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SOLAR CELLS

FIELD OF THE INVENTION

The present invention relates to solar cells and methods of their

fabrication.

REFERENCES

The following references are considered to be pertinent for the purpose of
understanding the background of the present invention:

1 0. Seitz, T. Bocking, A. Salomon, J.J. Gooding, D. Cahen, Langmuir 22
(16): 6915-6922, 2006.

2 A. Salomon, T. Boecking, C.K. Chan, F. Amy, 0. Girshevitz, D. Cahen,
A. Kahn, Phys. Rev. Lett. 95 (26): 266807, 2005.

3 A. Vilan, A. Shanzer, D. Cahen, NATURE 404 (6774): 166-168, 2000.

4 H. Haick, M. Ambrico, J. Ghabboun, T. Ligonzo, D. Cahen, Phys. Chem.
Chem. Phys. 6 (19):4538-4541, 2004.

5. N. Tarr, D. Pulfrey , and D. Camporese, Electron Devices, IEEE
Transactions on 30, 1760 (1983).

6. M. A. El-Sayeda , and S. Abdel-Rady, Desalination 209, 15 (2007).

7. M. A. Green, F. D. King , and J. Shewchun, Sol. Stat. Elec. 17, 551
(1974).

8. E. Glickman, A. Inberg, N. Fishelson , and Y. Shaham-Diamand,

Microelec. Eng. 84, 2466 (2007).



10

15

20

25

WO 2009/095909 PCT/IL2009/000105

2
9. S. Maldonado, D. Knapp , and N. S. Lewis, J. Am. Chem. Soc. 130, 3300
(2008).

10. D. L. Pulfrey, Electron Devices, IEEE Transactions on 25, 1308 (1978).

BACKGROUND OF THE INVENTION

A photovoltaic cell is generally a device that directly converts photon
energy into electrical energy. In semiconductor photovoltaic device, photons of
sufficient energy interact with semiconductor atoms or molecules to produce
negative and positive electrical charge carriers, i.e. electrons and holes, which
can move freely throughout the semiconductor. The device collects electrons at

one electrical terminal and holes at the second electrical terminal before they

‘recombine elsewhere within the semiconductor. To cause these free charge

carriers to flow to their respective terminals, a barrier region is formed between
the two terminals such that electrons move more easily than holes across the
barrier in one direction and conversely for holes in the other direction.

Metal-Insulator-Semiconductor (MIS) solar cell is a type of photovoltaic
cell functioning similarly to Schottky diode (metal/semiconductor contact). Their
photovoltaic characteristics are improved by the addition of an extremely thin
insulating film. In general, the insulating film is made of a natural oxide of the
semiconductor. The thickness of the insulating film is chosen in a way that the
additional potential barrier caused by it, hinders the majority carrier flow from
the semiconductor into the metal. On the other side, however, the minority
carriers must still be able to cross the additional barrier without impairing the fill
factor and the short-circuit current of the solar cells. This requires a
technologically extensive, very precise and regular control and adjustment of the
thickness of the insulating film at a very low level of around 2 nm.

It should be noted that, in principle, in this MIS structure, the close

proximity of the photovoltaic (PV) junction to the solar cell's illuminated side
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allow a bétter solar radiation collection, especially of short wavelengths, than in
standard p-n junction solar cells.

The semiconductor's equilibrium band bending of such MIS structure is
dominated primarily by the difference between the (n-type) semiconductor
electron affinity and the metal work-function, following the Schottky-Mott
model. Then, with the appropriate semiconductor-metal combination (n-
semiconductor / high work function metal; p-semiconductor / low work function
metal) the semiconductor interface is strongly depleted or even inverted. In the
latter case, a p-n homojunction forms underneath the insulating layer. The
current-voltage characteristics of such interface with such depletion / inversion
conditions are as follows:

-in reverse and moderate forward bias: the diode dark current is limited by
thermionic emission of majority carriers over the potential barrier (depletion), or
by minority carrier generation and recombination rates (inversion). In both cases,
forward current increases exponentially with applied bias with a slight difference
in the pre-exponential factor between them, (situation called hereinafter
"semiconductor-limited");

-at higher forward bias: the current rises exponentially with bias until it
equals the rate at which minority carriers are supplied by tunneling from the
metal. Beyond that, the diode becomes "tunneling-limited".

The current under illumination is, ideally, a superposition of the photo-
and dark currents. This is true if the insulator is thin enough and that the
uncompensated photocurrent can flow without entering in the diode "tunneling-
limited" regime. Various analyses [5, 6, 7] show that this notion is valid up to a
1.5 — 2 nm insulator thickness, depending on the energy barrier height within the
semiconductor. With thicker insulators, the fill factor drops rapidly, although the
open-circuit voltage (V) decreases only slightly.

Because of reproducibility, simplicity and time savings factors, it is
desirable to use a physically deposited heterogeneous insulating material.

Because of the extremely low thickness of the insulating layer, however,



10

15

20

25

WO 2009/095909 PCT/IL2009/000105

4

variations of the film thickness or pinholes (microscopic holes) within the
insulating film may be caused by a relatively small roughness on the surface of
the photo-electrically active semiconductor and/or by extremely small dust
particles. They have a very negative effect on the photovoltaic characteristics of

the MIS solar cells, and special protective measures are required.

GENERAL DESCRIPTION

There is a need in the art in improving the performance and simplifying
fabrication and reducing cost associated with the manufacture stage of
photovoltaic cells of the kind utilizing the principles of MIS structures. The
invention uses the advantages of molecular electronics, and provides a novel
solar cell utilizing an electronic (e.g. a molecular electronic) junction. One of the
broad aspects of the present invention is to provide thin insulating films which
will not impair, or even improve the solar cell characteristics under the impact of
light, namely its open-circuit voltage, fill factor and the short circuit current by
using different deposition techniques.

The term "molecular electronics" has been used to describe phenomena or
devices that include an organic molecule as a circuit element. The motivation for
the field is the prospect of making extremely small (potentially one molecule)
electronic components with a much wider range of functions than conventional
semiconductor electronic devices. Molecular devices becoming practical induce a
wide variety of applications in microelectronics, computing, imaging, display
technology and chemical sensing.

Over the last decade, the electronic transport properties of molecular

junctions have been studied more and more. Among such molecular junctions are

 those of a molecular _monolayer,deposited between different types of electrodes.

Metal-Molecules-Metal junctions, with either a single molecule or a molecular
monolayer, sandwiched between two solid contacts were investigated, as well as
Metal-Molecular monolayer —Semiconductor junctions fabricated using self-

assembly technique. It should be noted that in the cases in which saturated
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organic molecules are used to form the molecular monolayer, the resulting
structure is called a Metal-Organic Insulator— Serﬁiconductor (MOIS) structure.

A main advantage of the MOIS structure over its predecessor, (e.g. the
Metal-Insulator-Semiconductor (MIS)), lies in the ability to “tailor” the physical
and electrostatic properties of the insulating layer. The insulator thickness varies
with the length of the molecules. The differences in dark current-voltage
measurements between junctions with alkyl chain molecules of several lengths
have been demonstrated yet [1, 2]. Vilan et all [3] showed that the control of the
metal/semiconductor junction’s Schottky barrier height by changing the
molecules’ chemical end group, and thus changing their dipolar moment is
possible.

The present invention provides a novel solar cell based on the use of the
principles of an MOIS structure. The MOIS structure includes a metal layer, an
organic monolayer acting as an insulator layer and a semiconductor layer.
According to the invention, an insulating layer is made of an organic monolayer
having a high-degree of continuity of the molecules' arrangement within the
layer, thus forming a large area junction. The "large area junction" property
enables a high light collection efficiency of the solar cell.

A variety of organic molecules that can be formed on oxide-free, H-
terminated Si enable the exploration and optimization of the role(s) of the
insulator layer's physical and electronic properties. Self-assembly of organic
monolayers can be done at relatively low temperatures (< 230 °C), and metallic
top electrodes can be deposited non-destructively by various methods, including
bottom-up techniques, such as growing and ripening of nano-particles [8].

The solar cell of the present invention comprises a multi-layer structure
comprising a metal layer, a semiconductor layer; and an organic molecular
monolayer in between the metal and semiconductor layers. The organic
molecular monolayer operates as a thin controllable and functional insulator
layer. The multilayer structure is operable as a MOIS (Metal-Organic-Insulator-

Semiconductor) junction.
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In some embodiments, the organic molecular monolayer has a high-degree
of continuity of the molecules' arrangement within the layer, forming a large area
junction enabling a high light collection efficiency of the solar cell.

The organic molecular monolayer may also be a self-assembled
monolayer, and a passivation layer. The organic monolayer can also be polar, for
example by being composed, in total or in part of dipolar molecules. The organic
molecular monolayer is configured and operable to protect the semiconducting
absorber layer from defects and decrease the number of surface states. The
organic molecular monolayer may be a thiol-terminated alkoxy monolayer or a
methyl-terminated alkoxy monolayer.

In some embodiments, the metal layer is selected from the group
comprising conducting polymer, an evaporated metal grid, a network of carbon
nanotubes, or a thin film made through nanoparticles enhancement. The metal
layer may be semi-transparent to a wavelength range of the solar spectrum being
absorbed by said semiconductor absorber layer.

The semiconductor layer may be an amorphous semiconductor or a thin
film.

In some embodiments, the organic molecular monolayer is a saturated
alkyl chain monolayer and the semiconductor layer is an n-type silicon layer. The
organic molecular monolayer thickness may be tuned using alkyl chain of
different lengths, and this, together with the aforementioned possible polar
character of the organic monolayer enables the optimization of the photovoltaic
conversion efficiency of said solar cell.

According to the present invention, efficient photovoltaic properties of
different organic monolayer deposited on crystalline Silicon are provided. For
example, using an Hg-C12-O- n-Si structure, open-circuit voltages as high as 540
mV, are obtained.

Preferably, the present invention provides molecular junctions of saturated
alkyl chain monolayers, deposited on n-type Si and using different top electrodes

having a photovoltaic activity. The organic monolayer self-assembly may be
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done at low temperatures (180°C-230°C), and the metallic top electrode can be
either indirectly evaporated [4], spin coated using a conducting polymer, or
grown in a bottom-up technique such as by growth and ripening of nanoparticles
enhancement. The electrode can be a conducting polymer, an evaporated metal
grid, a network of carbon nanotubes, or a thin film made through nanoparticles
enhancement.

The inventors have found that a closely packed organic monolayer can
serve as an ideal insulator to form a Metal-Insulator-Semiconductor (MIS)
junction. The thickness of the organic monolayer can be easily tuned using alkyl
chains of different lengths, to optimize the photovoltaic conversion efficiency of
the device. The monolayer acts as passivation layer to protect the interfacial Si
layer from defects and to decrease the number of surface states.

Moreover, the configuration of the photovoltaic cells of the present
invention enables highly efficient light collection, provided by the ultra-thin
insulating layer on top of the semiconducting absorber layer, rather than using
another semiconductor on top of the absorber, as commonly found in p-n hetero-
junction cells, or by having the junction inside the semiconductor as is the case in
most homo junction cells. In the conventional p-n homo- or hetero-junction cells,
the light is absorbed in the top of the semiconductor layer and, thus, less than
fully efficient in generating the photovoltaic effect, except in highly specialized
cells. This reduces the light collection efficiency, especially for short wavelength
light (which is more likely to be absorbed in the top of the semiconductor). In the
photovoltaic cells of the present invention, the light passes directly into the active
area (semiconductor-insulator junction) and is thus exploited better for current
production.

According to another embodiment of the present invention, the organic
monolayer can be used to manipulate the junction barrier height in accordance

with photovoltaic demands.
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According to another embodiment of the present invention, the
semiconductor layer may be an amorphous semiconductors and/or thin films,

reducing the fabrication costs even further.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out

in practice, embodiments will now be described, by way of non-limiting example

-only, with reference to the accompanying drawings, in which:

Fig. 1 is a schematic illustration of a MOIS structure operating as a solar
cell according to one embodiment of the present invention;

Fig. 2 is a graphical presentation of a dark I-V measurement of molecules
with different lengths deposited on n-type silicon;

Fig. 3 is a graphical presentation of an I-V measurement of different
molecular lengths’ structures with Hg drop electrode and fixed halogen light;

Fig. 4 is a graphical presentation of an I-V measurement of #-Si-O-C12
sample;

Fig. 5 is a graphical presentation of a photovoltage measurement of »-Si-
0-C12 sample having an indirectly evaporated Au electrode; and;

Fig. 6 is a graphical presentation of the transmittance spectra of 60nm Au
pads;

Fig. 7 is a graphical presentation of a photovoltage measurement of »-Si-
O-Cy; sample having a conducting polymer (PolyAniline pad) top contact;

Fig. 8 is a graphical presentation of current-voltage characteristics of an n-
Si-O-Cy;-S-Au structure, fabricated by molecular self-assembly and electro-less
Au plating;

Fig. 9 is a graphical presentation of a temperature-dependent dark I-V

measurements on an n-Si-O-C;;-S-Hg; and;
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Fig. 10 is a graphical presentation of a photovoltaic measurement on a
junction, made by contacting an n-Si surface, to which a monolayer of

(CH;);,CH3; molecules is bound via Si-O-C bonds, with Hg (n-Si-O-C11 / Hg).

DETAILED DESCRIPTION OF EMBODIMENTS

Reference is made to Fig. 1, showing a solar cell of the present invention.
The solar cell comprises a multi-layer structure 100 configured as a MOIS
structure. The MOIS structure 100 includes a metal layer 102, an organic
monolayer acting as an insulator 104 and a semiconductor layer 106.

To provide a molecular junction according to the teachings of the present
invention, samples were prepared from single side polished Si (cleaved into
~10x20 mm? pieces) having a nominal resistivity of 1-10 Q cm. The wafer pieces
were cleaned by rinsing with solvents and blown dry under a stream of argon.
Subsequently, the wafer pieces were immersed in piranha solution (98%
H,S04:30% H,0,, 3:1,v/v) at 90°C for at least 30 minutes, rinsed with copious
amounts of MilliQ water and etched in deoxygenated 40% NH,F solution for
about 15 minutes. This treatment (immersion in piranha solution, rinsing and
etching in 40% NHF solution) was repeated once. Self-assembling monolayers
(SAMs) of alkyl chains were formed via thermal hydrosilylation of alkenes.
Using this technique, chemical and structural properties of the molecules in the
monolayer can be characterized using a wide range of surface sensitive
techniques. The freshly etched piece of Si wafer was immersed in neat
deoxygenated alkene under argon and heated at 200 °C for 4 hours. After the
reaction, the sample, which comprised the Si wafer with the molecular
monolayer, was removed, rinsed with solvents and then further cleaned by
immersion in boiling solvents and/or sonication in hexane and dried under a
stream of inert gas. I-V measurements of the molecular junctions were performed
using n-Si/C,H,,+1/Hg structures. The junctions were formed by placing an Hg
(99.9999% .purity) drop on the SAM, using a controlled growth hanging mercury
drop (HMD) electrode apparatus. The samples were contacted on the back by
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applying In-Ga eutectic, after scratching the surface with a diamond knife. The
contact area between the Hg drop and the monolayer (typically 0.5 mm in
diameter) was determined using an optical microscope.

As the Hg drop is highly reflective, its use is not really suitable for
photovoltaic measurements. Nevertheless, a HMD e¢lectrode being a very
efficient and non-destructive top contact was used for initial characterization of
photovoltaic properties of the different molecular systems. It should be noted that
the photocurrent presented in the following graphs is collected solely from the
Hg electrode’s periphery, and is probably more affected by surface
recombination in comparison with a usual solar cell or a photodetector.

Reference is made to Fig. 2, representing a typical dark I-V measurement
(on a semi-logarithmic scale) of series of molecules lengths deposited as
monolayers on the same initial n-type silicon wafer. In this non-limiting example,
four samples made of n-Si/C,/Hg structures were investigated, in which 1 is the
dark current measured for a sample having a n-Si/C,,/Hg structure, 2 for a
sample having a »n-Si/C,,/Hg structure, 3 for a sample having a »n-Si/C¢/Hg
structure, and 4 for a sample having a n-Si/C,g/Hg structure.

In a semiconductor/insulator/metal junction, two types of barriers of
transport process may exist. One is the Schottky barrier inside the semiconductor,
and the other is the tunneling barrier presented by the insulator. The Schottky
barrier is mainly determined by the semiconductor doping type and density,
whereas the tunneling barrier is determined by the width of the insulator and by
the height of the potential barrier, imposed by this insulating layer. Molecules
chemically bound to the semiconductor are likely to affect the energy and density
of surface states and, therefore, the semiconductor band bending.

~ Asiillustrated in Fig. 2, at low forward bias and reverse bias, the current is
dominated by thermionic emission over a Schottky barrier in the semiconductor.
At higher forward bias, the Schottky barrier decreases until it becomes so small
that it no longer plays a role in transport. From such forward bias, the current is

dominated by tunneling through the molecular layer.
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Organic insulating layer thicknesses were measured by ellipsometry to be
Cl12: 15-16A, Cl4. ~18A, Cleé: ~20A, and C18: 22-23A. The dark measurements
of different lengths usually coincide along the negative biases and into the
positive bias until reaching the flat-band voltage (potential) from there on. When
the direct tunneling becomes dominant, a clear length dependence of the currents
is observed. On the high biases regime, a clear splitting between curves
according to molecular length is observed.

Reference is made to Fig. 3 representing light I-V measurements taken
with a fixed halogen bulb positioned 15 cm from the samples. Open circuit
voltages (Voc) in the range of 370-420mV were measured. The measurements
show no distinctive trend between different molecular lengths. In this non-
limiting example, the four samples made of n-Si/C,/Hg structures of Fig. 2 were
investigated, in which 1 is the photo-voltage measurement for a sample having a
n-Si/Cy,/Hg structure, 2 for a sample having a »n-Si/C,y/Hg structure, 3 for a
sample having a »n-Si/C,¢/Hg structure, and 4 for a sample having a »n-Si/C,g/Hg
structure.

Reference is made to Fig. 4 representing a high intensity I-V measurement
performed on »-Si-O-C12 sample with a Hg drop electrode, having a low dark
ideality factor of n=1.09, (for an ideal diode n=1) represented in 1. When
illuminating the sample, illustrated in 2, an extremely high fill factor of 80% was
measured. Therefore, the current produced by the MOIS junction is indeed a
superposition of the diode dark current, and the photo induced current.

In order to better estimate the photocurrents of such cells, an indirect
method of evaporation is examined, in which Au pads are deposited softly on top
of the monolayer without damaging the molecules. Reference is made to Fig. 5
representing a photo-voltage measurement of an #-Si-C12 structure with a 30 nm
indirectly evaporated Au film. It should be noted that a 30 nm Au film has a
transparency of about 40% in the visible range of the spectrum. The short circuit
current, illustrated in 1, exceeds 7 mA/cm? and when taking into account the Au

film transparency, the short circuit current might reach 15 mA/cm®. The measured
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open circuit voltage is about 0.26 V, illustrated in 2, which is much lower than
measured with the Hg drop electrode. Still, the short-circuit current indicates
good photon collection efficiency. The relatively low open-circuit voltage might
point to Au diffusion towards the silicon through monolayer domain boundaries,
or deposition directly not only on top but also inside the organic insulator,
reducing the actual insulator thickness or even shorting the top electrode to the Si

in those places. Therefore, this method of contacting appears less suitable for

MOIS fabrication.

Reference is made to Fig. 6, representing the transmittance spectra of
ready-made 60 nm Au pads, laid softly on the molecular layer. From 600 nm and
higher, all wavelengths are either absorbed or reflected from the pads and less
than 5% of the incident photon is transferred into the Si because at the thickness
used Au is hardly transparent. Again, as in the case of the junction where the
contact was made with an Hg drop, it is clear that most of collected current arises
from light that is absorbed around the pad, where no light intensity attenuation
occurs, rather than under the pad. As illustrated in Fig. 7, photo-voltage
measurements of an »n-Si-O-C11 structure with a conducting polymer
(commercially available PolyAniline pad of dimensions of 2*2mm) spin-coated
on top of the monolayer acting as a top electrode can provide a high open circuit
of about 530mV illustrated in 2. .The short-circuit current illustrated in 1,
indicates good photon collection efficiency.

In some embodiments, the solar cell of the present invention may be made
by binding alkyl chain molecules via Si-O-C bonds to oxide-free n-Si surfaces,
using self-assembly.

In other embodiments, the MOIS solar cell can comprise an all solid-state
covalently bound structure, in which a thiol-terminated alkoxy monolayer is
adsorbed onto an n-Si substrate via Si-O-C bonds. The samples can be prepared
by treating a single side polished 1-10 Ohm-cm #n-Si (100) with a solution of
HOC;H,,SH. The samples can be then characterized by ellipsometry, water
contact angle, FT-IR and XPS to verify the monolayer quality and that the
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surface is free of measurable oxide. A continuous but porous, semi-transparent
Au film is then grown on the thiol terminated monolayer in a two-step process.
Au nano-particles (NPs), 3-5 nm in diameter, are bound to the monolayer from a
toluene suspension. The NPs serve to seed the top electrode for electro-less
deposition. This, all-covalently-bound approach, leads to a structure with well-
defined insulator thickness (as éompared to, e.g., [9] where the PV behavior of
methyl-passivated »-Si, contacted by spray-coating Au nano-particles and
subsequent sintering, is shown).

It should be understood that, since the NP monolayer operates as the solar
cell top contact, the NP monolayer has to be transformed into an electrically
continuous metal film with low sheet resistance, as transparent as possible to that
part of the solar spectrum that can be absorbed by the monolayer. For example,
using slow electro-less plating for 5 min, while monitoring film growth, gave a
continuous film with a semi-transparency (e.g. 50-60% overall transparency)
over the visible and near-IR radiation (300-1000 nm wavelength range). It should
be noted that, in all measurements, bias is applied to the top contact (metal layer)
while the substrate's back contact is grounded.

Reference is made to Fig. 8 illustrating current-voltage characteristics

curves of a 2x2 mm »n-Si-O-C,;-S-Au structure, fabricated as described above,

under illumination of about 25 mW/cm2. As shown in the figure, the open-circuit
voltage, Voc, is 480 mV, higher than reported for plain n-Si-Au or even n-Si-
Si0,-Au cells [10] and the fill factor (FF) is 58%.

The transition point between "semiconductor"- and "tunneling-limited"
current regimes is found from temperature dependent I-V curves, using Hg as top
electrode. To a first approximation, tunneling does not depend on temperature.
Therefore, the I-V plots in the tunneling-limited voltage regime should be
temperature-independent, while in the semiconductor-limited regime currents,
currents increase with temperature, as expected for a thermally activated process.

Reference is made to Fig. 9 representing temperature-dependent dark I-V

measurements for an n-Si-O-C,;-S-Hg junction. Hg has a work function of 4.5



10

15

20

25

30

WO 2009/095909 PCT/IL2009/000105

14

eV which is only slightly lower than the values 4.6-4.8 eV, measured for
chemically-deposited Au, using Kelvin probe contact potential difference (CPD)
measurements. As shown in the figure, the plots show the voltage where the
temperature dependence changes from increasing to decreasing current with
increasing temperature, with increasing forward bias, indicating that, indeed,
around 470 mV, the diode behavior becomes tunneling-limited, as expected from
the photovoltaic measurements.

High density methyl-terminated SAM's are chemically non-reactive and
very hydrophobic. To be able to test if changing the terminating group of the
molecules affect PV performance (by affecting the interface energetics) in the
alkoxy systems, a methyl-terminated monolayer is used as an insulator in MOIS
cells, but now with Hg as the top contact.

Reference is made to Fig. 10, illustrating PV measurements of a structure
made by contacting an »-Si surface, to which a monolayer of (CH,);;CHj;
molecules is bound via Si-O-C bonds, with Hg (»-Si-O-C,; / Hg). The structure
is illuminated using a white light source, adjusted to yield roughly 100 mW/cm?®
with a 3300 K blackbody spectrum.

With Hg as top electrode, the photocurrents, shown in Fig. 10, stem solely
from light collected from the Hg electrode’s periphery, making it not possible to
normalize the current in terms of current density. However, because the current is
collected from the areas surrounding the electrode, it is likely to be more affected
by surface recombination than in a usual solar cell or photodetector. Therefore,
the Voc and FF, measured on this structure present lower limits for a full PV
device.

The junction in Fig. 10 showed a good, low, dark ideality factor (n=1.09)
and, under illumination, a fill factor of 80%. The V¢ is 540 mV, for n-Si based
MIS cells of that resistivity.. With the all-covalently-bound approach, the MOIS
cell's open-circuit voltage may be increased by using amine-, rather than thiol-
terminated alkoxies, to get a more negative dipole moment, while still allowing

binding semi-transparent metal films. Alternatively, physisorbing suitable
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transparent conductors on top of methyl-terminated monolayers so as not to
damage the layer, should allow significantly improved performance of these

cells.
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CLAIMS:

1. A solar cell comprising a multi-layer structure comprising a metal layer, a
semiconductor layer; and an organic molecular monolayer being a self-assembled
monolayer in between the metal and semiconductor layers, said organic
molecular monolayer operating as a thin controllable insulator layer; said
multilayer structure being operable as a MOIS (Metal-Organic-Insulator-
Semiconductor) junction.

2. The solar cell of Claim 1, wherein said organic molecular monolayer has a
high-degree continuity of the molecules' arrangement within the layer, forming a
large area junction enabling a high light collection efficiency of the solar cell.

3. The solar cell of Claim 1, wherein said organic molecular monolayer is a

passivation layer.

4. The solar cell of Claim 1, wherein said organic molecular monolayer is
polar.
5. The solar cell of Claim 1, wherein said organic molecular monolayer is

configured and operable to protect the semiconducting absorber layer from
defects and decrease the number of surface states.

6. The solar cell of Claim 1, wherein said metal layer is selected from the
group comprising conducting polymer, an evaporated metal grid, a network of

carbon nanotubes, or a thin film made through nanoparticles enhancement.

T The solar cell of Claim 1, wherein said semiconductor layer is an

amorphous semiconductor or a thin film.

8. The solar cell of Claim 1, wherein said organic molecular monolayer is a
saturated alkyl chain monolayer and wherein said semiconductor layer is an n-
type silicon layer.

9. The solar cell of Claim 1, wherein said organic molecular monolayer is a
thiol-terminated alkoxy monolayer.

10. The solar cell of Claim 1, wherein said organic molecular monolayer is a

methyl-terminated alkoxy monolayer.
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11.  The solar cell of Claim 1, wherein said organic molecular monolayer
thickness is tuned using alkyl chain of different lengths, enabling the
optimization of the photovoltaic conversion efficiency of said solar cell.
12.  The solar cell of Claim 1, wherein said metal layer is semi-transparent to a
wavelength range of the solar spectrum being absorbed by said semiconductor
layer.
13. A method of manufacturing a solar cell comprising:

interacting between a semiconductor substrate and an organic layer
operating as an insulator to obtain a molecular junction;

interacting a metal layer with said molecular junction creating a multi-
layer structure formed by a metal-organic insulator-semiconductor junction; and,

illuminating the multilayer structure inducing the generation of a current

produced by said structure.
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