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ABSTRACT-This research focusses on the
performence of solid-state dye-sensitized solar cell by

varying the molar concentration of CuI thin film as hole

conductor. Nanoporous semiconductor TiO2 acted as n-
type in solid-state dye-sensitized solar cell which is
deposited with dye to absorb the light The correlation

between thicknesr ofthe thin lilm and the efiiciency of
solar cell was investigated. The incomplete pores filling
of TiO2 teads to the bed efliciency due to the increase in
recombination and series resistance in solar cell. Thus,
mister rtomizer method was used to increase the pores

Iilling of TiO2. The result shows the thickness of thin
film and perticle size of CUI increase as the molar
concentration increases. The efficiency of solid-state

DSSC is strongly related to the thickness thin film,
Iilling fraction of TiOz, and the photon absorption of
dye.
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L INTRODUCTION

Recently, dye-sensitized solar cells (DSSC) have
received intemational research focus on their high
power conversion efficiency and low-cost [-2]. By
using liquid elecrolyte it can reach the efficiency
around ll.5o/o. However, by using liquid based DSSC
have occurred some problems such as potential
leakage, low stability, solvent evaporation and
reaction of the sealant with the electrolyte [3-4].
These problems have sparked research in solid-state
dye-sensitized solar cell which has solid-state holes
transport material by utilizing p-type semiconductor
to improve the long time stability of the cell. Bandara
et.al was using CuI as hole conductor in their
research and reported that the efficiency are 0.l2Yo
for dense TiO2 layer while for dense TiO2 layer
coated with porous TiO2 layer, the efficiency are

1.74%lsl.

The copper compound such as CuI, CuBr, and
CUSCN was found suitable to be used in solid-state
solution t6]. In this present study, Copper (I) Iodide
(CuI) is used as p-type hole conductor. CuI is a p-

type high bandgap material of 3.1eV which belongs
to group I-VII semiconductors [7] that support of
choosing CuI as p-type hole transport materials in
solid-state dye-sensitize solar cell. CuI exists in three
crystalline phases of cL p, and y. The high
temperature (above 392"C) o-phase ofcubic structure
is a mix conductor, where the charge carrien is
predominantly Cu2* ions [S]. The main problem in
solid-state DSSC is this cell suffers a bad contact
between the dyed TiO2 porous film surface and the p-
type semiconductor which is CuI [7].

The basic element of dye-sensitized solar cell is
a nanostructured mateial, composed of porous layer
of titanium dioxide (TiO2) and covered with
molecular dye that can absorb sunlight. In recent
yems, TiO2 has been extensively studied due to their
potential applications in a wide range of fields such
as solar cell, gas sensors and dielectric capacitors [9].
TiO2 is preferred material since it has high
photocatalytic activity and having a high bandgap of
3.2eV which lies in the near UV region (388nm) [0].
However, TiOz has a weakness structure which is the
random porous structure. This weakness leads to the
undesired characteristic such as low conductivity and
charge density that may be caused by the incomplete
filling of the porous TiOz film.

The technolory ofdeposifion techniques such as

spin coating and solution casting are not suited well
enough since it cannot solve the problems of pore
filling of TiO2 network [7]. M.N Amalina et al.
studied the technique to fulfill the porous structure of
TiOz by using mister atomizer method. The result has

shown that the CUI thin film is successfully grown by
using the mister atomizer method at different
precursor concentration. Thus, in this present study,
mister atomizer method was used to overcome the
bad contact between porous structure of TiOz and
CuI. This technique is the same concept of spray
pyrolysis which used atomizer to convert the liquid
into the form of mist.
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In this present study, the different precursor
concentration from 0.01M to 0.09M was studied to
investigate the performance of solar cell in terrn of
efficiency and the filling of pores TiOz structure. The
obtain result regarding I-V curve, incident photon
conversion efficiency (IPCE), thickness of thin film,
surface morpholory, and element arrangement in thin
film were discussed.

il, EXPERIMENT PROCEDURE

The ITO coated glass is used as a substrate in
solid-state DSSC. The ITO was cleaned with acetone,
and followed with methanol and finally de-ionized
water for 30 minutes each. All stages were put in
ultra sonic cleaner and after that, the cleaned
substrate was blown quickly by Argon to ensure that
the remaining particles were removed. The next step

is the preparation of Titanium Dioxide (TiO2) paste.

99.70 TiO2 nano powder were added with Absolute
Ethanol and stirred for half an hour and then added
with 99.99o/o TTIP. After 2 hours, PEG20000 was
added into paste and sonicate the paste for 30 minutes
and stirred for 24 hours. After being stirred for 24
hours, TiO2 paste were deposited onto ITO coated
glass by using spin coating technique at 500rpm for
15 seconds and followed by 45 seconds at 2000rpm.
The frst layer was dried at room temperahtre before
proceed to the second layer. After second layer was
done, the thin film was baked at 4500C for I hour to
make sure the thin fikn was dried and solid thus easy

for dye absorption. Then the samples were immersed
into the dye solutions for 24 hours. In this research,
0.05mM of dye N3 was used and mixed with
Absolute Ethanol. Copper (t) Iodide (CuI) powder
was used to mix with Acetonitrille at room
temperature as preparation of CuI solution. The
solutions were stirred for 3 hours before deposited
onto TiO2layer. The parameters investigated in this
present research work are the molar concentration of
CuI from 0.01M, 0.03M,0.05M, 0.07M, and 0.09M.
The molarity can be calculated by using following
equation (l):

Molartty = *ffi XVolume (l)

This solufion was then sprayed in fine droplets
using argon as a carrier gas and all the samples were
sprayed in l00ml CuI solutions. The substrate
temperature during the depositions was between 700C

to 800C. The last step is cell assembly. The dyed TiO2
deposited with CUI solution substrate and counter
electrode with Pt coating substrate are attached
together and sealed with sealant at temperature
between 80oc to 900C.

The solar cell has been characterizedby current-
voltage measurement by using solar simulator (CEP
2000) at the range voltage between -0.Iv to 0.7v. The
area solar cell under illumination is 0.28cm2. Pt was
used as metal contacts for I-V measurement and
deposited using sputter coater @MITECH K550X).
The IPCE were charactenzed by CEP 2000. The
wavelength for IPCE measurement was measured

between 300nm - 800nm. The surface morphology of
the films was observed witJr a field emission
scanning electron microscope (JEOL JSM- J600F).
The thickness of the thin fihn is characterized using
surface profiler (VEECO DEKTAK 150). The EDS
was msasured using OXFORD Instrument (X-MAX)
attached with FESEM machine. All of the
measurements were done in room ambient.

m. DISCUSSION

A. Structure Properties of TiOy'Dye/CuI Thin Film

The thickness of thin film was measured using
surface profiler (VEECO DEKTAK 150). The
optimum thickness is important to investigate in
solid-state DSSC because it will contribute to the
Voc and Jsc which reflect the efficiency of solar cell
[11]. From the Table 1, the thickness of TiO2 thin
film is 2.60177m.0.01M gives the lowest reading of
thickness thin film which is 4387.61nm and the
highest thickness is 10.16025um at 0.09M
concentration.

l: thickness of thin film

Table l: Thickness of thin film at

From the results shown in Table 2, the thickness
thin film is around 4.3um to 4.8um through 0.01M to
0.05M concentration. At 0.07M, the thickness of thin

Thinfrlm Thickness (um)

2.60177Tio,

Concentration (M) Thickness (um)

4.387610.01

4.658730.03

4.850750.05

5.675070.07

0.09 10.16025

'r
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film is 5.67507um and the thickness is sharply
increased at 0.09M. The thicker thin film can
increase the resistivity of solar cell due to the less

electnon movement across the thick layer I l].
Moreover, a thicker thin film also affects the
effrciency due to series resistance and incident
photon absorption [2]. It is confirm that, as the

Surface morpholory 6f thin fitn was measured using
FESEM JEOL (JSM-7600F). All the measwements
were taken at 5kV with 50000 magnifications. The
porous size distribution of TiO2 is varied in the range
86.3nm to2l2nm. Figure 1(b) shows the particle size
of Cul is around 50nm to 80nm. FESEM image in
Figure 1(c) shows the surface was the densest and
uniforrn continuous path compare with Figure l@).
The prticle size also increase which is around 80nm
to l00nm r1d samo with 0.05M which is the particle
size is around 50nm to 100nm. At 0.07M and 0.09M,

solution concentration increases, the amount of CuI
particles that involves in forming the deposited film
increases which lead to the increasing in the film
thickness [3]. Besides that, increasing the solution
concentration can increase the crystallite size tlat can
cause the increase in thin fikn thickness [4].

the particle size of CuI becomes bigger than porous

size of TiO2. The particle size of CuI increases as the
molar concentration increases. The result from the
FESEM images shows the porous structure of TiO2
is less as the molar concentration is higher. This
shows that the CuI thin film is successfully grown by
using mister atomiznr method at different precursor
concentration.

Figure t: FESEM image of (a) porous TiOz thin filrn, (b) 0.0llv{, (c) 0.031vI, (d) 0.05M, (e) 0.07M, (0 0.09M

d
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Figure 2: (a) FESEM image of cross sectional ofthin film, the EDS specfia of 0.01M d O) top layer, (c) middle layer, (d) bottom layer

The EDS spectra was taken from cross section of
thin film. The spectrum was measured using
OXFORD Instrument (X-MAX) attached with
FESEM machine. The main reason EDS ware taken

is to investigate the element arrangement in the thin
fitm. Figure 2 shows the EDS specra for 0.01M
concentration. The main element found in EDS is
Titanium (Ti), Oxygen (O) and Iodine (I). The EDS

spectra shows the element arrangement of CuI has in
three spectrums which is spectum I is top layer as

shows in Figure 2(b), spectrum 2 is in the middle
layer (Figure 2(c)), and spectrum 3(Figure 2(d)) is

bottom layer of thin film. The EDS spectra show that
element CuI is successfully filled the porous structure

of TiO2 by using mister atomizer method. The pore

filling is importance to investigate because it relates

to the efficiency of solid-state DSSC which is the

efficiency of solar cell increased with increasing
filling fraction [5].

B. Electrical Properties

The graph of I-V solar cell in Figure 3 is from
0.01M, 0.03M, 0.05M, 0.07M, and 0.09M
concentration. Current-voltage Q-V) characteristics
were measured using solar simulator (CEP 2000)
from -0. I V to 0.7V under dark and illumination.

Table 2 show the I-V characteristic of solid-state
dye-sensitized solar cell. The efficiency of solar cell
can be calculated by using following equation (2):

,l= ryX1oo7o (2)

Where Pin is incident light power, Jmpp is current in
I-V curve respective to the point of maximum power
output, and Vmpp is voltage in I-V curve respective

to the point of maximum power output.

(l-V) curve solid+tate
solar cell under illumindion

Table 2: I-V characteristic ofsolar cell a difrerent molar
conc€nfation
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(m,C/cml
Voc (V)

Fill Factor

(FF)
Efficiency (n)

0.01 1.78/;077 0.646157 0.476279 0.549052

0.03 2.145305 0.638088 0.544369 0.745185

0.05 3.510622 0.650209 0.45132 1.053028

0.07 1.598393 0.363711 0.t57756 0.103627

0.09 0.745999 0.255242 0.231464 0.044073
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4: Efficiency of solr cell at

Figure 4 shows 0.05 molar concentration of CuI
has the highest efficiency among to the others molar
concentztion which is above lYo. This result related
to the particle size of CUI which is smaller than
porou size of TiO2 surhce structure. The FESEM
image of 0.05M support to the best result in term of
efficiency which is the porous structure of thin film is

less compared to 0.01M. The photon absorption of
dye also gives the impact to the efficiency which is
the higher absorption of dye gives the higher
efficiency due to more photons are absorbed near the
surface of the CUI films and thus the electron
collections are more efiicient [15]. Increasing the
molar concentration in CuI solution can improve the
effrciency of solid-state solar cell as shows in Figure
4 from 0.01M to 0.05M. However, the thickness of
thin film also become thicker and makes the
efficiency of solar cell becomes lower. At 0.07M
concentration to 0.09M concentration, the efficiency
of solar cell becomes lower. This factor contributed
to the thickness reported earlier. Moreover, the

incomplete pores filling because of the bigger particle
sizes of CuI also causes an increase in recombination
and series resistance and limits the number of dye
molecules that can transfer holes in solid-state DSSC

u4l.

Internal photon to conversion effrciency (IPCE)
of the solar cell with wavelength between 300nm to
800nm was measured. The result of IPCE is shown in
Figure 5. The gaph in Figure 5 shows it had rwo
humps. The first hump is the photon absorption of
TiOz while the second hump is photon absorption of
dye. The wavelength of TiO2 photon absorption is
between 30fum to 450nm and the maximum
wavelength photon absorption of dye is 550nm. IPCE
is conversion ofphoton absorption to electric current

[7]. At high photon absorption, the thickness of thin
film is smaller as shown in Table l. The lowest
absorption photon at 0.09M concentration has the

highest thickness of thin film which leads to the
lower ef;Eciency that has been discussed. These
results contributed to the absorption properties where
thicker thin films shows less absorption due to the
difficulty of electron movements resulting in high
resistivity in thicker thin films [0]. Thus, the result
of IPCE are closely related with efficiency of solar
cell which is the efficiency is higher when IPCE
higher [16].

016

0 1,0

o.12

0

14

o
6
Eo
TU

om

o6
0-04

om

4.@.

-o.04

4(5

$O ,(P 5(D dtr 7U

waEl€ngth (nm)

Figure 5: IPCE of solar cell, 0.01M, 0.03M, 0.05M, 0.07M, and
0.09M.

Iv. CONCLUSIONS

Solid-state DSSC characteristics were
investigated at different precursor concentration. The
current-voltage of solid-state dye-sensitize solar cell
were investigated by using two point probe I-V
measurement. The I-V curve shows the highest
efficiency at 0.05M and the lowest efficiency at
0.09M. Increasing molar concentration of CuI gives
good efficiency of solar cell due to the filling porous

structure of TiOz but at the same time increase the

thickness of thin film which leads to the poor
efficiency because of the less electron movement in
the thicker filrn. The thickness of thin film is related

to the solar cell performance which is thicker film
leads to the low efficiency of solar cell. Poor filling
of CuI into the porous TiO2 structure also leads to the
worse perforrnance of solar cell due to the bad
contact between n-type and ptype semiconductor.
Increasing the filling fraction may slow the
recombination by increasing the separation distance
between holes in CuI and electrons in TiO, [4]
which can increase the efficiency of solar cell.
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