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In the current scenario of energy requirements solar cell is one of the important pollution free energy converter. In photovoltaic 
field Dye-Sensitized Solar Cell (DSSC) is one of the most promising candidates for a high-performance solar cell in the next 
generation, since it is fabricated by a simple manufacture process at relatively low cost. The focus of interest in this 
research paper is to mention the fabrication & working of this novel single & simple apparatus of microcontroller aided 
SPTD (Spray Pyrolysis Thin film Deposition) for fabricating the electrode and counter electrode for DSSC. It involves the 
novelties introduced in the instrumentation of the apparatus and the characterisations (XRD, SEM & AFM) of the prepared 
thin films for the fabricated DSSC. (In this novel apparatus design, TiO2 thin film formation is happening by spin cum spray 
pyrolysis).The grape fruit skin dye is used to sensitize the Nano TiO2 thin films. The thin films prepared by this novel method 
are tested for its DSSC performance. The results are in agreement/matching with conventional methods. The efficiency of 
assembled DSSC is 0.24%. 
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1. Introduction 
 
Spray Pyrolysis Thin film deposition (SPTD) method 

of thin film preparation is a simple and versatile method of 
making thin films and multilayered films [1,26]. Thin 
films are used in different applications like Solar cells, 
optoelectronics, sensors etc. This technique had been used 
in research to prepare thin and thick films, ceramic 
coatings, and powders [1]. It had been used for several 
decades in the glass industry [8] and in solar cell pro-
duction [9].Spray pyrolysis represents a very simple and 
relatively cost-effective processing method (especially 
with regard to equipment costs).The typical spray pyrolysis 
equipment consists of an atomizer, precursor solution, 
substrate heater, and temperature controller [43]. The 
method involves spraying a solution containing precursors 
onto a heated substrate. Sprayed droplets or residual 
particles reaching the hot surface undergo pyrolytic 
decomposition and form a single or a polycrystalline film. 
The quality and properties of the films depend largely on 
the process parameters. The most important parameter is 
the substrate surface temperature [1,5,14,26]. The 
properties of deposited films can be varied and thus 
controlled by changing the deposition temperature 
[1,2,3,17,21,26]. The substrate temperature has influences 
over the resulting optical and electrical properties of SnO-
F, ZnO films [21,16,19,26].Hence, in many of the reported 
research papers it has been stated that an intermittent spray 
was preferred in the spray coating process for getting a 
good thin film material formation [19, 20, 21, 26, 18, 9, 
10, 11, 12, 13]. In the time gap between the two 
sucessesive sprays of a series of sprays the substrate 
temperature (Ts) and the air medium above the substrate 
are restored to its initial levels of preferred temperature.  

In this work the SPTD equipment is fabricated. In this 
paper an economical microcontroller [44,45] is linked with 
it to improve the quality of the thin film by making use of 
user defined intermittent spray, ventilation and substrate 
motion. All these functions are simultaneously done by 
tapping the out put from the microcontroller. Hence, once 
the details are set, then it’s almost an automatic coating. 
This developed system is useful to prepare thin film 
materials [4,6,19,21,10,13] for DSSC applications. Nano 
SnO-F, TiO2 thin films are prepared using this apparatus 
and assembled to get the DSSC. The grape fruit skin dye is 
used for sensitizing TiO2 [46,48,51].This automation of 
intermittent spray helps to do the experiment without error 
for the defined time durations till the completion of the 
spray process. 

 
 
2. Material and methods 
 
2.1. Innovative design using microcontroller 
 
It had been conclusively proven that intermittent spray 

[19,21,26] has advantages over continuous spray. In SPTD 
precisely managing the timings of an intermittent spray 
(spray time and spray pause time) with out any error can 
help to create a good thin film and reproducibility of 
thickness and thin film quality. A micro controller device 
[44,45] can easily and efficiently handle this task. 

The block diagram of the microcontroller and its 
interface with the fabricated spray pyrolysis set up is given 
in Fig. 1. The microcontroller timer circuit and its 
accessories circuit is given in Fig. 2. The photograph of 
the microcontroller and its interface with the spray 
pyrolysis is given in Fig. 3 and 4 respectively. 
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Fig. 1. Block diagram of the newly developed  
spray pyrolysis set up. 

 
 

 
 

Fig. 2. The overall circuit diagram of the 
microcontroller circuit. 
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Fig. 3. Photograph of the microcontroller circuit. 

 
 

Fig. 4. Photograph of the microcontroller circuit & 
 inclined substrate for spray pyrolysis set up. 

 
 

2.2. Need of an inclined rotating substrate:  
 
Considering the point stressed by the Dainius Perednis 

et al [1] and similar works [30,31,32] an inclined rotating 
substrate is implemented in this research project. This 
inclined substrate design facilitates for most of droplets to 
strike the substrate and spread [1,30,32,33]. (A design 
patent is filed in India in this regard). A slow speed motor 
(60 rpm) kept at the outside bottom of the coating chamber 
rotates the cone shaped structure inside the chamber [31]. 
On the outer surface of the cone shape inclined substrate 
holders were positioned.  

The circular rotation of the substrate helps for the 
spreading of the splashing droplet on it due to centrifugal 
force [30,31]. The photograph of the novel inclined 
rotating substrate holder is given in Fig. 5. The cone 
structure is filled inside with metal filling for absorbing 
and storing the thermal energy. The temperature sensing 
probe is in contact with the cone. Its temperature and its 
ambient temperature are heated up by the electric furnace 
arrangement. A Chrome alumel thermocouple is used to 
sense the temperature of the substrate. The substrate is kept 
at a fixed temperature (Ts) with the help of a digital 
temperature controller device. When, all these are 
synchronized with the microcontroller out put for a 
simultaneous on and off settings, it ultimately helps to 
ensure reproducibility of the thin film [27].  
 

 
       

Fig. 5. Photograph of the inclined substrate. 
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Dainius Perednis & et al [1] had analysed the spray 
pyrolysis aerosol transport in detail. They reported that in 
an aerosol the droplet is transported and eventually 
evaporates. During transportation it is important that as 
many droplets as possible are to be transported to the 
substrate without forming powder or salt particles. The 
research investigations done by Sears et al [29] in this 
regard about the mechanism of SnO2 film growth was also 
reviewed by them. The influence of forces which 
determine both the trajectory of the droplets and 
evaporation were examined and a film growth model was 
proposed by Sears et al. Gravitational, electric, 
thermophoretic and Stokes forces were taken into account 
by them. 

Dainius Perednis & et al [1] reported that Sears et al 
had overestimated the role of thermophoretic forces. It was 
concluded that the film grows from the vapour of droplets 
passing very close to the hot substrate in a manner of 
chemical vapour deposition and droplets that strike the 
substrate form a powdery deposit. He had also highlighted 
an important point that needs to be considered is the 
spreading of droplets on the substrate, which more 
significantly contributes to the film growth. In the spray 
pyrolysis process it is desired that the most droplets strike 
the substrate and spread. These, points are taken in to 
account by the researchers and hence an inclined substrate 
and its rotation were carried out by them successfully. [1, 
27,28,30,31,33]. The aerosol transport on an inclined 
substrate is given in Fig. 6. 
 

Exhaust

Spray

Substrate

 
Fig. 6. Aerosol transport on an inclined substrate. 

 
 

2.3. Testing & optimization of the fabricated  
       equipment 
 
The working of the fabricated SPTD device along 

with the novel ideas are tested and optimised by the 
following simple steps/methods (due to lack of facility). 
This helps to understand the aerosols transport and thin 
film formation and compare the earlier reported modeled 
and experimental works [34,35,36,30].In this the fluid 
dynamics happening inside the coating chamber is 
analysed by spraying dark blue colour ink solution through 
the nozzle jet and covering the inner lining of the chamber 
with white background. This is repeated also at high 

temperature for every 2 seconds of colour solution spray 
on the cone surface with glass substrate. The trajectory of 
the aerosols and the formation of blue colour over the 
glass surface are photographed for analysis. Here, the glass 
substrate was coated with colour. This gives the details 
about the active aerosol trajectory and the possible 
deposition regions. In an actual experiment the pyrolysis 
action takes place. So, test is repeated with SnO2-F, TiO2 
thin film experiments to ascertain the uniform thin film 
formation [34,31]. The height of the substrate is also 
adjusted to repeat the experiment and the optimum 
distance between the nozzle and the substrate is also 
optimised (25 Cm). 

The Cone shaped metallic structure is also optimised 
by changing the semi vertical angle of the cone and found 
to match with the earlier work of 40º [36,30,32].Uniform 
thin film formation is produced for an inclination of 40º 
angle. The ventilation happening inside the chamber was 
verified by filling the chamber with smoke and then the 
spray was done for 2 seconds along with air suction 
ventilation. The air turbulence inside the chamber was 
controlled and allows thin film formation even when the 
circular motion of the substrate is activated. The 
microcontroller circuit necessary for the automatic 
intermittent spray is fabricated. The working of 
microcontroller circuit checked with the spray pyrolysis 
apparatus. A mathematical model was developed [20] for 
the prediction of film thickness deposited using spray 
pyrolysis and it’s used here to optimize the fabricated 
SPTD apparatus and the accessories. 

 
2.4. Chemicals preparation  
 
The stannous chloride (SnCl2 5H2O) with fluorine (F) 

doping (15 % wt) was achieved by adding ammonium 
fluoride (NH4F) [26]. The F-doped SnO2 conducting layer 
(FTO, ~10 Ω⁄sq) is prepared above the 1mm cleaned glass 
plate glass substrate. The prepared FTO layers (~2.8 µm) 
are used in the front (electrode) and back side (counter 
electrode) electrodes for the DSSC. The substrate 
temperature is maintained at 430º C. The spray duration is 
for 2 seconds and paused for 2 minutes for the substrate to 
restore to its pre set 430º C. 

In this work the Compact Layer (CL) & mesoporous 
films of TiO2 [12,39] preparation step is a hybrid of the 
spin [12,36,38] & spray pyrolysis [39,40,41] using the 
novel substrate holder design. It is a completely different 
and simple method than the reported pyrolysis methods 
[40,41]. The design allows the spin and spray pyrolysis to 
occur at the same time and hence comparatively quicker, 
homogenous and reproducible thin film formation is 
achieved. The splashing of the sprayed aerosols (SPTD) 
on glass plates located on the rotating inclined substrate 
led to the formation of thin film formation. The rotation of 
the inclined substrate makes it distributed over the glass 
substrate [38]. Thus, this method is a combination of 
conventional spray pyrolysis and spin coating. The usual 
spin coating for this tedious process. The details of TiO2 
thin films formation will be published elsewhere). 
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Fig. 7 (a). XRD of TiO2  on glass substrate. 

 
Fig. 7(b). XRD of  SnO-F on glass substrate. 

 

 
Fig. 7(c). XRD of  SnO-F & TiO2 on glass substrate. 

 
 

Alcoholic solution of Titanium (IV) Isopropxide 
(Sigma Aldrich) is used. The solution is sprayed on pre 
cleaned glass (1 mm thickness) glass substrate having F-
doped SnO2 conducting layer (FTO, 10 Ω⁄sq) which is 
maintained at 100º C. Using the above mentioned 
microcontroller circuit for 2 seconds spraying & substrate 
rotation first followed by an interruption of 30 seconds to 
avoid excessive cooling of the substrate during the spray. 

This cycle was repeated for 20 times then the films were 
sintered at 500 ºC for 1 hr and cooled to room temperature 
to get ~ 100 nm thick dense TiO2 layer. The spraying 
process was done with a glass nozzle, using compressed 
and purified gas. 

The resulting pinhole free compact layer of TiO2 
which prevents the short circuiting of the cell [12,40]. 
Using the same approach the spray cycles were repeated 
for 100 times for getting a 6 µm thickness of mesoporous 
TiO2 films on the CL layer. In this alcoholic solution of 
Titanium (IV) Isopropoxide (Sigma Aldrich) (0.09M 
concentration in ethanol medium) with 10 drops of HNO3 
is used. Then, the films were sintered. Then, it is annealed 
at 500º C and not beyond it [42] for increasing the 
crystallinity of the TiO2 and for adhesion dye [42].  The 
grape fruit skin is extracted and it is used to sensitize the 
TiO2 as per the reported method [46, 51]. This completes 
the formation of TiO2 electrode for the DSSC. 

The prepared SnO-F thin film is taken and above 
SnO-F graphite (manual pencil) coating is applied and 
above that carbon black is applied by exposing it 
uniformly over the candle flame. This is a simple and 
economic method to get the counter electrode. Between 
the electrodes, a 50 μm space was retained using a pair of 
PTFE film spacer and electrolyte was injected into the 
space. The electrolyte composition was 0.03 M I2 and 0.5 
M KI in ethylene carbonate/acetonitrile (80:20, v/v) [50]. 
The assembling of the DSSC components are carefully 
done here [47,48,49] to get the DSSC for further 
photovoltaic analysis. The Schematic diagram representing 
the DSSC layers (side view) is given in Fig. 10. 

 
2.5. IV characteristics details 
 
The I-V characteristics of the devices in the dark and 

under illumination (in Fig. 9) were measured by a 
semiconductor parameter analyzer (Keithley 4200-SCS). 
A xenon light source (Oriel, USA) was used to give a 
irradiance of 100 mW/cm2 (equivalent to AM1.5 
irradiation) at the surface of the device. The photoaction 
spectrum of the devices was measured using a 
monochromator (Spex 500 M, USA), and the resulting 
photocurrent was measured with a Keithley electrometer 
(model 6514), which is interfaced to the computer by 
LABVIEW software. The assembled DSSC has 0.24% 
efficiency; this is without platinum counter electrode, 
costly TCO (Indium Tin oxide).  

 
3. Results and discussion 
 
The photovoltaic results are in agreement/matching 

with conventional methods [46]. The efficiency of 
assembled DSSC is 0.24%.The current (vs) voltage graph 
of the prepared DSSC under dark and illumination is given 
in Fig. 9 and its respective values in Table 1. Using this 
economic device thin film like TCO (Sno-F) and TiO2 are 
prepared for studying / manufacturing Dye Sensitised 
Solar Cell (DSSC). The XRD of these are given in Fig. 
7(a), 7(b) & 7(c). Its standard peaks indicate the 
polycrystalline nature confirming presence of the elements 
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(as per the JCPDS data: 04-0477 for Anatase TiO2; 3-1276 
for Rutile TiO2 & 41-1445 for SnO-F) in nano crystal size 
range (TiO2:~30 nm; Sno-F:~40 nm).Using them a DSSC 
is prepared using grape fruit skin dye . The SEM images of 
the prepared Nano TiO2, TiO2 sensitised with natural dye 
extracted from grape fruit skin dye & SnO-F are given in 
Fig. 8(a),8(b) & 8(c). The AFM images of the TiO2: Fig.  

8(d) Mesoporous TiO2 & SnO-F are given in Fig. 8 (d) & 
Fig. 8 (e).These also confirms the nano particle thin film 
formation. It also reveals that the mesoporous surface 
morphology of TiO2 and rough surface of SnO-F. The thin 
films are homogeneous and reproducible. The thickness of 
thin film prepared is also variable in accordance with 
DSSC application [20].  

 
  SEM images: 

(a)

 

(b) (c) 

 
 

Fig. 8(a). Mesoporous TiO2, Fig. 8(b) TiO2& Grape fruit skin dye, Fig. 8(c) SnO-F. 
 

       AFM images: 
(d) 

 

(e) 

 
 

Fig. 8(d) Mesoporous TiO2, Fig. 8(e) SnO-F. 
 
 

 
 
 

Fig. 9. 
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Fig. 10. Schematic diagram representing the DSSC layers (side view).The thickness of the thin film layers from right: 1 mm 
glass plate, 2.8  µm  FTO layer, 6 µm sensitized  nanoporous  TiO2 , 100  nm  compact  anatase  TiO2  layer, 2.8 µm  FTO  layer,  
                                                                                         1mm glass plate. 

 
Table 1. 

 
Voc 
(V) 

Isc 
(Amp/cm2) 

V mx 
(V) 

Imx 
(Amp/cm2) 

Pin 
(mw/cm2) 

Fill 
factor 

Efficiency  
% 

0.57 0.789 × 10-3 0.252 0.475 × 10-3 5.00 × 10-2 0.266 0.24 
 

 
 

4. Conclusions 
 
In this research work a maiden attempt for a single & 

simple SPTD apparatus for fabricating homogeneous and 
reproducible electrode and counter electrode thin films for 
DSSC is prepared successfully. A DSSC was fabricated 
using grape fruit skin dye with an efficiency of 0.24%. The 
result is encouraging when it is compared with similar 
DSSCs prepared by conventional methods [46,51]. Thus it 
can be refined to fabricate small scale DSSC 
manufacturing. The efficiency of DSSC may be improved 
with different dyes, electrolytes etc.  

The charcterisation of the prepared thin films shows 
that the pyrolytic reaction has been taking place normally. 
The whole intermittent spray processes was automatic and 
hence a good quality thin film coating was achieved every 
time. The novel substrate design has helped to do a hybrid 
of spray pyrolysis and spin thin film deposition leading to 
quicker and homogenous thin film deposition of TiO2. 
Other thin film preparations can be attempted using this. 
This microcontroller may be modified accordingly for 
automating spin, dip coating of thin films.  
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