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2. Conclusions 
In this paper we presented one 

application concerning the motion and the 
equilibrium of the planar chains with 
rotational linkages with clearances. The 
applications are complete and numerically 
solved. 

The numerical applications solved here 
confirm the statements mentioned on the 
algorithm presented in our previous papers. 
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Abstract: In recent years, the solar cell research interest has been focused on hybrid solar cells that use the 
advantage of mixed active layer such as semiconductor nanoparticles and polymeric organic materials. The 
goal of the solar research groups is to increase the efficiency of solar cells, their lifetime and cost of 
fabrication.  For example, the solar cells based on silicon has long lifetime, good efficiency, but high 
fabrication costs. Solar market shows a great interest in hybrid solar cells due to their increased yield, 
extended lifetime compared to organic cells, and ease in fabrication with great potential in reducing the 
manufacturing costs. In this paper, the effect of various nanostructures on the performance of hybrid solar 
cells was studied. A relationship between the nanoparticle shapes and solar cell efficiency was developed, 
which showed that the aspect ratio of nanoparticles was an important factor in designing solar cells with 
improved efficiency. 

 

1 Introduction 

The energy demand increases each year. This 
growth has imposed an increase in both energy 
production from conventional sources and 
development of new technologies.  Additionally, 
the global warming caused by the increase in CO2 
concentration [1] has forced the legislative to take 
action and promote the research and development 
of the technologies in renewable energy. Solar 
energy is one of the greatest renewable energy 
sources because Earth receives from the sun 
enough energy each hour to meet all the energy 
needs around the world in a year. Currently, 
photovoltaic (PV) cells provide only 0.04 % of the 
total energy produced per year from all the energy 
sources [1]. 

The European Renewable Energy Council (EREC) 
estimates that the renewable energy will increase 
up to 50% by 2040  [2]. This ambitious target 
challenges and creates competitive markets for 
solar energy research and requires a high scale 
solar energy deployment. Presently, the renewable 
energy source contributes with 20% at the global 
level of total energy consumption, while the rest of 
80% comes from primary energy sources. For 
instance, in the 2013 calendar year, the total power 
output of photovoltaic panel (PV) in the world was 

around 160 billion kW/h, which means about 
0.85% of the total energy demand in the world [3]. 
The European Photovoltaic Association (EPIA) 
estimated that the global PV production will 
increase up to approximately 2,646 TWh/year by 
year 2030. Table 1 presents the statistics of the 
renewable energies including the estimated values 
by the year of 2040 [2].  

Data presented in Table 1 predicts that the 
renewable energy based on PV in the year 2040 
will increase up to 13%. Researchers are working 
to create PV cells with high light absorption, high 
conversion efficiency, and extended life cycle [4]. 
Presently, the best performing solar cells are multi-
junction solar cells that reached 44.7 %. Among 
single junction solar cells, the best performing are 
the solar cells based on Si, followed by thin film 
cells and hybrid and organic cells [4]. Organic 
solar cell (OPV) is a type of cell that is based on 
conductive organic polymers or small organic 
molecules designed to capture the light absorption 
to produce electricity.   The OPV were discovered 
in 1987 and their efficiency was just 2.1% [5]. In 
2000, the research work on OPV escalated due to 
their high potential of large mass production at a 
low cost. OPVs can be produced using inexpensive 
technologies such as roll-to-roll processes, where 
the layers were printed on a flexible substrate. 
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Moreover, materials used in the OPV fabrication 
are not toxic [5].  The OPV are now in the 
competition for a market share, reaching an 
efficiency of 12% in 2013 [6]. The “Heliatek” 
company alleged that the efficiency of organic 
solar cells is estimated to reach 15% [6]. 

Table1. Statistics and predictions of renewable 
energy technologies based on the “Renewable 
Energy Scenario to 2040“, by the European 
Renewable Energy Council (EREC) [2]:  

Years 1996
-

2001 

2001
-

2010 

2010
-

2020 

2020
-

2030 

2030
-

2040 

Biomass 2% 2.20
% 

3.10
% 

3.30
% 

2.80
% 

Large 
hydro 

2% 2% 1% 1% 0% 

Small 
hydro 

6% 8% 10% 8% 6% 

Wind 33% 28% 20% 7% 2% 

PV 25% 28% 30% 25% 13% 

Solar 
thermal 

10% 16% 16% 14% 7% 

Solar 
thermal 

electricity 

2% 16% 22% 18% 15% 

Geothermal 6% 8% 8% 6% 4% 

Marine 
(tidal/wave/

ocean) 

 8% 15% 22% 21% 

Then, dye-sensitized solar cell with an efficiency 
of 11-12% has been developed, followed by the 
tandem organic solar cells, inorganic solar cells 
and quantum-dots (QDs). In 2010, the National 
Renewable Energy Laboratory (NREL) researchers 
have improved efficiency and performance of the 
solar cells containing PbS QDs, by adding metal 
oxides such as: molybden oxide (MoOx), vanadium 

oxide (V2Ox) in the active layer of the solar cell to 
improve heterojunction solar cell consisting of 
ZnO/PbS [7]. The efficiency of the cell has reached 
4.4%. In 2011, University of Toronto obtained a 
solar cell based on PbS colloidal quantum dots 
(CQDs) mixed with organic ligand with an 
efficiency rate of 6% (AM 1.5 conditions) [8].  

The solar research community continue to search 
for ways to improve solar cell efficiency while 
keeping the cost low to fabrication. Hybrid solar 
cells (HSC) were developed to combine the high 
efficiency of thin films with the ease of fabrication 
of organic cells. This paper presents a study of the 
nanoparticle structure and size used in HSC, based 
on the most recent developments in the HSC 
technologies. In the study of HCS performance, 
both the nanoparticle synthesis methods and the 
shape and the size of nanoparticles are discussed. 

2 Hybrid solar cells 

Hybrid solar cells (HSCs) are a potential candidate 
for commercial PVs due to their fast optical 
absorption, ease of fabrication, low production 
costs, and a favorable combination of organic and 
inorganic semiconductors [9]. HSC has an active 
layer composed of a blend of organic materials 
such as polymers and inorganic nanoparticles, 
which improve the absorption of light and enhance 
the electrons transport from cell to collector [1]. 
These cells typically consist of a glass substrate, 
transparent conductive oxide layer (ITO), poly (3, 
4-ethylenedioxythiophene) PDOT:PSS, nano-
particles, polymer blend and a metal cathode as 
shown in Figure 1.  

 

Figure 1.  Schematic representation of HSC device (top) 
and solar cells works to collect the electron (bottom). 
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The PDOT:PSS polymeric blend forms a layer that 
helps the transport of electrons to anode. 

A critical detail in the composition of HSC is 
represented by the diversity of shapes of 
nanoparticle that may be used. A certain shape of 
nanoparticles may increase the efficiency and the 
performance of hybrid solar cells but there is no 
direct relationship demonstrated for them. For 
example, Lazaro A. et al [10] investigated the role 
of the PbSe nanostructure shape by comparing 
elongated and spherical quantum dots (QD) 
nanoparticles. They found out that the high aspect 
ratio of elongated particles increases the efficiency 
of light absorption compared to spherical (dot) 
nanoparticles [10].  

There is a vast diversity of shapes and sizes of 
nanoparticles that may have a direct and critical 
impact on the performance of hybrid solar cells. In 
addition, the efficiency of HSC is influenced by the 
NP synthesis method as well as device fabrication 
technique. 

3. Nanoparticle for HSC and their 
Synthesis Methods  

3.1. CuInS2 (CIS) nanocrystals  

Colloidal synthesis was used to fabricate dispersed 
particles suspended in a liquid medium. Although 
it is difficult to control the morphology of 
semiconductor nanostructures, tailored nano-
crystals can be produced by simply changing the 
synthesis parameters (i.e. reaction time and 
temperature). In the case of CuInS2 colloidal 
synthesis, CuInS2 and oleylamine, trioctyl-
phosphine oxide (TOPO), was injected in a mixture 
by 1-dodecanethiol, tert-dodecanethiol [11]. This 
solution was maintained at 240 oC, resulting in the 
formation of elongated CIS nanoparticles that had 
approximately uniform size distribution. 
Oleylamine acts as a solvent, but also as monomer 
to stabilize the particles. The nanoparticles have a 
diameter of 19.1 nm and a length of about 44.8 nm. 
Transmission Electron Microscope (TEM) analysis 
was used to study the growth mechanism of CIS 
nanocrystal during chemical reaction. It was 
observed that 75 seconds after injection, 
nanoparticles size increased, resulting in a square-
like shape (Figure 2). After 80 seconds, the CIS 
particles reached an elongated shape, which then 

increased along the (002) axis and had an 
orientations perpendicular to the axis (100) [11].  

 

Figure 2. TEM of CIS(CuInS2) NP [11]: a) Cu2S particles 
before the reaction; b-d) particles of Cu: In, in ratio 1:1 
during synthesis  after 75 s (c),  80 s (e) and  90 s (d) 

particles has a perfect elongated shape [11].  

CIS elongated shape had an optical absorption 
between 400 nm and 900 nm. Because of the 
versatility in shape induced by synthesis process 
(Figure 2), CIS nanoparticles were used as thin 
films and hybrid devices in solar cells research. 

3.2. CdSe Nanoparticles 

CdSe nanocrystal: Brandeburg et al. [12] have 
synthesysed CdSe nanoparticles by colloidal 
method. The HSC device was fabricated on ITO 
substrate, where a PEDOT: PSS layer was applied 
by spin-coting. Subsequently, an active layer made 
of CdSe: P3HT was applied and treated at 140 oC 
for 10 min.  An Al layer deposited by evaporation 
was used as a cathode [12]. The size of CdSe 
nanoparticles was 2.3 - 10 nm and the wavelength 
was between 400 nm to 600 nm. The efficiency of 
the device was 0.45% [12]. 

CdSe nanorods: Farva et al. [13] obtained CdSe 
nanorods with controlled size and shape using a 
slightly modified hot-injection method. After 
synthesis, CdSe nanorods were annealed at 350  
for 30 minutes to investigate the influence of air - 
annealing process on the structural and optical 
properties of nanorods [13]. During annealing, the 
nanorod size increased from 4-5 nm to 10-12 nm in 
diameter, and from about 20 nm to 23-25 nm in 
length. Additionally, the heat treatment influenced 
the photoluminescence (PL) spectra due to 
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improved crystallinity after annealing. PL emission 
peak shifted after annealing from 625 nm (1.98 eV) 
to 628 nm (red shift) [13]. 

CdSe tetrapod: Complex nanowire structures that 
form both hierarchical branches and multi-
component heterostructures of engineered material 
combinations, are likely to be used in harvesting 
and conversion of solar energy. Nanoparticles with 
tetrapod shapes were obtained for semiconductors 
of groups II and VI [14]. CdSe nanoparticles with 
tetrapod shapes can be obtained by chemical 
synthesis, because the form of nanocrystals (NCs) 
can be controlled by varying synthesis parameters. 
Manna et al. [14] obtained tetrapod shapes from 
CdSe nanocrystals seeds of 10 - 15 nm in size 
(Figure 3). This 3D shape has an important role in 
electron transport, because the three arms of the 
tetrapod are anchored in the cathode, and the fourth 
arm is directed upwards, reaching the active layer. 
Additionally, CdSe with a tetrapod shape has a 
good optical absorption of light, which can be 
exploited in hybrid solar cells [1]. For instance, the 
PCE for a cell made of CdSe tetrapod, pyridine-
capped and PCTDTBT polymer was about 3.19 %, 
with an external quantum efficiency (EQE) of 
55%, and a wavelength of 630 - 720 nm [1].  

 

Figure 3. Illustration of tetrapod structure obtained by 
seeded growth method [1, 22]. 

Similar to CdSe tetrapod, ZnO tetrapods called 
“fourlings” were obtained in vapor phase [15]. In 
this case, polycrystalline ZnO nucleus led to 
twinning mechanism. This formation mechanism 
involves stacking fault between the central nucleus 
and each branch [15]. 

3.3. TiO2 Nanoparticles 

TiO2 crystalline nanoparticles: TiO2 rods are 
generally used in HSC due to their low cost and 
good power conversion efficiency (PCE) of about 
4%. Guttmann et al. [16] obtained crystalline TiO2 
nanoparticles for a HSC. This device contained 
solar cells that are made of FTO/TiO2 rod/ blend/ 
PEDOT: PSS/Au [16], where the active layer 
consisted of TiO2 rods embebed in P3HT polymer. 
Figure 4 shows TiO2 crystalline rods with a 
diameter to length ratio of 1 to 10, which were 
obtained from TiCl4 precursor. The solar cell based 
on the polymeric TiO2 active blend was tested 
under 1.5 AM conditions. The HSC had an 
efficiency of 0.13% and filling factor of 31% [16]. 

 

Figure 4. TEM image of TiO2 rods [16]. 

TiO2 nanorods: Hybrid solar cells based on TiO2 
nanorods with a diameter size between (7±1) nm 
and (19±3) nm [24] were synthesis by non-
hydrolytic methods. TiO2 nanorods have quantum 
efficiencies of up to 15% measured at AM 1.5. The 
solar PCE was η = 0.49%. These nanoparticles, are 
not toxic and they have a good physical and 
chemical stability. TiO2-based HSC was made 
using ITO/PEDOT: PSS/blend/Al. This blend was 
formed by TiO2 nanorod and P3HT. After 
annealing, an improved yield of separation charge 
was observed. TiO2 nanorod has an important role 
in blend by forming traps to capture photon. After 

 

annealing, the device tested in AM 1.5 spectrum, 
50 MW/cm-2 had a PCE by η = 0.49% [24]. 

TiO2 nanoparticles: Typically, the main method 
for producing metal oxide nanoparticles is the sol-
gel process. This process starts with a colloidal 
solution (sol) which acts as a precursor for the gel 
[17]. In fact, the sol is a solution that contains 
colloidal particles (inorganic or organic) suspended 
in a liquid. For instance, TiO2 colloidal nano-
particles can be obtained from a solution 
containing a mixture of ethanolamine (TEOA), 
ethoxide (TEO) and distilled water at room 
temperature, to which NaOH solution is added to 
adjust for pH. Then, an amine such as trido-
decylamine (TDA) is added. The solution is placed 
in Teflon-lined container for 24 h at 100; then the 
temperature is increased to 140 oC and kept for 72 
h. This process helps the nucleation and growth of 
TiO2 nanoparticles [18]. TiO2 nanoparticles 
obtained by sol-gel have elongate shape, with a 
diameter of 30 - 40 nm and length of 15 - 30 nm. 
When these TiO2 nanoparticles were used in 
DSSC, the efficiency was 5.04% with a filling 
factor (FF) of 0.45% [18].  

3.4. Quantum Dot (QD) structures: PbSe-
QD, CdSe colloidal QDs, CdSeS-QD, etc. 

Quantum Dot (QD) are mainly used in DSSC due 
to their good absorption power (about 12% [19, 
20]) and inexpensive manufacture costs. For 
example, electrophoretic deposition is a process of 
depositing layers on a substrate/electrode, from a 
solution that contains nanoparticles/QDs under an 
applied electric field [14]. In solvents such as 
toluene and acetonitrile, QDs are negatively 
charged, which means that QDs will be attracted to 
the positive electrode. Electrode materials used in 
HSC are mesoscopic oxide TiO2, ZnO, SnO2, and 
Nb2O5 [15], used as thin films of 5 to 10 µm 
thickness over optically transparent electrodes. 
There are several methods of making QD films 
[14-16], as shown in Figure 5.  

Several QDs material systems have been studied 
for their possible adoption in HSC.  An example of 
QD which are often used in HSC is PbSe quantum 
dot PEDOT: PSS layers [21]. The PbSe QDs have 
been obtained with a diameter of 4.5 nm. The HSC 
had a filling factor (FF) of 45.5%, but low 
efficiency. W. Zou et al. [22] has synthesized 
colloidal CdSe QDs with oleic acid ligand. The 

CdSe QDs had diameters between 3.1 and 3.9 nm 
with a deviations ± 0.2 nm, and an optical 
absorption spectral of about 450 nm. Kumari et al. 
[23] have demonstrated that CdSe QDs (5 ~ 7 nm) 
with TOPO and oleic acid (OA) have a good 
surface passivation and optoelectronic properties. 

The CdSe (TOPO) QDs had an absorption of 
wavelength between 493 nm to 506 nm. However, 
the efficiency of the HSC device made with CdSe 
(TOPO) QDs was very low. For example, 
CdS/CdSe QDs were doped with Mn to improve 
electrical properties and light absorption through 
wavelength control [20]. The efficiency conversion 
for an incident photon in Mn - doped CdS/CdSe 
increased to 68% and 80%. Using a molecular 
linker is another method to improve the 
performance of QDs/ DSSC, through inverted 
CdS/CdSe QDs, using organometallics at high 
temperature, and then synthesized with TiO2. The 
efficiency for this system can reach 5.32% [20]. 

3.5. CdS nanorods  

CdS nanorods can be grown by hydrothermal 
process, where the nanoparticles used as seeds are 
electrochemically deposited. An example of this 
process is provided by Chen et al. [24] who 
fabricated CdS nanostructures for optical and 
electrical devices. They obtained CdS nanorod 
arrays with various shapes and sizes with a wide 
band gap absorption of light. CdS nanorod 
structures are used in HSC due to their capability 
to improve the power conversion efficiency in 
solar cells.  HSC nanostructured device obtained 

 

Figure 5. Schematic illustration of deposition of QD 
films obtained by the method presented in Ref [11]: a) 

drop cast/spin coat, b) chemical bath, c) SILAR, d) 
electrophoretic deposition; e) molecular linker. 
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annealing, the device tested in AM 1.5 spectrum, 
50 MW/cm-2 had a PCE by η = 0.49% [24]. 

TiO2 nanoparticles: Typically, the main method 
for producing metal oxide nanoparticles is the sol-
gel process. This process starts with a colloidal 
solution (sol) which acts as a precursor for the gel 
[17]. In fact, the sol is a solution that contains 
colloidal particles (inorganic or organic) suspended 
in a liquid. For instance, TiO2 colloidal nano-
particles can be obtained from a solution 
containing a mixture of ethanolamine (TEOA), 
ethoxide (TEO) and distilled water at room 
temperature, to which NaOH solution is added to 
adjust for pH. Then, an amine such as trido-
decylamine (TDA) is added. The solution is placed 
in Teflon-lined container for 24 h at 100; then the 
temperature is increased to 140 oC and kept for 72 
h. This process helps the nucleation and growth of 
TiO2 nanoparticles [18]. TiO2 nanoparticles 
obtained by sol-gel have elongate shape, with a 
diameter of 30 - 40 nm and length of 15 - 30 nm. 
When these TiO2 nanoparticles were used in 
DSSC, the efficiency was 5.04% with a filling 
factor (FF) of 0.45% [18].  

3.4. Quantum Dot (QD) structures: PbSe-
QD, CdSe colloidal QDs, CdSeS-QD, etc. 

Quantum Dot (QD) are mainly used in DSSC due 
to their good absorption power (about 12% [19, 
20]) and inexpensive manufacture costs. For 
example, electrophoretic deposition is a process of 
depositing layers on a substrate/electrode, from a 
solution that contains nanoparticles/QDs under an 
applied electric field [14]. In solvents such as 
toluene and acetonitrile, QDs are negatively 
charged, which means that QDs will be attracted to 
the positive electrode. Electrode materials used in 
HSC are mesoscopic oxide TiO2, ZnO, SnO2, and 
Nb2O5 [15], used as thin films of 5 to 10 µm 
thickness over optically transparent electrodes. 
There are several methods of making QD films 
[14-16], as shown in Figure 5.  

Several QDs material systems have been studied 
for their possible adoption in HSC.  An example of 
QD which are often used in HSC is PbSe quantum 
dot PEDOT: PSS layers [21]. The PbSe QDs have 
been obtained with a diameter of 4.5 nm. The HSC 
had a filling factor (FF) of 45.5%, but low 
efficiency. W. Zou et al. [22] has synthesized 
colloidal CdSe QDs with oleic acid ligand. The 

CdSe QDs had diameters between 3.1 and 3.9 nm 
with a deviations ± 0.2 nm, and an optical 
absorption spectral of about 450 nm. Kumari et al. 
[23] have demonstrated that CdSe QDs (5 ~ 7 nm) 
with TOPO and oleic acid (OA) have a good 
surface passivation and optoelectronic properties. 

The CdSe (TOPO) QDs had an absorption of 
wavelength between 493 nm to 506 nm. However, 
the efficiency of the HSC device made with CdSe 
(TOPO) QDs was very low. For example, 
CdS/CdSe QDs were doped with Mn to improve 
electrical properties and light absorption through 
wavelength control [20]. The efficiency conversion 
for an incident photon in Mn - doped CdS/CdSe 
increased to 68% and 80%. Using a molecular 
linker is another method to improve the 
performance of QDs/ DSSC, through inverted 
CdS/CdSe QDs, using organometallics at high 
temperature, and then synthesized with TiO2. The 
efficiency for this system can reach 5.32% [20]. 

3.5. CdS nanorods  

CdS nanorods can be grown by hydrothermal 
process, where the nanoparticles used as seeds are 
electrochemically deposited. An example of this 
process is provided by Chen et al. [24] who 
fabricated CdS nanostructures for optical and 
electrical devices. They obtained CdS nanorod 
arrays with various shapes and sizes with a wide 
band gap absorption of light. CdS nanorod 
structures are used in HSC due to their capability 
to improve the power conversion efficiency in 
solar cells.  HSC nanostructured device obtained 

 

Figure 5. Schematic illustration of deposition of QD 
films obtained by the method presented in Ref [11]: a) 

drop cast/spin coat, b) chemical bath, c) SILAR, d) 
electrophoretic deposition; e) molecular linker. 
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by Chen et al. [24] consisted of a layered structure 
with the following sequence: ITO/CdS nanorod 
arrays/MEH-PPV/Au. The CdS nanoparticle layer 
that acts as seed layer was obtained by 
electrodeposition directly on ITO. CdS nanorods 
obtained by hydrothermal process had a hexagonal 
structure and sizes from10 nm to 150 nm [24]. The 
photoluminescence of CdS nanorod arrays depends 
on the reaction temperature. The band-edge of CdS 
nanorod array decreases with increasing the 
temperature from 10 K to 300 K. The power 
conversion efficiency in this particular device 
ITO/CdS nanorod arrays/MEH-PPV/Au was 
0.34%±0.06% and the thickness MEH - PPV layer 
was about 350 nm [24]. 

3.6. ZnO Nanostructures 

ZnO has a large band gap of 3.37 eV and it is used 
in HSC as an alternative to other oxides to ensure a 
better open-circuit photovoltage. Among various 
techniques developed to produce ZnO nano-
structures, electrochemistry is one of the 
techniques that offers innovative approaches to 
produce complex nanostructures with interesting 
properties.  

ZnO nanorods: Rusen et al. [25] obtained a core-
shell hybrid nanomaterial by electrodepositing 
ZnO nanorods over an electroconductive material 
with a photonic crystal structure (PC).  The ZnO 
nanorods electrodeposited on hybrid the 
Cu/polymer core-shell structure had diameters of 
50-100 nm and lengths of about 300-350 nm [25]. 
Another example was demonstrated by Chang et 
al. [26]. They fabricated films of ZnO nano-
particles array as seeds using self-assembled 
polymeric hollow particles over ITO using 
hydrothermal method. The ZnO nanorods had 
hexagonal shape, with a diameter between 50 nm 
and 100 nm, a deviation of ± 80 nm, and arranged 
in an array. ZnO array films were prepared in 
various growth conditions with wavelengths of 
about 400 nm to 1000 nm [26]. 

ZnO nanowires: Vapor-liquid-solid (VLS) is the 
main techniques to grow semiconductor nanowires. 
The growth of one-dimensional structures involves 
the presence of a seed that melts, forming a 
catalytic liquid alloy. The liquid –solid interface is 
the place where nucleation occurs, while the 
adsorption of gas happens at the liquid-vapor 
interface, supersaturating the liquid alloy. The 

nanowires develop by a continuous nucleation and 
growth at the liquid-solid interface [27]. ZnO 
nanowire [28] for dye-sensitized solar cells 
(DSSC) were grown by VLS. The ZnO nanowires 
with 130 nm in diameter were formed 
perpendicular to the F:SnO2 (FTO) glass substrate. 
The efficiency of a ZnO NWs based DSSC device 
was between 1.2 and 1.5%, while the efficiency of 
TiO2 NWs-based DSSC was 5-6% [28].  

3.7. InP core - shell nanopillar 

Other photovoltaic cells (PV) such as arrays of InP 
nanopillars (NPL) were studied by Fan et al. who 
used metal organic vapor phase epitaxial method 
(MOVPE) and vapor-liquid-solid (VLS) [29]. This 
method results in p-n InP core-shell nanopillars by 
growing first p-type InP on a substrate, followed 
by epitaxial growth of n-type InP layer. During the 
growth, SiO2 was introduced over p-type InP. The 
PV cell obtained using the p-n InP core - shell 
nanopillar array had a filling factor of about 27%, 
and an efficiency of about 3.37% [29]. 

3.8. Ge nanopillar  

Another interesting example is a structure with 
dual-diameter nanopillar array, which was obtained 
by template synthesis in anodized aluminum oxide 
(AAO) membrane [29]. Ge nanopillars have a 
diameter by 60 nm at one end and adsorb the light 
at wavelengths between 450 nm and 900 nm. The 
diameter at the base has 130 nm and adsorb the 
light at wavelengths between 300 nm and 900 nm. 
The dual - diameter pillar array has a good optical 
absorption and efficiency close to 99% [28, 29]. 

 
Figure 6 Illustration on Ge dual-diameter nanopillars 

that were grown in AAO [29].  
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3.9. Nanotube and Nanocable Structures 

Template synthesis for nanotube and nanocable 
structures is mainly used in combination with 
electrochemical deposition. In this method, one 
side of a porous membrane is covered with a metal 
film that acts as a cathode in an electroplating 
system. Various membranes can be used, but the 
membranes with transversal pores are preferred 
such as polycarbonate track-etched membranes 
(PCTE) and anodized aluminum oxide (AAO). 
Martin et al. [32] first used Au tubes and an 
polymer polypyrrole with an template membrane 
as polycarbonate which has a diameter 10 nm with 
a pore densities about 109 pore/cm2, using electro-
chemical deposition [32]. 

Other remarkable example is a nanocable 
(core/shell) structure of CdTe/CdS which was 
obtained by Vidu et al. [31] using template 
synthesis techniques. This CdTe/CdS nanocable 
structure may provide higher efficiency than thin 
film configuration, and a total power output that is  
1.5 to 3 times higher than current technologies. 
This columnar architecture (Figure 7) has high 
surface area, superior light trapping and minimizes 
the recombination of electrons due to the high 
spect ratio metalic core [30]. 

3.10. Carbon nanotube 

Carbon nanotube (CNT) [32] may be used in solar 
cells fabrication, where they replace the ITO glass 
substrate using a roll-to-roll printing process to 
decrease the cost of manufacturing. An example is 
the use of single wall carbon nanotube (SWNTs) in 
a film for anode, and a bulk - heterojunction (BHT) 
PEDOT: PSS for HSC device [32]. The SWNTs 
was used with an PEDOT: PSS polymer and has a 
PCE of 2.5 % [32]. It was also used as electrode in 
solar cell dye sensitized or organic solar cells.  

4. Nanoparticles for HSC 

Based on the efficiency data available in the 
literature for HSC, Figure 8 was generated to 
correlate the shape of nanoparticles use in HSC and 
conversion efficiency. The highest performance 
was obtained for CIGS nanowires based solar cell 
produced by template synthesis with an efficiency 
of 6.18%. HSC dye - sensitized solar cells based on 
TiO2 quantum dot (QD) shows an efficiency of 
5.32% compared to nanotube (4.24%) and nano-
wires (6%). The lowest efficiencies were obtained 
for HSC made with nanoparticles and nanorods of 
low aspect ratios. 

5. Conclusions and perspectives 

Research community has recently devoted a lot of 
efforts to understand the relationship between 
synthesis of nanoparticles, their shape and size, 
and the efficiency of solar cells that uses them. 
Our study shows that the power conversion 
efficiency is affected by the form of nanoparticles, 
which represent the most important part of the 
hybrid device. Hybrid solar cells have a 

 

Figure 7. Nanocable (core – shell) structure of 
CdTe/CdS for the 3D generation solar cells [R. Vidu]. 

 

Figure 8. Efficiency of solar cells for various 
nanoparticle shapes 
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conversion efficiency of light into electricity rather 
low compared to Si and thin film cells, but have a 
higher efficiency than organic cells. In addition, 
they have the great advantage of being not 
expensive and to be produced by roll-to-roll 
printing method. These benefits bring the hybrid 
solar cells into the investor’s attention and 
improvements in conversion efficiency is expected 
from HSCs in the near future, when high-aspect 
ratio nanoparticles are used in the design of cell 
architecture. 
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