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ABSTRACT: Schottky-barrier solar cells (SBSCs) represent low-cost candidates for
photovoltaics applications. The engineering of the interface between absorber and front
electrode is crucial for reducing the dark current, blocking the majority carriers injected into
the electrode and reducing surface recombination. The presence of tailored interfacial layers
between the metal electrode and the semiconductor absorber can improve the cell performance.
In this work, we engineered the interface of a graphene/n-type Si SBSC by introducing a
graphene-based derivative (GBD) layer meant to reduce the Schottky-barrier height (SBH) and
ease the charge collection. The chemical vapor deposition (CVD) parameters are tuned to obtain
the two graphene films with different structure and electrical properties: few-layer graphene

(FLG) working as transparent conductive electrode and GBD layer with electron-blocking and
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hole-transporting properties. Test SBSCs are fabricated to evaluate the effect of the introduction
of GBD as interlayer into the FLG/n-Si junction. The GBD layer reduces the recombination at
the interface between graphene and n-Si, and improves the external quantum efficiency (EQE)
with optical bias from 50 % to 60 %. The FLG/GBD/n-Si cell attains a power conversion

efficiency (PCE) of ~5 %, which increase to 6.7 % after a doping treatment by nitric acid vapor.

1. Introduction

In the field of silicon (Si) photovoltaics, Schottky barrier solar cells (SBSCs) based on
graphene/n-Si junctions represent an innovative and interesting case study for the integration
of two-dimensional materials into consolidated cell architectures and fabrication processes.
Graphene and related materials are ideally suited for the fabrication of stacked structures, either
in novel device configurations or in conjunction with “classic” photovoltaic (PV) materials. ™
Graphene in the SBSC serves not only as transparent conductive electrode, but can also
contribute as an active layer for carrier separation and hole transport. 21 This kind of solar cell
represent a low-cost and high-efficient alternative to traditional Si solar cells based on p-n
junctions. (29 |n fact, these cells can be fabricated by simply transferring a graphene film onto
n-Si substrate at room temperature, making the fabrication process less expensive and easier in
comparison to traditional Si solar cells. Power conversion efficiency (PCE) of graphene/n-Si
SBSCs passed from 1.5 % [ to 15.6 % [ in only five years, by implementing a various kinds
of graphene films and optimization strategies: multilayer films, 2% chemical doping
treatments, (1418 the introduction of antireflection coatings or light-trapping layers, 161719211
the engineering of interface between graphene and Si. 1122261 Nevertheless, the PCE of these
cells are still much lower than that of state-of-the-art crystalline Si solar cells. Interface
engineering is crucial in Schottky heterostructures based on graphene, as already reported for
graphene/GaAs, 239 graphene/InP B and graphene/CdTe solar cell. 2%, The performance

of graphene/n-Si SBSCs is highly affected by the recombination of the charge carriers at the
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interface between graphene and Si due to the low Schottky barrier height (~0.6-0.7 eV), much
smaller than that of traditional Si solar cells, which causes a large leakage current and thus a
low open circuit voltage (Vo). ¥l One approach to reduce charge recombination at the interface
and improve the performance of the cell consists in engineering the interface by adding
interfacial layers. Such layers can play a key role in suppressing the charge recombination and
improving the Vo of the cell. A thin native oxide layer (~2 nm) between Si and graphene can
act as a passivation layer, reducing the influence of surface defects and reverse dark saturation
current, thus improving the Voc. By optimizing the thickness of the native oxide layer a high
PCE of 15.6 % has been achieved. [l The insertion of an insulating layer in the graphene/n-Si
junction forms a metal-insulator semiconductor (MIS) structure. ™! In MIS configuration, the
additional insulating layer works as an electron blocking layer preventing the diffusion of
electrons (majority carriers) from n-Si to graphene and thus reducing the carrier recombination.
An appropriate band alignment between the insulating layer and the n-Si can also reduce the
effect of hole (minority carrier) transport from n-Si to graphene, but the insulating layer should
be uniform and very thin (down to atomic thickness) to avoid increasing the series resistance
(Rs). SBSCs with optimized interfacial layers of aluminum oxide (Al,O3) 25381 or hafnium
oxide (HfO2) [? have been reported to achieve stable, high-efficiency graphene/n-Si junction.
2D materials have been also investigated as interfacial layers: it was reported that MoS>
monolayer 24371 and hexagonal boron nitride (h-BN) [2®381 work as effective electron-
blocking/hole-transporting layers, and graphene oxide (GO) 233 could effectively suppress
the interface recombination of graphene/Si solar cells and increase the V.

Recently, carbon nanomaterials have been engineered and efficiently introduced in the
architecture of innovative PV technology, 1% such as organic [“**4 and perovskite-based solar
cells. 41 Among the many carbon nanomaterials, graphene-based derivatives 854 are
particularly relevant in the PV context, given the possibility of fine-tuning their properties (e.g.,

optical, electronic, mechanical, etc.) according to the device requirements. 2 In the present
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work, we report on the use of a graphene based derivative (GBD) made by chemical vapor
deposition (CVD) to be used in a SBSC as interfacial layer between few-layer graphene (FLG,
acting as transparent conductive electrode) and n-Si (the absorber). Specifically, this GBD is
grown by ethanol-CVD at ~ 800° C (i.e., a temperature 200° C lower than the standard one used
to grow graphene) 5354 and as a result its lattice is less crystalline on the long range than pristine
graphene and contains heterogeneous groups composed of a mixed phase of sp%/sp3-hybridized
carbon atoms such as hydrogenated (C—H), carboxyl (C—O—H), or epoxide (C—O—C) bonds.
[ These features reflects in a higher sheet resistance than graphene’s, as well as modified UV-
vis absorbance and work function. 4 The structural and electronic properties of the GBD were
measured by Raman spectroscopy, atomic force microscopy, scanning Kelvin probe and UV-
vis absorption spectroscopy. FLG and GBD were integrated into the SBSC architecture by
direct transfer of carbon films on Si substrate at room temperature, % thus at a lower
temperature than the conventional Al2Os or HfO: insulating layers deposited by Plasma
enhanced chemical vapor deposition (PECVD) at 600°C and Atomic Layer Deposition (ALD)
at 200°C. 2526361 The GBD, acting as non-conductive hole transport layer, 4 reduces the
recombination at the interface and improves the overall cell performance. The devices were
tested in dark and light conditions, and the results were compared with a reference solar cell
without interfacial layer. FLG/n-Si junction with the GBD interlayer showed a PCE of 4.8 %,
associated to an increase of SBH, and a decrease of Rs and ideality constant (1)), confirming the
reduction of the recombination sites at the interface. A molecular doping treatment (by HNO3
vapors) was performed on the solar cells with GBD interlayer. The effects of molecular doping
on the GBD and, in turn, on the cell performance have been investigated. After the treatment,

the cell’s PCE increased up to 6.7 %.

2. Experimental Section

2.1. Graphene growth and transfer
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Graphene-based films were grown by CVD of ethanol on Cu substrates by varying the process
temperature: FLG at 1070 °C and GBD at 790 °C, as previously reported. #4561 The CVD
apparatus consists of a cold-wall chamber, made of a quartz tube equipped with an inductively
coupled graphite susceptor heater. The heater is excited by a 3 kW (maximum power) radio
frequency current source, which is modulated by the signal of a thermocouple buried inside the
graphite susceptor. This configuration presents various advantages over classic CVD system as
the reduction of the contamination connected to the quartz tube ageing, 7 fast heating, and a
precise control on the process start/end time. After the growth, cyclododecane was used to
support the films during the transfer process: °® the Cu substrate was etched in ammonium
persulphate and then the films were rinsed in DI water before they were transferred onto
different target substrate for fabrication of the cells and for characterization. After the film
transfer, the substrates were heated for 60 min at 60°C to help cyclododecane sublimation, and

then to 90°C for 20 min for final drying.

2.2. Sample characterization

Micro-Raman (p-Raman) measurements were carried out on FLG and GBD transferred onto
Si/SiO2 substrates by HORIBA Scientific LabRAM HR Evolution Raman spectrometer
equipped with an integrated Olympus BX41 microscope and a laser-source at 532 nm. A laser
power < 1mW was focused on a 0.7 um wide spot on the sample surface using a 100x objective
minimizing sample heating and possible damages. Atomic force microscopy (AFM)
measurements were carried out in air by AIST-NT SPM AFM microscope working in tapping
mode and using commercial Si probe with spring constant k = 1.8 + 13 Nm™ and oscillation
frequency from 110 to 220 kHz. Optical transmittance spectrum of the FLG/GBD stack
transferred on quartz was acquired with UV-vis-NIR PerkinElmer LAMBDA 950
spectrophotometer. The work function (Wf) evaluation of FLG has been carried on through the

Kelvin probe technique using an SKP5050 Scanning Kelvin probe (KP Technology), a
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contactless and non-destructive vibrating capacitor device used to measure Wf of conducting
materials or surface potential of semiconducting or insulating surfaces. The instrument
measures a potential gradient, termed the contact potential difference (CPD) related to the Wf
difference between the sample and the reference tip of the instrument. It was possible to perform
2D scanning of the surface. A 0.286 mm scanning step was used. The sheet resistances of the
two layers were measured by four-point probe method in Van der Pauw configuration

(NNPSON RESISTAGE RG-8).

2.3. Solar cell fabrication

Polished Si substrates ([100]-oriented, n-doped, 1 Q cm), with thermally grown SiO> layer (300
nm) were patterned by photolithography and wet-etching of the oxide (by hydrofluoric acid
solution) to prepare square windows with an active area of 0.09 cm?2. The front and back
contacts were realized by evaporating Ti/Au on the SiO. and a Ti/Pd/Ag trilayer on the back
side of the n-Si, respectively. ¥ Before the transfer of the graphene-based films, HF was used
to remove native Si oxide from active area of the cell. The graphene-based films were
transferred onto the cells by scooping the floating films kept in DI water after the rinsing process
(last step of the Cu etching process). SBSCs with two configurations were fabricated to study
the effects of GBD interlayer in the cell architecture: (i) reference cell with FLG as top
conductive electrode (FLG/n-Si); (ii) cell with a GBD interlayer (FLG/GBD/n-Si). Unlike the
top graphene that entirely covered the Au/Ti front electrode, the GBD was removed from the
Au electrode and covered only the active area. The device schematics is reported in Figure 1.
A control cell with a double GBD interlayer (i.e., two GBD film transferred sequentially) was
also fabricated to verify the effect of the GBD thickness on the device performance. Molecular
doping was performed by exposing the top part of the cells to HNO3 vapor (from a 70 % solution

diluted 1:1 in deionized water) at room temperature for 3 min. 8
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Figure 1. Schematic illustration of the fabricated devices left, reference solar cell based on
FLG/n-Si junction (FLG/n-Si), right, solar cell with single GBD between single FLG and n-Si
(FLG/GBD/n-Si).

2.4. Solar cell characterization

The solar cells were characterized by external quantum efficiency (EQE) and current density—
voltage (J-V) measurements. EQE measurements were carried out without and with an
appropriate white-light bias (optical bias, OB) to bring the cell close to the operation condition
with a Bentham PVE300 apparatus (Reading, U.K.) calibrated with a Si detector and using a
probe light with a spot size much smaller than the cell area. Illuminated J-V characteristics were
performed with a Keithley 228a voltage/current source (Keithley Instruments Inc., Cleveland,
USA) and HP 3478A multimeter measure unit (Palo Alto, USA). White light illumination was
provided by a class AAA solar simulator from WACOM (model WXS- 155S-L.2) equipped
with a 1000 W Xenon lamp and a 400 W Halogen lamp. The light intensity was calibrated using

a mono-Si reference cell in standard test conditions (25° C, AM1.5G, 1000 W/m?).

3. Results and discussion

3.1. Structural characterization of graphene and GBD layers

Raman spectra of the FLG and GBD films are reported in Figure 2a. Both spectra exhibit the
characteristic D, G and 2D peaks, respectively at ~ 1350 cm—1, ~ 1580 cm—1, ~ 2700 cm—1.
51 D to G (Ip/lc) and 2D to G (I2n/lg) intensity ratios are used to provide quantitative

information on graphene’s defect density and thickness, respectively. 5% The spectrum of
7
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FLG reported in Figure 2a has lp/lc < 1 and Ip/le ~ 0.13, confirming the formation of few-
layer graphene [ with low defect density [°1. The spectrum of GBD is also reported and
confirms the structural characteristics of films grown in the same conditions. [*4 The D, G and
2D peaks are still present, but in this case the D peak strongly intensifies and the defect-related
D’ peak at ~ 1620 cm™* appears. 1445962831 The high value of Ip/lg intensity ratio (~ 3.2) is
typical of defective carbonaceous film. ¥ A similar very sharp D peak was already observed
in functionalized graphene, ¥ and in hydrogenated graphene grown at 650° C by plasma-CVD.
(651 Raman analysis showed that the GBD film is less crystalline on long-range, having sp?
graphene domains with lateral size of a few tens of nm, and a high percentage of sp* carbons
along grain boundaries. A detailed analysis on the nature of the defect in the GBD film can be
found in a previous work. 4 AFM measurements performed on a FLG/GBD stack on SiO:
give information about the thickness of each layer (Figure 2b). These measurements showed
that the thickness of FLG and GBD are 2.2 nm and 1.1 nm, respectively. These values are
compatible to 4-6 layers for FLG and 1-2 layers for GBD, in agreement with the results
extracted from Raman spectroscopy. The measured thickness values take into account of the
presence of water buffers between the stack and SiO, and between each layers of the stack. 6
681 \We measured the UV-vis absorption of FLG/GBD stack transferred onto quartz substrate
and the result has been compared with the absorption of graphene (Figure 2c¢). The absorption
spectrum of the stack is dominated by a pronounced peak at ~ 270 nm (4.6 eV). At the same
wavelength, graphene shows a peak due to electron-hole (excitonic) interactions and interband
transition from the bonding to the antibonding n-states. The transmittance of the stack has the
maximum value of ~ 85 % in the UV region, below 250 nm (~ 5 eV), while is ~ 80 % for 600
nm < A < 800 nm. Wf scanning of FLG onto Si is reported in Figure 2d. The resulting WT for
FLG is 4.7 eV, a higher value with respect to the theoretical calculations %% since the Cu etching
process can have a slight p-doping effect on graphene. [l The sheet resistance measured for

FLG and GBD films are 0.5 and 124 kQ/sq, respectively.
8
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Figure 2. (a) Raman spectra of FLG and GBD, (b) AFM measurement on FLG/GBD stack on
Si/SiO2 with relative height profile, (c) transmittance of FLG/GBD stack onto quartz substrates,
compared with transmittance of graphene, (d) scanning Wf of FLG onto Si substrate.

3.2. Solar cell characterization

J-V characteristic under dark condition and the corresponding In(J)/V curves of FLG/GBD/n-

Si compared with FLG/n-Si SBSC are reported in Figure 3a.
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The reverse saturation current density (Js) is estimated to be 8.9 x 107* mA/cm? in FLG/n-Si
cell, while it decreases to 4 x 10* mA/cm? in FLG/GBD/n-Si cell. This highlights that the
carrier recombination is reduced thanks to the GBD interlayer in the junction. On the contrary,
when adding two GBD films as interlayer (FLG/2GBD/n-Si), Js increases to 3.8 x 1073 mA/cm?
indicating the presence of a large quantity of trap states among the interfaces. The series
resistances Rs were extracted from the slope of the linear fitting to the curves of dVv/d(Inl) vs |
(Figure 3b). " Rg is reduced from 216 Q to 178 Q with the GBD interlayer (110  in case of

two GBD films). To understand the physical mechanism behind the SBSC behaviour, the band

diagram of the cells is depicted in Figure 4.

Interface. g
defects

(a) (b) (c)

Figure 4. Schematics of band diagrams for (a) FLG/n-Si, (b) FLG/GBD/n-Si and (c)
FLG/2GBD/n-Si SBSCs.

The GBD interlayer has a valance band maximum of 4.9 eV, while n-Si has the
conduction band minimum and valence band maximum of 4.05 and 5.17 eV, respectively. Upon
irradiation, electron—hole pairs generated in Si diffuse across FLG/n-Si interface, where they
are separated by the built-in electric field of the heterojunction (Figure 4a). The presence of
thin GBD interlayer modifies the band alignments increasing the SBH [ (Figure 4b). This
increase hinders the photo-generated electron transport in Si, hence reducing the leakage current.
In addition, the valence band bending facilitates the photo-generated hole transport, reducing
the loss due to carrier recombination. In summary, the interlayer works as an hole transport

layer, while also acting as an electron blocking layer and reducing the carrier recombination at

10
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the anode. Therefore, the interlayer lowers the saturation current density and hence increases
the open circuit voltage of the device. If the interlayer thickness is doubled (as in the case of
two GBD films), the probability of charge carrier tunneling lowers, causing the accumulation
of holes near the interface; this results in high recombination. The recombination centers are
further increased by the GBD transfer process that introduce interface defects, as already seen
in graphene/h-BN/GaAs heterostructures. ?°! The schematics diagram of carrier separation
processes in FLG/2GBD/n-Si SBSCs is shown in Figure 4c. The analysis of the dark J-V
characteristics gives information on the diode characteristics of the cells. The diode
characteristics of a Schottky junction is described by thermionic emission theory of majority

carriers over the Schottky barrier according to equation (14
=5 o (%) - 1] @
where 1) is the ideality factor, Rs the series resistance, kg is Boltzmann’s constant (k=8.62x10

® eV/K), T is the temperature in Kelvin, q is the electronic charge (1.6x107° C) and the

saturation current density Js is described by the equation

AT exp (= 26PH)
Js = A'T? exp (- £22) )

where A" is the effective Richardson constant. The SBH values, evaluated by taking the slope

at the forward bias linear region of In(J)-V curve (inset of Figure 3a), are reported in Table 1.

Table 1. The diode characteristics of Schottky junctions reported in Figure 3

Device SBH n Rs
[eV] [Ql

FLG/n-Si 0.78 21 216
FLG/GBD/n-Si 0.87 1.6 178
FLG/2GBD/n-Si 0.70 35 110

For FLG/n-Si, the SBH is estimated to be 0.78 eV, in agreement with the workfunction
value measured by scanning Kelvin probe. The SBH increases when the GBD interlayer is

added (0.87 eV). The n values were also extracted from In(J)-V curve: the introduction of the

11
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interlayer reduces n from 2.1 to 1.6, as previously reported for undoped FLG/n-Si diodes. [*4]
With two GBD films as interlayer, the diode curve showed a non-linearity at the lower bias.
This is due to the presence of leakage currents usually attributed to generation and
recombination of carriers in the charge space region, field emission and thermionic field
emission or surface/edge effects that may lead to local barrier lowering. 273 In this case the
SBH is 0.70 eV, lower than the SBH found for the other cell configurations, and n increases to
3.5. [ Additional characterization is presented in Figure 5, which shows the EQE of the cells

acquired with and without OB.

60 a)
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Figure 5. EQE curves without (a) and with (b) OB of G /n-Si (blue) and FLG/GBD/n-Si (red)
SBSCs.

The EQE curves acquired without OB are identical for the two cells (Figure 5a). They
reach a value of ~60 % in the wavelength range 600 nm < A <800 nm, in line with state-of-the-
art Si solar cells. [ Evaluating EQE with OB, the cells show a different behavior: FLG/GBD/n-
Si shows an unchanged EQE curve with maximum efficiency at ~ 60 %, while FLG/n-Si shows
a low efficiency of ~ 50% (Figure 5b). This result indicates that the introduction of the GBD
interlayer significantly improves the electron-hole pair separation and collection by the
corresponding electrodes. Since the photogeneration for the device without and with the

interlayer is identical, the higher EQE observed with the GBD is due to more efficient charge

12
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separation and charge collection as a result of increased SBH and reduced recombination

centers at the interfaces.

3.3. Doping treatment

Doping treatment can induce modification in the graphene lattice, resulting in an effect
on the vibrational modes probed by Raman spectroscopy. 4% |t is possible to obtain
information about carriers concentration and strain by evaluating the G and 2D bands
frequency. [">"1 FLG layer after doping was largely discussed in previous work, confirming a
p-doping with a doping level of ~ 2 x 10'® cm2. [®1 To evaluate the effects of doping on GBD,
the correlation between the Raman shift of the G and 2D band was studied. [’ Points in the
map in Figure 6 corrispond to Raman spectra acquired on the GBD films transferred on Si/SiO»,
before and after the doping treatment. The points are located between two axes that describe
the pure strain with a slope of 2.45 78] (solid black line in Figure 6) and the pure doping with a
slope of 0.7 "% (solid gray line in Figure 6). The origin of this coordinate system (1582 cm™,
2670 cm™) corresponds to undoped and unstrained graphene for excitation energy equal to 2.33
eV. [ The point distribution in the map is due to in-homogeneity of the sample but it was
possible to extimate doping and strain evaluating the center of point cluster. [l
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Figure 6. G-2D Correlation map for GBD layer. The solid black line and the solid gray line
represent the pure strain and pure doping, respectively. The dashed line represent the projection
on strain and doping axes.
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Pristine GBD appears characterized by an intrinsic doping of ~ 0.7 x 103 cm due to
the different nature of GBD in respect the pristine graphene. After doping treatment, the point
distribution moves to a compressive strain of -0.15% and doping of ~ 1.1 x 10'® cm™. This
result shows that the doping treatment works differently on the two layers, with a less significant
doping on GBD. The J-V characteristics under illumination were acquired on FLG/GBD/n-Si
with best EQE performance. The curves were acquired before and after the doping treatment
with HNO3.1'¥l The effect of the doping treatments on FLG/GBD/n-Si J-V curves is reported in

Figure 7 and the photovoltaics parameters are summarized in Table 2.
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Figure 7. J-V curve of FLG/GBD/n-Si under illumination in standard condition, before and
after doping treatment with HNO3

Table 2. Photovoltaic parameters calculated from curves reported in Figure 7 for
FLG/GBD/n-Si SBSC

Process ste Jsc Voc FF PCE Rs

P MmACm? V][] [%] (0]
Pristine 231 052 394 48 175
Doped HNO3 23.3 053 542 67 78
3min

The pristine cell under illumination shows good photovoltaic characteristics with short circuit
current density (Jsc), open circuit voltage (Voc), fill factor (FF), PCE and series resistance of
23.1 mA/cm?,0.52 'V, 39.4 %, 4.8 %, 17.5 Q, respectively. The molecular doping improves the
cell performance in particular in term of PCE and FF, while reducing the Rs: The FF increases

to 54.2 % and consequently the PCE reaches 6.7 %, while the Rs decreases to 7.8 Q. The
14
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influence of doping on the short-circuit current density (Jsc) is negligible, as already observed
in literature. [*>78 The improvement in the cell photovoltaic parameters by HNO3 treatment can
be attributed to different factors. The molecular doping is expected to decrease the sheet
resistance of graphene [>8 and this leads to a proportional decrease in the Rs of the solar cell,
and to a concomitant increase in the FF. Beside the significant decrease in the graphene sheet
resistance, a volatile oxidant treatment such as the exposure to HNO3s vapor is expected to
improve the uniformity of the Schottky junction by saturating defects at the interfaces. This
should also contribute to decrease the cell Rs, further increasing its FF. ! The effects of ageing
on the doping treatment and on the cell performance were also investigated. The long-term
stability of solar cells is a very important factor in view of commercialization. B% As reported
in our previous work on a FLG/n-Si SBSC, ageing leads to the degradation of the Voc and FF
parameters and to the increase of “the S shape” of the IV curve. ¥ This effect was due to the
instability of graphene doping by volatile compounds (HNOs), which lowered the SBH and
hence decreased the value of Voc. 1520 After three weeks of storage in air, the final effect on
PCE was a 70% reduction with respect to the freshly doped cell, but a complete recovery was
possible upon repeating the doping procedure by exposure to HNOs vapors. A similar
degradation and recovery behaviour was observed in the present study on FLG/GBD/n-Si

SBSC.

4. Conclusion

The role of a graphene-based derivative as interfacial layer in Schottky barrier solar cell made
with few-layer graphene and n-Si was evaluated. J-V curves and external quantum efficiency
measurements confirm that the GBD interlayer reduces charge traps, added by interface states
and recombination centers. It ultimately leads to a decrease of the saturation current and series
resistance, bringing the Schottky barrier height from 0.78 to 0.87 V. The ideality factor is also

reduced from 2.1 to 1.6, demonstrating the reduction of interface recombination processes.
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These improvements derived by the insertion of a GBD interlayer in the FLG/n-Si junction,
were confirmed by the ~ 20% increase in external quantum efficiency (measured under white-
light bias to keeping the cell closer to the operation condition). The insertion of a GBD
interlayer with doubled thickness (made by sequentially transferring two GBD films) results in
charge accumulation at the interface, acting as detrimental recombination centers. This proves
that the GBD film has intrinsically an optimal thickness (~ 1.1 nm) to work as hole transport
layer in this cell architecture, as in the case of organic solar cells. The effect of a doping
treatment by HNOs vapour on the cell was also investigated and proved an improvement of all
photovoltaic parameters, raising the power conversion efficiency from 4.8 % up to 6.7 %. This
work sets the basis for the exploration of Si Schottky-barrier solar cells fabricated with
graphene-based films with selected properties (e.g., such as layer number, workfunction,
charge transport behaviour, doping level, etc.) and in different configurations, towards
improved cell performance.
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