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ABSTRACT In this work, p-type poly (3-hexylthiophene-2,5-diyl) (P3HT) and n-type nano-anatasetitanium dioxide (TiO2) 
structure have been various photovoltaic (PV) devices onto indium tin oxide (ITO) coated glass substrates and 

silicon. These films were deposited by spin coatingat 2000 rpm. X-ray diffraction (XRD) patterns confirmed that polycrys-
talline TiO2  anatase phase formation. The optical properties of Solar Cell under the effect of the light equivalent to that 
of the sun radiation on the sample were studied. The highest Voc and power conversion efficiency were 0.45V and 0.23% 
fabricated with 550 oC respectively.

1. Introduction
Organic solar cells have attracted great attention due to 
the advantages of light weight, flexibility and low cost with 
the possibility of fabricating large area device by cheaper 
liquid based process. However, the power conversion of or-
ganic solar cells is limited by the low dissociation probabil-
ity of excitons and inefficient hopping carrier transport [1]. 
Therefore, improving the performance of the solar cells has 
been resolved in building bilayer and bulk heterojunction 
structure with phase separation between the polymer and 
inorganicnano materials, such as TiO2 nanocrystals.Titanium 
dioxide (TiO2) has attracted considerable attention for its 
potential applicationsinoptical components including solar 
cell, photocatalysis , chemical sensors , and optical filters 
[2-5] . 

The material can be formulated as nano films by using 
a variety of techniques such as pulsed laser deposition 
(PLD) [6-8], chemical vapour deposition (CVD) [9-10], 
and sol-gel coating [11-12]. TiO2 has three main crystal 
phases (antatase, rutile, and brookite ). Among these 
phases, anatasephase , which is a meta-stable phase, 
is also chemically and optically active and suitable for 
photocatalyst [13]. In dye-sensitized solar cells, photo-
electrodes prepared using anatase phase TiO2 gives 
better solar cell efficiency compared to the other crys-
tal structures. Optical properties of TiO2 include a wide 
band gap, high transparency in the visible spectrum 
and a high refractive index over a wide spectral range 
(from ultraviolet (UV) to the far infrared (IR)). Nanocrys-
tallinetitania TiO2 is also a promising semiconductor 
for applications based on its photoconductivity. The 
reported optical gap of TiO2 is in the range of 3-3.7 
eV corresponding to the ultraviolet region of the solar 
spectrum [14].

In the present study we report on the synthesis and char-
acterization of nanocrystalline TiO2 and influences of heat 
treatment on structural and electronic transition of na-
nocrystalline titanium dioxide films prepared by sol-gel 
spin coating. It can be shown, that these films are suit-
able for applications in polymer optoelectronic devices. 
One of the most important techniques is spectroscopic 
ellipsometry, which has been found favourably for non-
destructive, characterization of thin solid films and bulk 
materials, especially semiconductors. This technique is of 
high sensitivity, high accuracy, of being able to easily in 
situ measure both optical constant and thickness simul-
taneously [15].

2. Experimental
Nanocrystalline like structured TiO2 films have been 
prepared by sol-gel spin coating method using a stand-
ard photoresist spinner (Model 4000 Electronic Micro 
System). the gel was spin coated on Si and a cleaned 
ITO-glass substrates at 2000 rpm for nano films of TiO2 
prepared from Titanium Isopropoxide (TIP) of chemical 
construction (C12H28O4Ti) of purity (99.99%), also from 
(Acetic Acid) (CH3COOH) of purity (99.5%), and also 
from (Ethanol) (C2H5OH) with purity of (99.7%). These 
materials were prepared of (Aldrich Chemicals Com-
pany). These films have been characterized by XRD, 
and Spectroscopic Ellipsometry were investigated on 
TiO2 films spin coated onto silicon substrates using a 
Woolam M-2000V that rotated compensator spectro-
scopic Ellipsometry in the wavelength of range from 
370-1000 nm. The fixed degree of the angle of inci-
dence was 70º.The thickness of the TiO2 film and P3HT 
were found to be approximately 70 nm and 95 nm 
respectively. The surface morphology was examined 
by atomic force microscopy (AFM-Digital Instruments 
Nano Scope). The optical absorbance and transmit-
tance measurements were made on TiO2 nano films by 
UV-VIS spectrophotometer at a normal incident of light 
in the wavelength range of 320-900 nm. After coating, 
the sol-coated glass substrate was immediately placed 
in a preheated oven. A furnace type, (CAUTION) was 
used in this work which has a temperature range of (25-
1000 ºC). A solution of the p-type organic semiconduc-
tor P3HT (Aldrich) in chloroform (20 mg ml.-1) was pre-
pared by spin coating method at 1500 rpm. The device 
was completed by evaporating a 4x5 matrix of 60 nm 
thick, circular gold electrodes onto the P3HT.Chemical 
formula of P3HT and schematic demonstration of (ITO/
TiO2/P3HT/Au) are given in Fig. (1).

I-V measurement is used to obtain information on the 
photovoltaic and electrical properties of the fully fab-
ricated devices. A Keithly 280 programmable voltage 
source and a Keithly 619 Electrometer/ Multimeter were 
used for I-V measurements. It is contained in a box and 
has a solar simulator in which solar cell I-V characteris-
tics were obtained. A 250 W tungsten-halogen source 
was illuminated and adjusted to give 100 mW cm-2. A 
standard Si-solar cell was used as a reference for cali-
bration. A general purpose interface board (GPIB) link 
attached to the system which was under computer con-
trol collected and stored the relevant I-V characteristics 
automatically.
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Figure 1 : schematic demonstration of (ITO/TiO2/P3HT/
Au) bilayer PVdevice (a) and Chemical formula of P3HT (b).

3. Results and Discussion
X-ray diffraction patterns of the TiO2 nano films have been 
shown in Fig. (2) at temperature 550oC.It is obvious that the 
film is polycrystalline. The structure of TiO2 in XRD investiga-
tion is anatase titanium dioxide, which agrees with (ASTM 
data 01-071-1166) card [16]. 

Figure 2 : XRD patterns of TiO2 films grown on ITO- glass 
substrates at heat treatment temperature 550°C(* for 
substrate).

Fig. (3-5) shows AFM images of the pure nanoanataseTi-
O2films heated at different temperatures. We observed that 
the particle size increased with the increasing heat treatment 
temperature. The RMS surface roughness of the nanoanatase 
TiO2 films was determined to be (0.161, 0.223, 0.552, 0.810 
and 1.494 nm) and the particles size are found to be (2.184, 
2.378, 4.534, 5.125 and 8.336 nm) for the 250, 350, 450, 550 
and 650 oC heat treatment temperature values respectively.

 

Figure 3 : Two and three-dimensional AFM images of TiO2 
films at heat treatment temperature 250°C.
 

Figure 4 : Two and three-dimensional AFM images of TiO2 
films at heat treatment temperature 550°C.

 

Figure 5 : Two and three-dimensional AFM images of TiO2 
films at heat treatment temperature 650°C

Absorption spectra of pure nanoanatase TiO2 films were ana-
lysed using a UV-VIS spectrophotometer, as shown in Fig. (6). 
When the heat treatment temperature of the films increased, 
the absorptance is also increased.

Figure 6 : Absorption spectra of TiO2 films with different 
heat treatment heat treatment.

Absorption spectra of pure P3HT films were analysed using a 
UV-VIS spectrophotometer, as shown in Fig. (7). 

Figure 7: Absorption spectra of P3HT films
The uv-vis spectrophotometer of P3HT film absorbs from 
about 350 nm to 650 nm, thus the TiO2

layer has the potential to extend the spectral response of 
P3HT-based solar cells. Moreover, the

TiO2 layer can protect the polymer over layer from photo-
bleaching by absorbing UV light.

The band gap energy calculated by Spectrophotometric data 
using following equation [17].

ahu = B (hu – Eg )
n .............................. (1)

where α is the absorption coefficient, hν is the photon en-
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ergy in eV, Eg is the band gap energy in eV, B is constant 
depended on type of material, n =1/2 for the allowed direct 
transition. n =3/2 for the forbidden direct transition. The rela-
tions are drawn between (αhu)2 , (αhu)2/3 and photon energy 
( hu) as shown in Fig.(8) which illustrates allowed direct elec-
tronic transition and Fig.(9) illustrates the forbidden direct 
electronic transition. 

Figure 8: (αhν)2–hν graphs of nanoanatase TiO2 films for 
different heat treatment temperature.

Figure 9 : (αhν)2/3–hν graphs of nanoanatase TiO2 films for 
different heat treatment temperature.

The obtained band gap values are given in table (1).This 
result is in good agreement with earlier studies in which a 
direct optical transition was reported in the range 3.3-3.79 
eV [18-19].

Table 1: direct energy gap for allowed and forbidden di-
rect transition for nanoanatase TiO2 films.

Forbidden direct 
transition
Eg(F)(eV)

Allowed direct 
transition
Eg(A)(eV)

Temperature 
(oC)

3.283.45250

3.393.62350

3.63.68450

3.613.69550

3.623.75650

The band gap energy of TiO2 films changed with different 
particle size, as seen in the AFM results. We observed 
that the particle size of pure nanoanatase TiO2 films in-
creased with increasing band gap energy, as shown in 
Fig. (10).

Figure 10. Band gap energy-particle size graphs of nanoa-
natase TiO2 films for different heat treatment tempera-
ture.

The energy conversion efficiency (η ) can be determined by 
the following equation [20]:

%100%100 ×=×
−
−

=
in

out

P
P

PowerInput
PowerOutputη  

                                                  …………………………..(2)

when (Pin=100mWcm-2) is taken as the solar power incident 
on a unit area, the ratio between 

(IpVp/ IscVoc ) called Fill Factor (F.F.) is a measure power that can 
get it from solar cell. It can be

written in the following form when the current (IP) replaced by 
current density (Jsc).

          ……………………..(3)

where Jp is the maximum current density, Jsc is the Short Cir-
cuit Current density, Vp is the maximum voltage and ocV  is 
the Open Circuit voltage. Thus [21]:

                                                                                ........ (4)

Solar cells are made of P3HT which put on TiO2 at dif-
ferent heat treatment temperature. Figures (11- 15) 
shows the relationship between current and voltage in 
light and dark of photovoltaic devices based on con-
figuration of type ITO/TiO2/P3HT/Au under 100mW/
cm2 and the relevant parameters were summarized in 
Table (2).

Figure 11: Current density-voltage of the Photovoltaic cell 
for TiO2(250oC)/P3HT.
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Figure 12 : Current density-voltage of the Photovoltaic 
cell for TiO2 (350oC)/P3HT.

Figure 13 : Current density-voltage of the Photovoltaic 
cell for TiO2(450oC)/P3HT.

Figure 14 : Current density-voltage of the Photovoltaic 
cell for TiO2(550oC)/P3HT.

Figure 15 : Current density-voltage of the Photovoltaic 
cell for TiO2(650oC)/P3HT.
Table (2) The parameter obtained from the (J-V) character-
istic of (different heat treatment temperature TiO2/P3HT) 
solar cell.

Effi-
ciency
(%)

FF
Pmax

(mW/
cm2)

Jp

(mA/cm2)

Vp

(Volt)

Jsc

(mA/cm2)

Voc

(volt)

Tem-
pera-
ture
T (oC)

0.0290.23290.380.0780.440.29250

0.0430.343.60.370.1180.580.25350

0.0850.2885.30.540.1580.870.35450

0.230.392380.850.281.280.45550

0.140.31400.810.1731.460.32650

4. Conclusion
In this study, it can be withdrawn the following conclusions, 
Titanium dioxide films were prepared through a sol-gel pro-
cess. The investigation of XRD indicates that the TiO2 film is 
polycrystalline type of anatase. It was found that the parti-
cle size controlled by the heat treatment temperature. The 
results indicate that an increase in the heat treatment tem-
perature led to the increase in the particle size of TiO2 films 
because of the increasing crystallization. The roughness of 
pure nanoanatase TiO2 films increased with increasing parti-
cle size. The optical absorptance of nanoanatase TiO2 film in-
creased with increased heat treatment temperature. The op-
tical band gap of the films has been found to be in the range 
3.28-3.62 eV for the forbidden direct electronic transition 
and 3.45-3.75 eV for the allowed direct transition for the dif-
ferent heat treatment. The highest Voc and power conversion 
efficiency were found to be 0.45V and 0.23% fabricated with 
550oCrespectively. These results show that it is possible to 
apply TiO2 films to the fabricate of low cost organic devices.


