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Abstract: Solar energy is the most abundaehewable source and a continuc
source of clean energy. Dye sensitized solar cell (DSSC) is the third genera
solar cells and as a new trend in the photovoltaic technology. DSSC had been
studied due to it is low cost and high conversiorcedficy. Zinc Oxide (ZnO) becom
potential candidates as the photovoltaic material in DSSC due to its unique proj
Fluorine doped thin oxide (FTO) had been used to fabricate ZnO thin
Preparatia of ZnO thin film were usingpydrothermal method ithis research. Thi
recipe for prepare the Zinc Oxide (ZnO) solution that used consists of zinc 1
hexahydrate [(Zn(NO3)2.6H20], hexamethylenetetramine (HMTA) [C6H12N4]
deionized (DI) water in this research. The ratio of 1:1 for zinc nitrate dratie and
hexamethylenetetramine. The growth of ZnO were implemented with ve
concentration of ZnO solutigwhich carried out as deposited, 40mM, 60mM, 80r
and 100mM. The dye D149 had been used becauseveélitabsorbanceroperties
for sensitizéion process. Xay Diffraction (XRD) is used to determine the crys
substances Moreover, the surface morphology of ZnO nanostructure is charac
by using field emission scanning electron microscope-JEK!). Besides, sola
simulator act as an arficial sun to test the behavior of solar cell in this resea
Lastly, the sheet resistance and resistivity of ZnO thin film is determined by
two-point probe. The 100mM of ZnO solution concentration aissuitable
concentration to grow the nanorodsttwlarger surface areto obtain a higher
efficiency.

Keywords: Dye Sensitized Solar Ce{DSSC), Zinc Oxide (ZnO), Fluorine doped
thin oxide (FTO)Hydrothermal method.

1. Introduction

I n recent years, there ha sthelineemationa energycresisand t h e
concern regarding the green technology trend. Researches have acknowledged that there is an increase
in demand of renewable energy to substitute fossil fuel. Fossil fuel can generate a million watts of power
and it is aneffective source formed by natural processes. In addition, coal, oil and natural gas also
known as nosrenewable energy that consumed in our daily life which lead to significant environmental
concern such as pollutions and high level of carbon dioxiteeimir [1].
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Dye sensitized solar cells (DSSCs) are the new trends in the photovoltaic technology and proposed
as a lowcost fabrication. The category of third generation photovoltaics was placed as the DSSCs [2].
DSSC has a unigue working mechanisrits p-n junction solar cell and become a practical alternative
in technology of solar cell [1]. In DSSC, sunlight is absorbed by sensitizer which is dye for transforming
solar energy into electrical energy [3]. There were a large number of experiments madljeeted
to DSSC photo electrochemical cells since 1991. The optical absorption and charge separation process
had been separated in DSSC by associating a sensitizer with a wide band gap semiconductor [4].

In the past few years, there is much attentias been given to Zinc Oxide (ZnO) which as a
potential photovoltaic material in DSSCs. It is due to properties of ZnO such as a wide and direct band
gap of 3.37 eV and large exciton binding energy of 60 meV at room temperahashiljh chemical
and plysical stability, low cost price, netoxicity and high electrical conductivity which are the
advantages of the use of ZnO as layers in DSSC. ZnO thin film can be fabricated by various techniques
to produce various nanostructure [5].

2. Experiment

ZnO thin fim had been fabricated by fluorine doped thin oxide (FTO) via hydrothermal method.
The steps of this method are seeding process deposited by zinc acetate dehydrate and methanol and then
prepare ZnO solution by zinc nitrate hexahydrate and hexamethylangtetf HMTA) to form various
concentration. Hydrothermal method is carried out after the ZnO solutiobeespreparel. Before
seed layer process, the cleaning process for FTO substrate was needed by using acetone, ethanol and
deionized water for 1Binutes in ultrasonic cleaner machine. The FTO substrates were ready to be
used for growth process.

2.1 Seeding pocess

The Zinc Oxide (ZnO) seed layers were prepare by using 10mM of zinc acetate dehydrate
[Zn(CHsCOOH).2H20] and 20ml of methanfCH3OH)]. The size of FTO glass substrate is 2.5cm X
1cm, however the size used for this experiment is fixed to 1cm x 1cm. So, the glass with 1.5cm x 1cm
is use to cover the unused place of FTO substrate. Then, the glass is placed on the FTO substrate and
wrapped with white tape. After stirring for 10 minutes, the FTO substrate is placed on the hot plate at
1 0 0 Five drops of solution is drqgedon the selected surface of FTO substrate by using plastic
pipettes dropper. After that, the FTO substrateswasa@ al ed at 100 for 1 hour

2.2 Preparation of ZnO solution

The recipe for prepare the ZnO solution that used consists of zinc nitrate hexahydrate
[(Zn(NO3)2.6H20], hexamethylenetetramine (HMTA) [C6H12N4] and deionized (DI) water. The ratio
of zinc nitrate hexahydrate and hexamethylenetetramine is 1:1. Firstly, 40mM of zinc nitrate
hexahydrate is stirred with 100ml of deionized (DI) water for 10 minutes using the stirrer. Then, by
using different beaker, 40mM of hexamethylenetetramine is stirred with Id@mionized (DI) water
for 10 minutes using the stirreFhen, oth solutionare mixedand then stirred again for another 10
minutes. Next, stirred differences concentration of zinc nitrate hexahydrate and
hexamethylenetetramine which are 60mM, 80mM H0@MM.

2.3 Hydrothermal method

For hydrothermal process, The FTO substrate was placed upward into bottle made liner and the
solution will be put into the bottle carefully. Neiiebottle will be placd into the oven with a constant
temperature of 9 for 3 hours. Noted that the FTO surfae=d to be check by using multimeter and
if there is resistance on that surface, then it is an FTO layer. Since that the FTO glass substrate only
have one FTO surface that allow the growth of the nanorods.
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After the process ended, the bottle will be takeout from the oven and let it cool in the room
temperature for at least two hours. After that, the substrate will be rinsed by using DI water and dried
them. The surface morphology and the structural property of thestmaacture growth on top of FTO
surface will be observed by using FESEM and XRD respectively.

2.4 Study the DSSC performance

The indoline dye D149 has a better performance for an efficient sensitization process with good
absorbing propertid$]. The ZnOthin film placed in a small container and then the dye solution dripped
into the small container until the solution cover the thin film. After that, the ZnO thin film was immersed
in the D149 dye solution for 24 hours to make sure that dye attached surftue.

The photocurrent densipphotovoltage FV) parameters had been assessed by solar simulator with
the range lessthan 1 sun (1@@&cm? . The f i | | factor (FF) and conv
cell were can be calculated by equationgiid (2) respectively.

- o)
00 — (1)
‘D4 000
0D JY
Where, \hax = maximum voltage generated,»l = maximum current generatedo\&= open circuit

voltage, §c= short circuit current, = efficiengy, P = power of incident light, M = mismatch factor, and
S = surface area of film.

- P

3. Results and Discussion

The results and discussiavill focus on the analysis data which collected by the equipment for
characterization of ZnO thin film. There are four éiffint characterization methods which arRay
Diffraction (XRD) Analysis, Field Emission Scanning Electron Microscopy-8&#), TwoPoint
probe IV analysis and Solar Simulator.

3.1 X-Raydiffraction (XRD)

Figure 1 showsthe XRD profiles of the thin film with different concentrations of ZnO solutbn
40mM, 60mM, 80mM and 100mM. The rutile [010], [002] and [011] crystal planes which corresponded
to the diffraction peaks at 31.777, 34.433 and 36.&&bectively are prested by the XRD pattern
from the thin film. The rutile [002] crystal plane is assigned as the preferential growth for the hexagonal
wurtzite structure of ZnO due to the direction with high crystallifty

3.2Field emission scanning electron microscqp{-SEM)

The surface morphology of ZnO thin films are observed by using the Field Emission Scanning
ElectronMicroscopy (FESEM). Figure2, 3 4 and5 (a) to (d) are shown the FEEM images of top
view at 10,000, 25,000, 50,000 and 100,000 magnificatigthsvarious concentration of Zn€blution.
It is obtained fronFigure?2 that samplef 40mM ZnO solution, the width adiameter shows in the
range betwen 28.1nm to 41.3nm. Based offrigure 3 shows that the width of diameter in the range
between 31.7nm to 67rn which is the samplef 60mM ZnO solution. The width of diameter in the
range between 63r8n to 94.3hm fromFigure4 which the samplef 80mM ZnO solution. FoFigure
5 which the ampleof 100mMZn0O solution, it shows the width of the diameter in the range ofr#6.6
to 104nm.
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Figure 1: XRD profiles of the thin film with various concentration of ZnO solution

The highest thickness of the diameter for ZnO nanorod#sreddl as 104nm which shown in Figure
5which is the samplef 100mM ZnO solution. The Figu&which is the samplef 40nm ZnO solution
shows the lowest the thickness of the diameter for ZnO nanorod is observed as 28.1nm. The study shows
that the top end of ZnO nanorods of the FESEM image, the diameter of Zndmmas observed
slightly increase while the concentration of the ZnO solution incigdsEurthermore, the stud]
reported that the incremeirt the length of nanorods as the efficiency of -dgasitized solar cells
increases.

3.3Two-Point probe 4V analysis

TheFigure6 showsdifferent concentrations of the ZnO solution for annealing the safpid¢he
sample of 40mM ZnO solution, the peak value for the current isrtR5The peakcurrentvalue of
60mM ZnO solution is 1.9thA. For the sample of 80mM ZnO solution, the peak value for the current
is 3.3mA. The last sampléhatannealds 100mM of ZnO solutiorwith its peakcurrentvalueis 4.5
mA. The graph shows the highest concentration of ZnO soliitaiis used to anneéthe sample gives
the lowest value of resistivityn contrast the lowest concentration of ZnO solution which is used to
anneal the sample gives the highest value of resistiMity.study shows that the reductmitheZnO
nanorodsliameter will increasthe resistand@]. Table 1 showsasistanceresistivity ancconductivity
with different concentration of ZnO solution

3.4 Solar simulator

Figure 7 shows the J/ curve for samples with different concentration of ZnO solutkor. the
sampleof 100mM ZnO solution it hasthe highest-¥ curve with the highestoltagevalue of 0.64V.
The lowest &V curvecorresponds tdOmM ZnO solution with the lowesbltagevalue of 0.48V. It is
presented that the sample with the concentration of ZnO solutioragactethe value of voltage oV
and current densityschlso increased.

The photovoltaic parameters of each sample with different concentration of the ZnO solution are
analyzed in Table ZAs the concentration of ZnO solution increaseleadsto an improvedefficiency.
The sampl®f 100mM ZnO solution resulted in the highest cell efficieBSSCof 1.73%whereashe
sampleof 40mM ZnO solutiorhasthe lowestefficiency of 0.64%. The study [1] presented tlagthe
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concentration of the Zn®olution increass the current density, Jswill also increase The current
density is determined by the amount of dye (D149) absorbed on the nanorods of ZnO. The study shows
that the highest value of current density was expected for the nanorotie hedj¢st surface area [9].
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Figure 2: FE-SEM image of nanorods of ZnO grown on FTO substrate in concentration of 40mM of ZnO
solution. (a) top view at 10,000 magnification, (b) top view at 25,000 magnification, (c) top view at 50,000
magnification, (d) top view at 100,000 magnification

Figure 3: FE-SEM image of nanorods of ZnO grown on FTO substrate in concentration of 60mM of ZnO
solution. (a) topview at 10,000 magnification, (b) top view at 25,000 magnification, (c) top view at 50,000
magnification, (d) top view at 100,000 magnification
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Figure 4: FE-SEM image of nanorods of ZnOgrown on FTO substrate in concentration of 80mM of ZnO
solution. (a) top view at 10,000 magnification, (b) top view at 25,000 magnification, (c) top view at 50,000
magnification, (d) top view at 100,000 magnification
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Figure 5: FE-SEM image of nanorods of ZnO grown on FTO substrate in concentration of 100mM of
ZnO solution. (a) top view at 10,000 magnification, (b) top view at 25,000 magnification, (c) top view at
50,000 magnification, (d) top view at 100,000 magnification
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Figure 6: -V graph of ZnO with various concentration of the ZnO solution

Table 1: Resistanceresistivity and conductivity with different concentration of ZnO solution

. _ Resistance, Resistivity, Conductiv3ity,
Concentration of ZnO solution 3 3

R (YY) Z(Ycm) a(S/cm)
40mM 531.07 531.07 1.88 p 1
60mM 552.94 552.94 180 p 1
80mM 318.64 318.64 314 pm
100mM 227.60 227.60 439 pm

All of sample —— 100mM

8 — 80mM

——— 60mM

——40mM

sC
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Figure 7: J-V curve of the DSSC of sample with various concentration of ZnO solution
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Table 2: Photovoltaic properties of DSSC with different concentration of ZnO solution

Concentration of ZnO Jsa . Efficiency
solution Vo, (V) I'se, (A) (mAJcm?) Fill Factor (%)
40mM 0.48 0.00078 3.12 42.63 0.64
60mM 0.51 0.00083 3.32 42.56 0.72
80mM 0.59 0.00083 3.31 44.59 0.88
100mM 0.64 0.00161 6.46 42.21 1.73

4. Conclusion

In a nutshell, this research is concluded thac Oxide (ZnO) thin film had deposited on the
fluorine doped tin oxide (FTO) with various concentration of ZnO solution. The hydrothermal method
is used to deposit the ZnO thin film. From result part of XRD, the profiles of ZnO thin film are shown
in the rutile which corresponded to the diffraction peaks. From the observation of nanorods, when the
concentration of ZnO solution increased the diameter of nanorods ZnO are increased. The efficiency of
dye-sensitized solar cells will increase while the thiess of nanorods increased.

Furthermore, the characterization of ZnO thin film through-pemt probe had showits
resistivity increasingthe concentration of ZnO solution decreased. Howetgeconductivity of ZnO
increases whetie concentration of Zb solutionis increasedResuls from solar simulatofound that
100mM of ZnO solution ishe mostsuitable concentration to grow the nanorods with larger surface
areato obtain the higher efficiency.
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