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nanostructure growth at low temperatures have been
developed recently® 89, Solution-based methods
include a process called hydrothermal®. Microwave-
assisted hydrothermal method with the aim of rapid
heating of the solution and thereby reducing the time
needed for reaching the crystallization temperature
in the growth environment has been tested and looks
to be successful'®2°. A promising way to improve the
efficiency of DSSC is increasing the life time and
diffusion length of electron by using of high band
gap semiconductor arrays'®2°. In our investigation we
fabricated long and vertically aligned Zno nanowire
arrays to use in DSSC.

Fabrication Zno nanowire

Hydrothermalprocess consists of two parts.
One is seeding a layer on a substrate and another
growth of Zno nanowire, our proposed method, like
in most of the other methods. Seed layer is the main
part that affects the length and size of Zno nanowire:
24 In this research spin coating method was selected.
Figure 1 indicates the schematic of seeding layer
on glass substrate by spin-coating method. Before
seeding layer on substrate, it is essential to clean it
by deionized water and acetone.

Deposition solution containinga 5 mM
solution of zincacetate dihydrate in acetone made
at room temperature. To have uniform seed layer,
speed of 2000 rpm for 60 s in spin-coating method
was selected and was repeated five times and then
substrates were annealed in air at 350 °C for 20 min
to decomposition of zinc acetate.

The ZnO nanowires were grown in a
solution including 25 mM zinc nitrate hexahydrate,
12.5mM hexamethylenetetramine,5 mMpolyethy
lenimine and 0.8 M ammonium hydroxideinto 200
ml deionized water. Afterwardthewhole system was
heated by microwave oven for different power levels
and different time.

Design of dye-sensitized solar cells

Several lengths of Zno nanowire on an
ITO- glass substrate were fabricated by proposed
method which described in pervious section.array
of Zno nanowire should be calcined at 450°C for 1
hour because this action lead to improvement of dye
absorption onto the array surface of ZnO nanowire
and finally improvement of efficiency of DSSC.Figure
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2 indicate the schematic of dye sensitized solar cell
manufacture process.

Fabrication DSSCs process consist of
seeding layer of zinc oxide on selective space of
glass substrate which indicated on Figure 2-1, Figure
2-2 and Figure 2-4, then growth of Zno nanowire
depicted on Figure 2-5 and Figure 2-6. The counter
electrode was prepared by spin coating method. A few
drops of a 10 mM solution of hexachloroplatinic acid
hexahydrate (H,PtCl.. 6H,0)in ethanol,dispensed on
the conductive side of another ITO substrate which
is shown in Figure.2-7. The substrate was then
annealed at 450°C for 30 min. An insulation between
the sensitized electrode and the platinized counter
electrode is required which here a 50 ym thick hot
melted double-layer para filmis used. The electrolyte
solution injected into the cell is0.3 M lithium iodide
and 0.03 M iodine in acetonitrile as electrolyte
solution.

The morphology of ZnO nanowire was
characterized by SEM. Because the main goal of
this paper is studying the effect of length of Zno
nanowire on efficiency of solar cells, some cells by
different length of ZnO nanowires were fabricated
and characterized.

RESULTS AND DISCUSSION

Figure 3-1 indicates SEM image of Zno
nanowire on glass substrate with a seed layer
which seeding layer done by spin coating method.
In most of the methods based on the hydrothermal
process, seeding of the substrate surface before
the growth of the nanowire is essential. Figure 3-2
showsZno nanowire grown on glass substrate that
were seeded a layer twice by repeating spin coating
method. By comparing the Figures repeating spin
coating method cause uniform and narrow diameter
distribution of Zno nanowires. In addition, nanowires
are well aligned because of the increased seed layer
thickness. Therefore, seeding the substrate twice
using the spin-coating method seems to be the
optimum approach for hydrothermal process.

Figure 4 shows the SEM images of the
longest possible ZnO nanowire arrays grown using
the proposed method at different microwave power
levels. The increase of the growth rateand the
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Table 1:Summary of the performance results for
ZnO nanowire DSSCs based on mercurochrome

Length of Zno oo Vo (V) FF n (%)
nanowire arrays (um) (mA/cm?)
9 3.15 0.40 0.34 0.43
11 4.59 0.44 0.37 0.75
13 4.96 0.43 0.37 0.79
16 3.98 0.46 0.34 0.62
Table 2: Summary of the performance results
for ZnO nanowire DSSCs based on N719
Length of Zno Joe Vo (V) FF n (%)
nanowire arrays (pm) (mA/cm?)
13.49 0.57 0.57 4.47
13 18.10 0.62 0.58 6.5

aspect ratio enhancement of the ZnO nanowires
by increasing the microwave power level are clearly
visible in this Figure. Cross-sectional SEM images
revealed that the power level is proportional to
the growth rate of the nanowires, which means
increasing the power lengthens the nanowire arrays
and reduces the growth process time.

We should reduce diameters and increment
length of Zno nanowire to achievelarge internal
surface area of the ZnO nanostructure in a highly
effective agent to improve the separation of electrical
charges in semiconductor devices?®. In conventional
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Fig. 1: Schematic of seeding layer on
ITO-glass substrate by spin-coating method

hydrothermal method we cannot achieve such
structure. So, according other research ammonium
hydroxide and polyethylenimine (PEI) can beadded
to the growth solution to obtaining high aspect
ratio®. Long length and small diameter of the ZnO
nanowires is clearly indicated in Fig. 4.

During this investigation, Average length
of Zno nanowires grown using different microwave
power levels were considered. Figure 5 shows the
average longitudinal growth ofZnO nanowires versus
growth process time for our method at different
microwave power levels. At growth times more
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Fig. 2: Schematic of dye sensitized
solar cell manufacture process
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than 10 min, for low microwave power levels, the
longitudinal growth of ZnO nanowire continued its
rising trend by increasing the process time and also
this condition is the same when higher power level
is applied.

By comparing result of Figure 5 to other
method like preferential?* and rapid microwave
assisted method?® clearly demonstrate the advantage
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of this method and also obviously indicated that this
method has a higher growth rate even at low power
levels.

For fabrication of DSSC, mercurochrome
was used for sensitization of ZnO nanowires,
because itis much cheaper than the Ru-based dyes
and also proved to have better performance than
the Ru-based N3 dye forZnO nanowire-based solar

Fig. 3: SEM image of Zno nanowire arrays grown using substrate
seeding method: (1) spin coating (2) twice-performed spin coating
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Fig. 4: SEM images of the longest ZnO nanowires grown at different microwave power levels: (1)
180W 80 min (2) 450 W 50 min (3) 850 W 30 min, without any growth solution refreshment
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cells DSSCs?. For more investigation on efficiency
and effect of length, N719 for sensitization of Zno
nanowire was used.

Average length (um)
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Fig. 5: Average length of nanowires grown
using different microwave power levels
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Fig. 6: Current density—voltage characteristics
ofmercurochrome-sensitized ZnO nanowire
DSSCs with different nanowire lengths
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Fig. 7: Current density-voltage characteristics
of N719 -sensitized ZnO nanowire DSSCs
with different nanowire lengths

Table 1 show the summary of resultsfor
short-circuits current density (JSC), open-circuit
voltage(VOC), fill factor (FF) and power conversion
efficiency (n) for mercurochrome-sensitized solar
cell. And for more realization J-V of DSSC for
different sample is shown in figure 6.The results of
performance of DSSCs indicated that the efficiency
of the DSSC is a function of increases length of
the nanowire. Increment of length of Zno nanowire
cause increase absorption dye on surface Zno
nanowire and so increase efficiency of DSSC. A
maximum efficiency of 0.79% was achieved in a
DSSC prepared by a13um long nanowire array, with
short-circuit current density of 4.96 mA/ cm?, open-
circuit voltage of 0.43 V and fill factor of 0.37.

By comparing minimum and maximum
efficiency the improvement in short-circuit current
density is much larger than the open-circuit voltage
is observed. So, efficiency of the cells seems to be
mainly attributed to the increased short-circuit current
density. Internal surface area of cell increased by
increment of the length of Znonanowire array, which
leads to the improved dye loading and it isthe main
reason for the short-circuit current density increase
and, as a result, the power conversion efficiency
enhancement

It should be noted that the efficiency of
N719-sensitized DSSCs is still much higher than
that of mercurochrome-sensitized ZnO nanowire
DSSCs.short-circuit current density of this cell is
higher but the ratio of efficiency is about same.
The reason of high efficiency could be the wider
absorbance spectrum of the N719 dye than that of
the mercurochromeand larger internal surface area
for dye adsorption and to more efficiency of DSSC.
Tables 2 show the summary of results for N719
-sensitized solar cell which indicate high efficiency.
But changes of efficiency in the two cases are
almost identical. And also figure 7 show photocurrent
density versus voltage of N719 -sensitized solar
cell. As expected, short current density is increased
due to increment ofinternal surface area and dye
adsorption.

CONCLUSION

In this research, we fabricated vertically
aligned Zno nanowire arrays by microwave
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hydrothermal process used for manufacturing dye
sensitized solar cells. We grew several length of
Zno nanowire by proposed method which has a
higher growth rate in comparison with the other fast
method and low power level. Experimental results
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