
Editorial
Thin-Film Photovoltaics 2013

Gaetano Di Marco,1 Antonino Bartolotta,1 Francesco Bonaccorso,1 Stefano Caramori,2

Giuseppe Calogero,1 and Leonardo Palmisano3

1 CNR-IPCF, Istituto per i Processi Chimico-Fisici, Viale Ferdinando Stagno d’Alcontres 37, 98158 Messina, Italy
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This special issue is the third edition in a series that has the
purpose to collect original contributions by specialists in the
field of thin-films photovoltaics (PVs). The fundamental
mechanisms at the base of architectures and working prin-
ciples of PV devices have been investigated both theoretically
and experimentally. Particular attention has been paid to key
aspects such as electronic transport in semiconducting mate-
rials, modelling, structural investigation, sensitizing agents,
and so forth, with the aim to increase the efficiency of PV
technologies. The contributions are very heterogeneous and
although, for some articles, just proofs of principle devices are
presented, for others a more viable commercial application
can be foreseen. Here we give a brief overview, highlighting
the main results, of the articles enclosed in this volume.

In “The effects of malonic acid derivatives and acetic acid
derivatives as coadsorbents on the photovoltaic performance of
dye-sensitized solar cells”, the coadsorption of malonic acid
and acid derivatives are instrumental in improving both pho-
tocurrent and photovoltage of solar cells.This is probably due
to suppression of self-quenching of the excited states and in-
creased electron-injection yields, in parallel to suppression of
electron recapture by I

3

−.
In “Dye-sensitized solar cells with anatase TiO2 nanorods

prepared by hydrothermal method”, the photoanode in the
dye-sensitized solar cell (DSSC) can be optimized by improv-
ing the electron collection efficiency, as consequence of the
exploitation of nanocrystalline materials with high purity,
well-controlled crystallinity, and enhanced surface area such
as hydrothermal anatase nanorodswith a large surface rough-
ness. These nanostructures can also be associated with TiO

2

nanoparticles to prepare highly efficient multiple layer pho-
toanodes.

In “Nanostructured ZnO, TiO2, and composite ZnO/TiO2
films for application in dye-sensitized solar cells”, efficiency and
stability of photoanodes obtained from composite semicon-
ductor films (ZnO/TiO

2
) and sensitized with the organic

molecules Coumarin 343 and Rose Bengal are investigated. It
is observed that DSSCs with ZnO/TiO

2
ratio equal to 90/10

have higher stability than the other cells. The performances
of DSSCs using various multicomponent electrolytes are
assessed.

In “Spectroscopic and morphological studies of metal-
organic andmetal-free dyes onto titania films for dye-sensitized
solar cells”, the spectroscopicbehavior of cis-di(thiocyanato)
bis(2,2-bipyridyl-4,4-dicarboxylato)ruthenium(II) (N719),
3-(5-(4-(diphenylamino)styryl)thiophen-2-yl)-2-cyanoacrylic
acid (D5), and a push-pull zinc phthalocyanine sensitizer
(ZnPc) adsorbed onto three types of titania thin films with
different morphology were investigated. The mesoporous
titania films deposited by spin-coating and by doctor-blade
were compared with P25 (Degussa) titania deposited by doc-
tor-blade. The use of mesoporous structure allows increasing
the dye loading and it is considered promising to realize thin
titania photoanodes with high harvesting properties.

In “Effects of hole-collecting buffer layers and electrodes on
the performance of flexible plastic organic photovoltaics”, the
influences on the performance of flexible plastic organic pho-
tovoltaic (OPV) devices caused by the sheet resistance of
hole-collecting electrodes (ITO) and by the conductivity of a
hole-collecting buffer layers are investigated in detail. These
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results indicated that the series resistance originating from
the limited surface conductivity may quickly become a major
issue to consider in the fabrication of large area cells.

In “Photovoltaic performance of ZnO nanorod and
ZnO:CdO nanocomposite layers in dye-sensitized solar cells
(DSSCs)”, a triphenylene diamine sensitizer was synthesized
and its absorption spectra, electrochemical behavior, and
photovoltaic performance for a potential application in
DSSCswere investigated. In the study two different electrodes
are employed: ZnO nanorod and ZnO:CdO nanocomposite.
The best photovoltaic performance was demonstrated with
the ZnO:CdO nanocomposite electrode based DSSCs with
respect to the ZnO nanorod electrode one.

In “Effects of anodic buffer layer in top-illuminated organic
solar cell with silver electrodes”, a relatively efficient molecular
planar heterojunction is achieved by spinning a buffer layer of
PEDOT:PSS on Ag-AgOx anodes. The PEDOT:PSS thin film
separates the active layer far from the Ag anode preventing
metal quenching and redistributing the strong internal opti-
cal field toward dissociated interface.The thickness andmor-
phology of this anodic buffer layer are the key factors in deter-
mining device performances.

In “Effect of bandgap graded absorber on the performance
of a-Si

1−xGex:H single-junction cells with 𝜇c-SiOx:H N-type
layer”, the effect of bandgap grading of absorbers on the per-
formance of a-Si

1−xGex:H cells using 𝜇c-SiOx:H n-layer is re-
ported.The influence of the p/i and the i/n grading widths on
carrier collection and photon absorption in the cells were
evaluated in terms of external quantum efficiency (EQE),
total reflection spectra of cells, and the J-V measurement.
Compared to those without grading, these cells show im-
proved efficiency from 5.5 to 7.5%.

In “Numerical simulation of luminescent downshifting in
top cell of monolithic tandem solar cells”, the performances in
monolithic tandem solar cells is limited by the short-circuit
current density matching between the top and the bottom
cells. A theoretical survey of the luminescence downshifting
approach for this device, in order to increase the short circuit
current density in the top cell, is presented. The PV glass
encapsulation material is replaced with Poly(methyl metha-
crylate) which is doped with diverse kinds of organic dyes.

In “Effectively improved SiO2-TiO2 composite films applied
in commercial multicrystalline silicon solar cells”, a sol-gel
spin-coating technique for fabricating composite films, alter-
native to plasma enhanced chemical vapor deposition
(PECVD) for fabricating antireflective coatings (ARCs), use-
ful to increase the efficiency of multicrystalline solar cells, is
proposed.This result proves that sol-gel-depositedARCs pro-
cess has potential applications in manufacturing low-cost,
large-area solar cells.

In “Effect of hydrogen content in intrinsic a-Si:H on per-
formances of heterojunction solar cells”, the influences of hy-
drogen content in intrinsic hydrogenated amorphous silicon
(i-a-Si:H) on performances of heterojunction (HJ) solar cells
are investigated. Simulation and experimental results are per-
formed to evaluate solar cells with higher i-layer hydrogen
content and HJ solar cells with low hydrogen, respectively.
The presence of voids and Si particles is explained from
plasma point of view using optical emission spectroscopy.

In “Characterization and modeling of CdS/CdTe hetero-
junction thin-film solar cell for high efficiency performance”,
device simulation is used to investigate the photoelectric effic-
iency in CdTe/CdSc solar cell. The roles of several limiting
factors such as back contact Schottky barrier, doping density,
thickness, recombination velocity, and extended CdTe layer
are examined. Results obtained indicate that higher perfor-
mance efficiency may be achieved by adding and optimizing
an extendedCdTe electron reflector layer at the back Schottky
contact.

In “Enhanced photoelectrochemical response from copper
antimony zinc sulfide thin films on transparent conducting elec-
trode”, it is reported that the presence of zinc in copper anti-
mony sulfide thin films influenced the photoelectrochemical
performance and in particular gave rise to an enhancement of
the photocurrent. A detailed investigation was carried out by
changing the stoichiometry of films and the correspond-
ing surface and optical characterization results have been
evaluated.

In “Material properties of laser-welded thin silicon foils”,
the properties of extended monocrystalline silicon base foils
consisting of individual thin silicon wafers welded together
are studied.The different approaches of (i) laser spot welding
with low constant feed speed, (ii) laser line welding, and (iii)
keyhole welding were compared. The cross-sections of the
foils were analyzed by electron backscatter diffraction to
reveal changes in the crystal structure after laser irradiation.
The induced internal stress was investigated bymicro-Raman
analysis. The keyhole welding was found to be the most fav-
orable process to produce thin silicon foils.

In “Advantages of N-type hydrogenated microcrystalline
silicon oxide films for micromorph silicon solar cells”, a detailed
investigation on the advantages to use N-type hydrogenated
microcrystalline silicon oxide films in micromorph silicon
solar cells is reported. The electrical and optical properties of
the micromorph silicon solar cells were evaluated via the
open circuit voltage, fill factor and the short circuit density.

In “Enhanced efficiency of GaAs single-junction solar cells
with inverted-cone-shaped nanoholes fabricated using anodic
aluminum oxide masks”, the growth and fabrication of GaAs
solar cells with various methods are investigated. Anodized
aluminumoxidemasks were prepared from an aluminum foil
by a two-step anodization method. Nanoholes were formed
on the top surface of the solar cells after the anodized alu-
minum oxide mask removal. Photovoltaic and optical char-
acteristics of the GaAs solar cells in the presence and in the
absence of the nanohole arrays and the dependence of the
efficiency enhancement on the etching depth of the nano-
holes were investigated.

In “Thin film CIGS solar cells, photovoltaic modules, and
the problems of modeling”, are focused on the methodological
problems ofmodeling at cell structure and photovoltaicmod-
ule levels for thin film CIGS solar cells. The structural cell
simulation and the five-parameter analysis of a commercial
CIGS module have been described. From their comparison,
the authors have extracted the values of the local parasitic net-
work resistance to be associated with the structural simula-
tion of the cell, thus obtaining a good agreement between the
two models.
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In “Reliability analysis of III-V solar cells grown on recycled
GaAs substrates and an electroplated nickel substrate”, the reli-
ability of III–V solar cell grown on new/recycled GaAs sub-
strate and thin-film solar cell transferred on electroplated Ni
substrate has been explored. The work aims to achieve two
basic goals. The first is to provide a thin-film solar cell char-
acterized by high heat dissipation values and, in this context,
the thermal conductivity 𝜅 of Ni (=91W/m⋅K) is better than
that of GaAs (55W/m⋅K). The second target is to reuse the
GaAs substrate after the epitaxial lift-off processing for cost
reduction.

In “Optical and structural investigation of CdSe quantum
dots dispersed in PVAmatrix and its photovoltaic application”,
the effect of the concentrations of the cadmium source on the
optical properties of CdSe quantum dots (QDs) dispersed in
polyvinyl alcohol (PVA) matrix thin films was investigated
through UV-Vis absorption spectroscopy. The CdSe QDs
were synthesized via simple heat induced thermolysis tech-
nique. The structural analysis, particle size determination,
and morphological studies of the CdSe/PVA nanocomposite
thin films were done with the help of X-ray diffraction (XRD)
and transmission electronmicroscopy (TEM). Furthermore a
CdSe/CdTe based solar cell was prepared and its photovoltaic
parameters were measured and reported.

In “Near infrared lateral photovoltaic effect in LaTiO3
films”, LaTiO

3
(LTO) films grown epitaxially by physical layer

deposition (PLD) on SrTiO
3
(STO) substrate have shown

great potential application in NIR position-sensitive detector.
The irradiated as-grown LTO/STO structure presented a near
infrared lateral photovoltaic effect, with the open-circuit pho-
tovoltage of the LTO film dependent on the laser beam posi-
tion. It was demonstrated that photosensitivity can be modi-
fied with bias current.

In “Effect of TCO/𝜇c-Si:H interface modification on hydro-
genated microcrystalline silicon thin-film solar cells”, a very
thin aluminum-doped zinc oxide (AZO) coating (3–5 nm)
was capped onto the textured fluorine-doped tin oxide (FTO)
glass to maintain high light trapping and preserve the quality
of the TCO/𝜇c-Si:H interface for c-Si:H single-junction solar
cells. The AZO coating avoids the Sn reduction on the FTO
surface during the Si-based thin-film deposition with hydro-
gen rich plasma exposure.The as-obtained𝜇c-Si:H cell exhib-
ited a significantly higher 𝐽SC from 15.97 to 19.40mA/cm2 and
an increased conversion efficiency from 5.69% to 7.09%, with
respect to standard FTO photoanode.

In “Effect of sulfurization temperature on properties of
CZTS films by vacuum evaporation and sulfurization method,”
copper zinc tin sulfur thin films (CZTS) thanks to their high
absorption coefficient are suitable absorbers for thin-films
solar cells. CZTS were prepared on glass substrates by vac-
uum evaporation and sulfurization method. The optimiza-
tion of the thin-films deposition and sulfurization tempera-
ture permitted a control on their crystallite size, density, and
consequently the electrical properties. The authors reported
1.49 eV, 9.37Ω⋅cm, 1.714 × 1017 cm−3, and 3.89 cm2/(Vs) for
band gap energy, resistivity, carrier concentration, andmobil-
ity of the CZTS thin films, respectively.

In “C-V calculations in CdS/CdTe thin films solar cells with
a 𝐶𝑑𝑆

𝑥
𝑇𝑒
1−𝑥

interlayer”, theoretical effect of interlayer

ternary compound CdS
𝑥
CdTe
1−𝑥

formation in CdS/CdTe
solar cell, due to chemical interdiffusion interface, was evalu-
ated.The authors predicted how the ternary layer acquires the
properties of CdS behaving like an N-type semiconductor.
The understanding of this “additive” interlayer will be useful
for the optimization and efficiency improvement of CdS/
CdTe thin-film solar cells.
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