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(57) Abstract: A solar cell includes a p-n structure
having a first conductive semiconductor substrate, a
second conductive semiconductor layer formed on the
first conductive semiconductor substrate and having a
conduction opposite to the first conductive semiconductor
substrate, and a p-n junction formed at an interface
between the first conductive semiconductor substrate and
the second conductive semiconductor layer; a passivated
layer formed on the second conductive semiconductor
layer and composed of silicon oxynitride with a refractive
index of 1.45 to 1.70; an anti-reflection film formed on
the passivated layer and composed of silicon nitride;
a front electrode connected to the second conductive
semiconductor layer with passing through a part of the
passivated layer and the anti-reflection film and exposed
outward; and a rear electrode formed at an opposite side to
the front electrode with the first conductive semiconductor
substrate being interposed therebetween to be connected to
the first conductive semiconductor substrate.
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Description

SOLAR CELL
Technical Field

The present invention relates to a solar cell, and more particularly to a solar cell
having an improved anti-reflection film structure to reduce reflectance against photons
and increase FF, which give excellent photoelectric conversion efficiency.
Background Art

Recently, as exhaustion of existing energy resources such as petroleum and coal is
estimated, interests on alternative energies for substituting them are more increased.
Among the alternative energies, a solar cell is particularly spotlighted since its energy
resource is sufficient and it does not cause any environmental pollution. A solar cell is
classified into a solar heat cell that generates a vapor required for rotating a turbine
using a solar heat, and a solar light cell that converts photons into electric energy using
the properties of a semiconductor. Generally, a solar cell calls the solar light cell
(hereinafter, the term 'solar cell' is used).

Referring to FIG. 1 showing a basic structure of a solar cell, the solar cell has a
junction structure of a p-type semiconductor 101 and a n-type semiconductor 102 like
a diode. If photons are input to the solar cell, the photons are reacted with materials of
the semiconductor to generate electrons of (-) charge and holes of (+) charge caused by
removal of the electrons, thereby allowing flow of electric current as they are moving.
It is called photovoltaic effect. Among the p-type semiconductor 101 and the n-type
semiconductor 102 that composes the solar cell, electrons are drawn toward the n-type
semiconductor 102 and the holes are drawn toward the p-type semiconductor 101, so
they are moved to electrodes 103, 104 joined to the n-type semiconductor 101 and the
p-type semiconductor 102, respectively. If the electrodes 103, 104 are connected using
a cable, it is possible to obtain an electric power as electricity flows.

Such output features of a solar cell are generally evaluated by measuring an output
current-voltage curve using a solar simulator. On the curve, a point at which a multi-
plication IpxVp of an output current Ip and an output voltage Vp is maximum is called
a maximum output Pm. Also, a value obtained by dividing Pm by a total optical energy
(SxI: S is an area of an element, I is an intensity of light irradiated to the solar cell)
input to the solar cell is defined as conversion efficiency 7.

In order to enhance the efficiency n of a solar cell, it is required to increase a short-
circuit current Jsc (an output current at V=0 on the current-voltage curve), an open
voltage Voc (an output voltage at [=0 on the current-voltage curve), or FF (fill factor)

indicating how the output current-voltage curve is close to a square shape. As FF has a
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value close to 1, the output current-voltage curve approximates to an ideal square
shape, and the conversion efficiency 7 is increased. Mainly, Jsc is affected by
absorption or reflectance against the light irradiated thereto, Voc is affected by the
degree of recombination of carriers (electrons and holes), and FF is affected by a
resistance in the n-type and p-type semiconductors and between the semiconductors.

Conventionally, as a scheme for enhancing efficiency of a solar cell, an anti-
reflection film was used for reducing reflectance of light input to the solar cell, or an
area hiding photons was minimized when forming an electrode terminal. Among them,
various studies on the anti-reflection film capable of realizing a high reflectance are
under progress. Recently, a method of forming a single anti-reflection film composed
of a silicon nitride film on an emitter at a front surface of a solar cell to reduce re-
flectance was developed and widely used. As an example, Korean Laid-open Patent
Publication No. 2003-0079265 discloses a double layer structure having single crystal
silicon acting as a passivated layer and silicon nitride acting as an anti-reflection film.
However, the single anti-reflection film structure composed of silicon nitride and the
double anti-reflection film structure composed of single crystal silicon and silicon
nitride may improve current characteristics by reducing reflectance of photons but
show a problem that dopant of the anti-reflection film is moved toward a semi-
conductor layer and also there is no special increase of FF, so they have a limit in
enhancing efficiency of a solar cell.

Meanwhile, US 6,518,200 discloses a method for forming a microelectronic layer in
a micro structure, and it suggests that the microelectronic layer may be used in a pho-
toelectron micro structure that composes a solar cell.

The microelectronic layer has a multi-layer laminate in a structure of silicon
oxynitride layer / transition layer / silicon nitride layer / transition layer / silicon
oxynitride layer. In addition, in aspect of composition of materials, based on the silicon
nitride layer that is an intermediate layer, "lower layer + transition layer" and
"transition layer + upper layer" are symmetric to each other. The transition layer is a
material membrane interposed between the silicon oxynitride layer acting as the upper
and lower layers and the silicon nitride layer acting as the intermediate layer. The
transition layer is made of silicon oxynitride, and the concentration of oxygen atoms
included in the material membrane is gradually lowered toward the silicon nitride layer
acting as the intermediate layer, and the concentration of oxygen atoms becomes sub-
stantially zero at the silicon nitride layer acting as the intermediate layer.

Thus, the oxygen concentration of the microelectronic layer is continuously
decreased from the silicon oxynitride layer acting as the upper and lower layers via the
transition layer to the silicon nitride layer acting as the intermediate layer, and then the

material membrane is converted into a silicon nitride layer at the intermediate layer
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with no oxygen atom.

However, US 6,518,200 does not disclose the usage of the microelectronic layer in
the photoelectron micro structure of a solar cell in detail. However, the microelectronic
layer may be used as an anti-reflection film in consideration of the structure of a solar
cell.

But, the microelectronic layer of US 6,518,200 is a material membrane designed to
relieve mechanical stress caused between different kinds of material membranes by
continuously changing composition of multi material layers and setting the component
ratio of material symmetrically based on the intermediate layer. Also, since the micro-
electronic layer has material composition symmetrical based on the intermediate layer
and composition of the material membrane is continuously changed due to the
presence of the transition layer, it is apparent to those having ordinary skill in the art
that a refractive index profile of the microelectronic layer shows a greatest refractive
index at the center and symmetric in a lateral direction like the normal distribution
curve. It is because, considering the composition of material, the intermediate layer
shows a relatively greater refractive index than the upper and lower layers, and the
transition layer has a continuously changing oxygen concentration, which also makes
the refractive index continuously changed. However, if the microelectronic layer has a
refractive index profile as mentioned above, a proportion of photons reaching the p-n
junction structure that gives the photovoltaic effect is rather decreased, thereby dete-
riorating the efficiency of a solar cell. It is because, if photons are input to the micro-
electronic layer, a part of photons are guided in plane through the intermediate layer
with a relatively greater refractive index, so the proportion of photons reaching the p-n
junction is decreased. Thus, the microelectronic layer of US 6,518,200 has a limit in

being adopted as an anti-reflection film structure of a high efficient solar cell.
Disclosure of Invention

Technical Problem

The present invention is designed to solve the problems of the prior art, and
therefore it is an object of the present invention to improve an anti-reflection film
structure of a solar cell, thereby providing a solar cell capable of reducing reflectance
of the solar cell against light, preventing deterioration of properties caused by the anti-
reflection film, and increasing FF to improve efficiency of the solar cell.
Technical Solution

In order to accomplish the above object, the present invention provides a solar cell,
which includes a p-n structure having a first conductive semiconductor substrate, a
second conductive semiconductor layer formed on the first conductive semiconductor

substrate and having a conduction opposite to the first conductive semiconductor
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substrate, and a p-n junction formed at an interface between the first conductive semi-
conductor substrate and the second conductive semiconductor layer; a passivated layer
formed on the second conductive semiconductor layer and composed of silicon
oxynitride with a refractive index of 1.45 to 1.70; an anti-reflection film formed on the
passivated layer and composed of silicon nitride; a front electrode connected to the
second conductive semiconductor layer with passing through a part of the passivated
layer and the anti-reflection film and exposed outward; and a rear electrode formed at
an opposite side to the front electrode with the first conductive semiconductor substrate
being interposed therebetween so as to be connected to the first conductive semi-
conductor substrate.

In the solar cell of the present invention, the anti-reflection film preferably has a
refractive index of 1.9 to 2.3, the passivated layer preferably has a thickness of 10 to
50 nm, and the anti-reflection film preferably has a thickness of 50 to 100 nm. In
addition, the passivated layer and the anti-reflection film are preferably formed using
PECVD (Plasma Enhanced Chemical Vapor Deposition). It is also preferred that the
first conductive semiconductor substrate is a p-type silicon substrate and the second
conductive semiconductor layer is a n-type emitter layer, and a p+ layer is preferably
formed at an interface between the first conductive semiconductor substrate and the
rear electrode.

Brief Description of the Drawings

Other objects and aspects of the present invention will become apparent from the
following description of embodiments with reference to the accompanying drawing in
which:

FIG. 1 is a schematic view showing a basic structure of a solar cell;

FIG. 2 is a schematic view showing a solar cell according to one embodiment of the
present invention; and

FIG. 3 is a graph showing measurement result of Dark [-V data for solar cells
according to a first embodiment and a first comparative example.

Best Mode for Carrying Out the Invention

Hereinafter, a preferred embodiment of the present invention will be explained with
reference to the accompanying drawing.

FIG. 2 is a schematic view showing a solar cell according to one embodiment of the
present invention. As shown in FIG. 2, the solar cell of the present invention includes a
p-n structure, a passivated layer 205, an anti-reflection film 206, a front electrode 203
and a rear electrode 204.

The p-n structure includes a first conductive semiconductor substrate 201, a second

conductive semiconductor layer 202 formed on the first conductive semiconductor
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substrate 201 and having an opposite conduction to the first conductive semiconductor
substrate 201, and a p-n junction formed at an interface between the first conductive
semiconductor substrate 201 and the second conductive semiconductor layer 202. The
p-n structure receives light to generate current by means of photovoltaic effect. Repre-
sentatively, the first conductive semiconductor substrate 201 is a p-type silicon
substrate doped with Group 3 element such as B, Ga and In, and the second conductive
semiconductor layer 202 is a n-type emitter layer doped with Group 5 element such as
P, As and Sb. The p-n junction may be formed by joining the p-type silicon substrate
and the n-type emitter layer. As an alternative, the p-n junction may also be formed by
laminating a p-type emitter layer on a n-type silicon substrate. However, the p-n
structure of the present invention is not limited thereto.

On the second conductive semiconductor layer 202 having the p-n structure, the
passivated layer 205 composed of silicon oxynitride and the anti-reflection film 206
composed of silicon nitride are subsequently formed. That is to say, the passivated
layer 205 is formed on the second conductive semiconductor layer 202, and the anti-
reflection film 206 is formed on the passivated layer 205. The front electrode 203
formed on the passivated layer 205 and the anti-reflection film 206 is connected to a pa
rt of the second conductive semiconductor layer 202 through a part of the passivated
layer 205 and the anti-reflection film 206. Such structure of the passivated layer 205
and the anti-reflection film 206 minimizes reflectance of light irradiated to the solar
cell and effectively prevents recombination of carriers on a semiconductor surface by
means of the passivated layer, thereby capable of improving the photovoltaic
efficiency. In addition, the passivated layer has an optimized refractive index to
increase FF, thereby improving the photovoltaic efficiency. Such a refractive index of
the passivated layer is 1.45 to 1.70. In relation to the numerical limit for the refractive
index of the passivated layer 205, the lowest limit is a smallest refractive index that can
be made using silicon oxynitride, and if the refractive index of the passivated layer
exceeds the upper limit, the effect of increasing FF is eliminated since the features of
silicon nitride become dominant.

The anti-reflection film 206 preferably has a refractive index of 1.9 to 2.3. In
relation to the numerical limit for the anti-reflection film 206, the lowest limit is a
smallest refractive index that can be made using silicon nitride, and if the refractive
index of the anti-reflection film exceeds the upper limit, light absorbance of the silicon
nitride anti-reflection film itself is increased, undesirably.

In addition, thicknesses of the passivated layer 205 and the anti-reflection film 206
are not specially limited. But, considering reflectance, the passivated layer 205
preferably has a thickness of 10 to 50 nm, and the anti-reflection film 206 preferably

has a thickness of 50 to 100 nm. In relation to the numerical limit for the thickness of
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the passivated layer 205, a thickness of the passivated layer 205 less than the lower
limit is not sufficient for the passivated layer 205 to give its function, and a thickness
of the passivated layer 205 exceeding the upper limit is not desirable in aspect of re-
flectance. In relation to the numerical limit for the thickness of the anti-reflection film
206, a thickness of the anti-reflection film 206 less than the lower limit is not sufficient
for the anti-reflection film 206 to give its function, and a thickness of the anti-
reflection film 206 exceeding the upper limit makes the entire thickness of the anti-
reflection film greater, which makes it difficult that the front electrode passes through
the passivated layer and the anti-reflection film when being formed.

A method for forming the passivated layer 205 and the anti-reflection film 206 is
not specially limited, but preferably adopts PECVD (Plasma Enhanced Chemical
Vapor Deposition) to allow successive processes in-situ. The passivated layer and the
anti-reflection film deposited by CVD have hydrogen atoms therein, which passivated
defects on or in a silicon surface.

The front electrode 203 is formed to pass through a part of the passivated layer 205
and the anti-reflection film 206 and be connected to a part of the second conductive
semiconductor layer 202. In addition, the rear electrode 204 is formed to be connected
to the first conductive semiconductor substrate 201 at an opposite side to the front
electrode 203 with the passivated layer 205, the anti-reflection film 206 and the first
conductive semiconductor substrate 201 being interposed therebetween. If loads are
applied to these electrodes 203, 204, electricity generated in the solar cell can be
utilized. The front electrode 203 representatively employs a silver electrode since the
silver electrode has an excellent electric conductivity. Also, the rear electrode 204 rep-
resentatively employs an aluminum electrode since the aluminum electrode has an
excellent conductivity and allows well junction due to good affinity with silicon. In
addition, the aluminum electrode corresponds to Group 3 element, which forms a p+
layer, namely BSF (Back Surface Field), at a contact surface with the silicon substrate
such that carriers are not disappeared but collected, thereby enhancing efficiency of the
solar cell.

Hereinafter, a method for manufacturing a solar cell according to the present
invention as explained above will be described as an example. This description is just
for facilitating understanding of the present invention, not limiting the scope of the
present invention.

First, on the first conductive semiconductor substrate 201, the second conductive
semiconductor layer 202 having an opposite conduction thereto is formed such that a
p-n junction is formed at their interface. A p-type silicon substrate is representatively
used as the first conductive semiconductor substrate 201. For example, a p-type silicon

substrate is coated with a n-type dopant and then thermally treated such that the n-type
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dopant is diffused to the p-type silicon substrate, thereby forming the p-n junction.

Then, the passivated layer 205 composed of silicon oxynitride is formed on the
second conductive semiconductor layer 202. The passivated layer may be formed using
CVD or PECVD as an example.

Then, the anti-reflection film 206 composed of silicon nitride film is formed on the
passivated layer 205. The anti-reflection film may be formed using CVD or PECVD.

In case of using PECVD, a refractive index of silicon oxynitride may be controlled
by changing relative flux ratios of SiH4, NH3 and N20 gases. For example, in the same
SiH4 gas flux (15 scem), in case a ratio of N20/N H3 is 40, a refractive index becomes
about 1.60, and in case a ratio of NZO/NH3 becomes 4, a refractive index is increased to
about 1.68. Also, a refractive index of silicon nitride may be controlled by changing a
relative flux ratio of SiH4 and NH3 gases. For example, in case a ratio of SiH4/NH3 is
0.3, a refractive index becomes about 1.90, and in case a ratio of SiH4lN H3 becomes
1.2, a refractive index is increased to about 2.1. Thicknesses of silicon oxynitride thin
film and silicon nitride thin film may be controlled by changing plasma power and
deposition time.

Then, the front electrode 203 connected to the second conductive semiconductor
layer 202 is formed on the anti-reflection film 206, and the rear electrode 204 is
formed at an opposite side to the front electrode 203 with the first conductive semi-
conductor substrate 201 being interposed therebetween, so as to be connected to the
first conductive semiconductor substrate 201. For example, the front electrode 203 and
the rear electrode 204 may be formed by coating an electrode-forming paste according
to a predetermined pattern and then thermally treating it. Due to the thermal treatment,
the front electrode 203 punches through the passivated layer 205 and the anti-reflection
film 206 and connects to the second conductive semiconductor layer 202, and BSF is
formed in the rear electrode and the first conductive semiconductor substrate 201. The
front electrode 203 and the rear electrode 204 may be formed in a reverse order, and
also they may be formed by coating paste separately and then thermally treating at the

same time.

Hereinafter, the present invention will be explained in more detail using an ex-
perimental example. However, it should be understood that the following examples
may be modified in various ways, and the scope of the invention should not be limited
to the following examples. The following examples are just for better understanding of

the present invention to those having ordinary skill in the art.

Experimental Example 1
A solar cell having a structure including the passivated layer and the anti-reflection
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film as shown in FIG. 2 was prepared. At this time, a p-type silicon substrate (0.5 to 2
Q) of Cz mono 125x125 cm’ was used as a semiconductor substrate, and a n+ emitter
layer was formed in 60 €2/sheet. A passivated layer (refractive index: 1.55, thickness:
30 nm) composed of silicon oxynitride was formed on the emitter layer using Direct
High Frequency (13.56 MHz) PECVD, and an anti-reflection film (refractive index:
1.90, thickness: 64 nm) composed of silicon nitride was formed on the passivated
layer. Deposition temperature for the passivated layer and the anti-reflection film was
350°C. After that, a silver electrode pattern was printed on the anti-reflection film by
means of screen printing, an aluminum electrode was printed on a side of the semi-
conductor substrate opposite to the surface where the emitter layer was formed, by
means of screen printing, and then they were thermally treated for 30 seconds at 800°C

to form a front electrode and a rear electrode.

Experimental Example 2
A solar cell having a structure including the passivated layer and the anti-reflection

film as shown in FIG. 2 was prepared. At this time, a p-type silicon substrate (0.5 to 2
Q) of Cz mono 125x125 cm’” was used as a semiconductor substrate, and a n+ emitter
layer was formed in 60 £2/sheet. A passivated layer (refractive index: 1.65, thickness:
25 nm) composed of silicon oxynitride was formed on the emitter layer using Direct
High Frequency (13.56 MHz) PECVD, and an anti-reflection film (refractive index:
1.90, thickness: 64 nm) composed of silicon nitride was formed on the passivated
layer. Deposition temperature for the passivated layer and the anti-reflection film was
350°C. After that, a silver electrode pattern was printed on the anti-reflection film by
means of screen printing, an aluminum electrode was printed on a side of the semi-
conductor substrate opposite to the surface where the emitter layer was formed, by
means of screen printing, and then they were thermally treated for 30 seconds at 800°C

to form a front electrode and a rear electrode.

Comparative Example 1
A solar cell having a single anti-reflection film structure composed of silicon nitride

was prepared. At this time, a p-type silicon substrate (0.5 to 2 €2) of Cz mono 125x125
cm’ was used as a semiconductor substrate, and a n+ emitter layer was formed in 60 €2/
sheet. An anti-reflection film (refractive index: 2.10, thickness: 75 nm) composed of
silicon nitride was formed on the emitter layer using Direct High Frequency (13.56
MHz) PECVD. Deposition temperature for the anti-reflection film was 350°C. After
that, a silver electrode pattern was printed on the anti-reflection film by means of
screen printing, an aluminum electrode was printed on a side of the semiconductor

substrate opposite to the surface where the emitter layer was formed, by means of
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screen printing, and then they were thermally treated for 30 seconds at 800°C to form a

front electrode and a rear electrode.

Measurement of Dark 1-V Data

Measurement results of Dark I-V data for the solar cells prepared according to the
experimental example 1 and the comparative example 1 are shown in a graph of FIG.
3. The Dark 1I-V data of a solar cell shows electric features of a p-n diode itself as
voltage is applied while no light is irradiated to the solar cell. For example, the Dark I-
V data allows analogizing junction leakage current, shunt resistance, diode ideality
factor, and so on. In the graph of FIG. 3, by comparing current values in a low voltage
range (0 to 0.3V), it would be understood that the solar cell of the experimental
example 1 with a double structure having a passivated layer and an anti-reflection layer
shows a smaller current in comparison to the solar cell of the comparative example 1.
From this, it would be understood that the solar cell of the experimental example 1 has
a greater shunt resistance than the solar cell of the comparative example 1, and thus
current formed in the solar cell does not disappear therein but flows through the front

and rear electrodes, thereby increasing FF.

Measurement for Photovoltaic Efficiency
A solar simulator was used to measure short-circuit current Jsc, open voltage Voc,

FF (Fill Factor) and photovoltaic efficiency of each solar cell prepared by the ex-
perimental examples 1 and 2 and the comparative example 1. The measurement results
are listed in the following table 1. From the measurement results of the table 1, it
would be found that the solar cells of the experimental examples 1 and 2 show open
voltage and short-circuit current substantially similar to those of the solar cell of the
comparative example 1, but FF is increased due to the increase of shunt resistance.
Since the open voltage and the short-circuit current are kept similarly, it would be
understood that there is caused no deterioration in other properties by adopting the

double layer structure of the present invention.

Table 1
Short-circuit Open Voltage [FF  |Photovoltaic
Current (mA) (V) (%) |Efficiency (%)
Experimental Example 1 |32.7 0.620 79.0 |16.0
Experimental Example 2 (32.2 0.616 79.0 (15.7
Comparative Example 1~ |32.4 0.618 78.4 |15.7
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It should be understood that the terms used in the specification and the appended
claims should not be construed as limited to general and dictionary meanings, but in-
terpreted based on the meanings and concepts corresponding to technical aspects of the
present invention on the basis of the principle that the inventor is allowed to define
terms appropriately for the best explanation.

Therefore, the description proposed herein is just a preferable example for the
purpose of illustrations only, not intended to limit the scope of the invention, so it
should be understood that other equivalents and modifications could be made thereto
without departing from the spirit and scope of the invention.

Industrial Applicability

The solar cell of the present invention includes a double layer structure in which a
passivated layer made of silicon oxynitride and an anti-reflection film made of silicon
nitride are subsequently laminated, so the solar cell shows reduced reflectance against
light and increased FF with no deterioration of other properties, thereby giving
improved photovoltaic efficiency. Also, the silicon oxynitride layer and the silicon
nitride layer may be produced successively in situ and thus allow reduction of

production costs.
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Claims

[1] A solar cell, comprising:
a p-n structure having a first conductive semiconductor substrate, a second
conductive semiconductor layer formed on the first conductive semiconductor
substrate and having a conduction opposite to the first conductive semiconductor
substrate, and a p-n junction formed at an interface between the first conductive
semiconductor substrate and the second conductive semiconductor layer;
a passivated layer formed on the second conductive semiconductor layer and
composed of silicon oxynitride with a refractive index of 1.45 to 1.70;
an anti-reflection film formed on the passivated layer and composed of silicon
nitride;
a front electrode connected to the second conductive semiconductor layer with
passing through a part of the passivated layer and the anti-reflection film and
exposed outward; and
arear electrode formed at an opposite side to the front electrode with the first
conductive semiconductor substrate being interposed therebetween so as to be
connected to the first conductive semiconductor substrate.

[2] The solar cell according to claim 1,
wherein the anti-reflection film has a refractive index of 1.9 to 2.3.

[3] The solar cell according to claim 1,
wherein the passivated layer has a thickness of 10 to 50 nm.

(4] The solar cell according to claim 1,
wherein the anti-reflection film has a thickness of 50 to 100 nm.

[5] The solar cell according to claim 1,
wherein the passivated layer is formed using PECVD (Plasma Enhanced
Chemical Vapor Deposition).

(6] The solar cell according to claim 1,
wherein the anti-reflection film is formed using PECVD.

[7] The solar cell according to claim 1,
wherein the first conductive semiconductor substrate is a p-type silicon substrate,
and the second conductive semiconductor layer is a n-type emitter layer.

[8] The solar cell according to claim 1,
wherein a p+ layer is formed at an interface between the first conductive semi-

conductor substrate and the rear electrode.
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