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Introduction
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o Energy demand has
intensified research on
renewable energy sources.

o Perovskite solar cells
(PSCs) are deemed as the
most promising candidates
efficient energy
generation.



Background
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o Despite rapid progress in the PSC efficiency, there have been concerns about 
the choice of  electron transport layer (ETL) in the solar cell architecture.

o ETL can be either planar, mesoscopic or nanostructure layers.
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o TiO2 nanostructures such as nanotubes can allow for complete infiltration of perovskite
material and provide vectorial charge transport for charge collection efficiencies.

o Hence, this study focuses on synthesis and structural evaluation of TiO2 nanotubes on
functional substrates (TNTs-FS) with change in annealing temperature.

o This will allow a more qualitative study and understanding of TNTs structural properties.
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o Ar Pressure – 1.5 Pa

o RF power – 1 kW

o Input Voltage – 440 V

SPUTTERING CONDITIONS

RF  SPUTTERING PROCESS

Ti

Methodology



Experimental setup
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Electro-anodization

Reactions at anode:

1. Ti → Ti+4 + 4e-

2. Ti+4 + 2H2O → TiO2 + 4H+

3. TiO2 + 4H+ + 6F- →
[TiF6]-2 + 2H2O

o Anodization of Ti occurs
as a result of the
competition between oxide
formation and chemical
dissolution of the oxide by
F−.



Methodology
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ha
rt Sputter coated titanium film on FTO glass substrate

Dried in air stream

Annealing at 350 °C for 3 hr.

Sonicating by (Ethanol & Acetone for 15 min.)

Rinsing by DI water for 15 min.

Drying in air stream 

Anodization process

Anodizing in Teflon Cell Using Electrolyte (NH4F, H2O and Glycerol) 

0.5wt.% NH4F  &  3.5 vol % H2O with Glycerol at 60 V

Rinsing by Ethanol  & DI water 

Annealing at 350 °C, 450 °C,  & 550 °C

Characterization



Characterization techniques

o The following techniques were used to determine the structural and morphological
properties TNTs grown on FTO glass substrate.

 Scanning Electron Microscopy

 X-ray Diffraction

 Confocal Raman Spectroscopy
• Large area scan
• Depth profiling
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Results : SEM
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o SEM micrographs have revealed regular TNTs.
o Pore diameter of TNTs are in the range of 130- 155 nm.

350 ℃

130 135 140 145 150 155

Fr
eq

ue
nc

y
TiO2 NTs inner diameter (nm)

 



Results : SEM
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o Well orientated surface morphology of TNTs on FTO glass substrate.
o Increased TNT inner diameter size (130- 160 nm).
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Results : SEM
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o Cross sectional view shows smooth & well aligned TNTs.
o Increase in temperature results in greatly enhanced morphology of TNTs.
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Results : XRD
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Results : CRS
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Results : CRS 
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Results : CRS 
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Conclusions
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o TNT arrays with a pore diameter size range of 85 – 160 nm were successfully
grown on transparent conductive FTO substrates by anodizing the sputtered Ti
films.

o SEM micrographs show the regular morphology with no disruption or
deformation of TNTs on FTO substrate even at elevated temperature (550 ºC).

o CRS analysis (LAS & Depth) & XRD confirmed the presence of anatase TNTs
on FTO glass substrate with increase in temperature resulting in high peaks
intensities, thus high structural phase maturity.

o The enhanced morphology & presence of only anatase phase TNTs make these
substrates suitable for PSCs.
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THANK YOU ALL
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