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Description
Title of Invention: SOLAR CELL
Technical Field
[1] Embodiments of the invention relate to a solar cell.
Background Art
[2] A solar cell is an element capable of converting light energy into electrical energy.

The solar cell may be mainly classified into a silicon-based solar cell, a compound-
based solar cell, and an organic-based solar cell depending on a material used. The
silicon-based solar cell may be classified into a crystalline silicon (c-Si) solar cell and
an amorphous silicon (a-Si) solar cell depending on a phase of a semiconductor.
Further, the solar cell may be classified into a bulk type solar cell and a thin film type
solar cell depending on a thickness of a semiconductor.

[3] A general operation of the solar cell is as follows. If light coming from the outside is
incident on the solar cell, electron-hole pairs are formed inside a silicon layer of the
solar cell. Electrons move to an n-type silicon layer and holes move to a p-type silicon
layer by an electric field generated in a p-n junction of the electron-hole pairs. Hence,
electric power is produced.

[4] When a related art solar cell together uses an amorphous silicon layer and a
transparent electrode, photoelectric transformation characteristics of the related art

solar cell are reduced because of crystallization of the amorphous silicon layer.
Disclosure of Invention

Solution to Problem

[5] In one aspect, there is a solar cell comprising an n-type or p-type amorphous silicon
layer, a transparent electrode, and a metal buffer layer between the transparent
electrode and the amorphous silicon layer.

[6] The metal buffer layer between the transparent electrode and the amorphous silicon

layer may contact each of the transparent electrode and the amorphous silicon layer.

[7] A thickness of the metal buffer layer may be less than a thickness of the transparent
electrode.
[8] When a material contained in the metal buffer layer is called a first material and a

material contained in the transparent electrode is called a second material, a difference
between an electronegativity of the first material and an electronegativity of silicon
(S1) of the amorphous silicon layer may be less than a difference between an elec-
tronegativity of the second material and the electronegativity of silicon of the
amorphous silicon layer.

[9] The electronegativity of the first material may have a value between the elec-
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tronegativity of the second material and the electronegativity of Si.

[10] A difference between an electronegativity of the first material and an elec-
tronegativity of silicon (Si) of the amorphous silicon layer may be less than a
difference between the electronegativity of the first material and an electronegativity of

the second material.

[11] A thickness of the metal buffer layer may be approximately 0.1 nm to 100.0 nm.
[12] The metal buffer layer may contain at least one of In, Sn, B, Al, Ga, and Zn.
[13] When the transparent electrode contains indium tin oxide (ITO), the metal buffer

layer may contain at least one of In and Sn. When the transparent electrode contains
zinc oxide, the metal buffer layer may contain at least one of B, Al, Ga, and Zn.

[14] The solar cell may further comprise a grid electrode electrically connected to the
transparent electrode.

[15] In another aspect, there is a solar cell comprising a base silicon layer formed of
crystalline silicon doped with first impurities, an amorphous silicon layer on the base
silicon layer, the amorphous silicon layer being doped with second impurities whose
conductive type is different from the first impurities, a transparent electrode, and a
metal oxide layer between the transparent electrode and the amorphous silicon layer.

[16] The metal oxide layer between the transparent electrode and the amorphous silicon

layer may contact each of the transparent electrode and the amorphous silicon layer.

[17] A thickness of the metal oxide layer may be less than a thickness of the transparent
electrode.
[18] A difference between an electronegativity of the metal oxide layer and an elec-

tronegativity of the amorphous silicon layer may be less than a difference between an
electronegativity of the transparent electrode and the electronegativity of the
amorphous silicon layer.

[19] The electronegativity of the metal oxide layer may have a value between the elec-
tronegativity of the transparent electrode and the electronegativity of the amorphous
silicon layer.

[20] A difference between an electronegativity of the metal oxide layer and an elec-
tronegativity of the amorphous silicon layer may be less than a difference between the
electronegativity of the metal oxide layer and an electronegativity of the transparent
electrode.

[21] When the transparent electrode contains indium tin oxide (ITO), the metal oxide
layer may contain at least one of In and Sn. When the transparent electrode contains
zinc oxide, the metal oxide layer may contain at least one of B, Al, Ga, and Zn.

[22] The solar cell may further comprise an intrinsic (called i-type) silicon layer between
the base silicon layer and the amorphous silicon layer.

[23] In another aspect, there is a solar cell comprising a base silicon layer formed of
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[24]

[25]

[26]

[27]

[28]
[29]

[30]

[31]

[32]

[33]

crystalline silicon doped with first impurities, a first amorphous silicon layer on a
surface of the base silicon layer, the first amorphous silicon layer being doped with
second impurities whose conductive type is different from the first impurities, a second
amorphous silicon layer on another surface of the base silicon layer, the second
amorphous silicon layer being doped with third impurities whose conductive type is
different from the first impurities, a first metal oxide layer on the first amorphous
silicon layer, a second metal oxide layer on the second amorphous silicon layer, a first
transparent electrode on the first metal oxide layer, and a second transparent electrode

on the second metal oxide layer.
The first metal oxide layer and the second metal oxide layer may be formed of the

same material.
A thickness of the first metal oxide layer may be substantially equal to or less than a

thickness of the second metal oxide layer.

Brief Description of Drawings

FIGs. 1 to 3 illustrate an exemplary structure of a solar cell according to an em-
bodiment of the invention;

FIG. 4 illustrates a thickness of a metal buffer layer;

FIGs. 5 and 6 illustrate a material of a metal buffer layer; and

FIGs. 7 to 11 illustrate another exemplary structure of a solar cell according to an

embodiment of the invention.

Mode for the Invention

FIGs. 1 to 3 illustrate an exemplary structure of a solar cell according to an em-
bodiment of the invention.

As shown in FIG. 1, a solar cell 100 according to an embodiment of the invention
includes an n-type or p-type amorphous silicon layer 110, a transparent electrode 120,
and a metal buffer layer 130 between the transparent electrode 120 and the amorphous
silicon layer 110. Preferably, the metal buffer layer 130 between the transparent
electrode 120 and the amorphous silicon layer 110 may contact each of the transparent
electrode 120 and the amorphous silicon layer 110.

Because the metal buffer layer 130 is positioned between the transparent electrode
120 and the amorphous silicon layer 110, the metal buffer layer 130 may prevent crys-
tallization of the amorphous silicon layer 110. The metal buffer layer 130 is described
in detail below.

A structure of the solar cell 100 according to the embodiment of the invention may
variously vary under the condition that the metal buffer layer 130 is positioned
between the transparent electrode 120 and the amorphous silicon layer 110. For

example, as shown in FIG. 2, the solar cell 100 may further include a base silicon layer
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[34]

[35]

[36]

[37]

[38]

[39]

[40]

200 that forms a p-n junction together with the amorphous silicon layer 110.

When the amorphous silicon layer 110 is formed of n-type silicon, the base silicon
layer 200 may be formed of p-type silicon. On the contrary, when the amorphous
silicon layer 110 is formed of p-type silicon, the base silicon layer 200 may be formed
of n-type silicon. In other words, the base silicon layer 200 may be doped with first im-
purities, and the amorphous silicon layer 110 may be doped with second impurities
whose conductive type is different from the first impurities.

A material of the base silicon layer 200 is not particularly limited, except that the
base silicon layer 200 and the amorphous silicon layer 110 form the p-n junction. For
example, the base silicon layer 200 may be formed of crystalline silicon (c-Si),
amorphous silicon (a-Si), or a combination of c-Si and a-Si under the condition that the
base silicon layer 200 and the amorphous silicon layer 110 form the p-n junction. The
base silicon layer 200 may be a silicon wafer formed of crystalline silicon (c-Si).
Otherwise, the base silicon layer 200 may be formed of hydrogenated microcrystalline
silicon (mc-Si:H).

When the base silicon layer 200 is formed of crystalline silicon, the solar cell 100
may be called a hetero junction solar cell. The hetero junction solar cell may have
higher photoelectric transformation efficiency than a c-Si solar cell formed of only
crystalline silicon.

The transparent electrode 120 may be formed of a transparent material with electrical
conductivity so as to increase a transmittance of incident light. For example, the
transparent electrode 120 may be formed of a material, having high transmittance and
high electrical conductivity, selected from the group consisting of indium tin oxide
(ITO), tin-based oxide (for example, SnO,), AgO, ZnO-Ga,O; (or Al,Os), fluorine tin
oxide (FTO), or a combination thereof, so that the transparent electrode 120 transmits
most of incident light and a current flows in the transparent electrode 120. A specific
resistance of the transparent electrode 120 may be approximately 10-!C2cm to 102
CQcem.

The transparent electrode 120 may be electrically connected to the amorphous silicon
layer 110. Hence, the transparent electrode 120 may collect one (for example, holes) of
carriers produced by the incident light to output the holes.

Further, in the solar cell 100 according to the embodiment of the invention, a grid
electrode 210 electrically connected to the transparent electrode 120 may be further po-
sitioned on the transparent electrode 120.

The solar cell 100 may include a rear electrode 220 positioned in the rear of the base
silicon layer 200. The rear electrode 220 may be formed of metal with high electrical
conductivity so as to increase a recovery efficiency of electric power produced by the

amorphous silicon layer 110 and the base silicon layer 200. Further, the rear electrode
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[41]

[42]

[43]

[44]

[45]

[46]

[47]

220 electrically connected to the base silicon layer 200 may collect one (for example,
electrons) of the carriers produced by the incident light to output the electrons.

In the embodiment, the transparent electrode 120 positioned around a light incident
surface may be called a first electrode, and the rear electrode 220 may be called a
second electrode. The rear electrode 220 may be formed of substantially transparent
material similar to the transparent electrode 120, for example, ITO and ZnO.

In such a structure of the solar cell 100, if light from the outside is incident on the
solar cell 100, light energy is converted into electrical energy in a junction surface
between the amorphous silicon layer 110 and the base silicon layer 200 forming the p-
n junction. Hence, electric power may be produced. The electric power produced in the
p-n junction surface may be recovered through the transparent electrode 120 and the
rear electrode 220.

Because the metal buffer layer 130 between the amorphous silicon layer 110 and the
transparent electrode 120 has a very small thickness t1, the metal buffer layer 130 does
not reduce a light transmittance. However, the thickness t1 of the metal buffer layer
130 may be equal to or less than a thickness t2 of the transparent electrode 120, so that
the light transmittance is kept at a sufficiently high level.

FIG. 3 illustrates an example of omitting the metal buffer layer 130 in the solar cell
100.

As shown in FIG. 3, if the metal buffer layer 130 is omitted in the solar cell 100, the
transparent electrode 120 may be formed on the amorphous silicon layer 110. In this
case, a sputtering process may be used to form the transparent electrode 120 on the
amorphous silicon layer 110. In the sputtering process, when a sputtered target material
is deposited on the amorphous silicon layer 110, kinetic energy of sputtering atoms is
transferred to the amorphous silicon layer 110. Thus, a phase of the amorphous silicon
layer 110 may be partially crystallized in a portion (i.e., an area S) of the amorphous
silicon layer 110. As a result, characteristics of the solar cell 100 may be reduced.

There may be an electronegativity difference as another reason of the crystallization
of the amorphous silicon layer 110. More specifically, because there is a great
difference between electronegativity of a material of the transparent electrode 120 and
electronegativity of a material (i.e., silicon) of the amorphous silicon layer 110, the
material of the transparent electrode 120 breaks Si-H bonds of the amorphous silicon
layer 110 and produces metal hydride (Me-H) bonds or metal hydroxy (Me-OH) bonds
in the amorphous silicon layer 110. Hence, a concentration of hydrogen (H) inside the
amorphous silicon layer 110 may be reduced, and the crystallization of the amorphous
silicon layer 110 may be generated.

On the other hand, in the embodiment of the invention, the metal buffer layer 130

between the amorphous silicon layer 110 and the transparent electrode 120 may
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[48]

[49]

[50]

[51]

[52]

[53]

prevent kinetic energy of sputtering atoms from being transferred to the amorphous
silicon layer 110 in a sputtering process of the transparent electrode 120. Further, the
metal buffer layer 130 may prevent metal hydride (Me-H) bonds or metal hydroxy
(Me-OH) bonds from being produced in the amorphous silicon layer 110 because of a
difference between the electronegativity of the material of the transparent electrode
120 and the electronegativity of silicon of the amorphous silicon layer 110.

A material of the metal buffer layer 130 is not particularly limited, except that metal
capable of preventing the crystallization of the amorphous silicon layer 110 is selected.
For example, the metal buffer layer 130 may be formed of one or at least two of In, Sn,
B, Al, Ga, and Zn in consideration of the manufacturing cost, the electronegativity, etc.

FIG. 4 is a table illustrating a thickness of the metal buffer layer 130. More
specifically, FIG. 4 is a table illustrating a light transmittance and crystallization
prevention when a thickness t1 of the metal buffer layer 130 changes from 0.05 nm to
130.0 nm. In FIG. 4, X, O and ® in each of the light transmission and crystallization
prevention characteristics represent bad, good, and excellent states of the charac-
teristics, respectively.

First, in the light transmission characteristic, when the thickness t1 of the metal
buffer layer 130 is approximately 130.0 nm, the light transmission characteristic is in
the bad state. In this case, the light transmission may be excessively reduced because
of the excessively large thickness t1 of the metal buffer layer 130. Hence, photoelectric
transformation efficiency of the solar cell 100 may be reduced because of a reduction
in an amount of light reaching the amorphous silicon layer 110.

On the other hand, when the thickness t1 of the metal buffer layer 130 is ap-
proximately 0.05 nm to 80.0 nm, the light transmission characteristic is in the excellent
state. In this case, the sufficiently high light transmission may be obtained because of
the sufficiently small thickness t1 of the metal buffer layer 130. Hence, the photo-
electric transformation efficiency of the solar cell 100 may be improved because of a
sufficient amount of light reaching the amorphous silicon layer 110.

Although the metal buffer layer 130 is formed of metal, a portion or all of the metal
buffer layer 130 may change into metal oxide in a process for forming the transparent
electrode 120 (for example, the sputtering process) or a subsequent thermal process.
Hence, the light transmission may increase. Accordingly, even if the metal buffer layer
130 formed of metal is positioned between the amorphous silicon layer 110 and the
transparent electrode 120, the light transmission may be kept at a sufficiently high
level when the thickness t1 of the metal buffer layer 130 is approximately 0.05 nm to
80.0 nm.

Considering that the metal buffer layer 130 changes into metal oxide in the process

for forming the transparent electrode 120 or the thermal process, it seems that the
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metal buffer layer 130 contains metal oxide. In other words, it seems that a metal oxide
layer is positioned between the amorphous silicon layer 110 and the transparent
electrode 120.

When the thickness t1 of the metal buffer layer 130 is approximately 100.0 nm, the
light transmission characteristic is in the good state.

Next, in the crystallization prevention characteristic of the amorphous silicon layer
110, when the thickness t1 of the metal buffer layer 130 is approximately 0.05 nm, the
crystallization prevention characteristic is in the bad state. In this case, it is difficult to
prevent kinetic energy of sputtering atoms from being transferred to the amorphous
silicon layer 110 in the sputtering process of the transparent electrode 120 because of
the excessively small thickness t1 of the metal buffer layer 130. Further, it is difficult
to prevent metal hydride (Me-H) bonds or metal hydroxy (Me-OH) bonds from being
produced in the amorphous silicon layer 110 because of a difference between elec-
tronegativity of the material of the transparent electrode 120 and electronegativity of
silicon of the amorphous silicon layer 110. As a result, a portion of the amorphous
silicon layer 110 may be crystallized.

On the other hand, when the thickness t1 of the metal buffer layer 130 is ap-
proximately 5.0 nm to 130.0 nm, the crystallization prevention characteristic is in the
excellent state. In this case, kinetic energy of sputtering atoms may be prevented from
being transferred to the amorphous silicon layer 110 in the sputtering process of the
transparent electrode 120 because of the sufficiently large thickness t1 of the metal
buffer layer 130. Further, metal hydride (Me-H) bonds or metal hydroxy (Me-OH)
bonds may be prevented from being produced in the amorphous silicon layer 110
because of a difference between electronegativity of the material of the transparent
electrode 120 and electronegativity of silicon of the amorphous silicon layer 110. As a
result, a portion of the amorphous silicon layer 110 may be prevented from being crys-
tallized.

When the thickness t1 of the metal buffer layer 130 is approximately 0.1 nm to 1.5
nm, the crystallization prevention characteristic is in the good state.

Considering the description of FIG. 4, the thickness t1 of the metal buffer layer 130
may be approximately 0.1 nm to 100.0 nm or 5.0 nm to 80.0 nm.

FIGs. 5 and 6 illustrate a material of the metal buffer layer 130.

FIG. 5 is a graph illustrating electronegativity of silicon of the amorphous silicon
layer 110 and electronegativity of various materials.

In FIG. 5, electronegativity of silicon is approximately 1.90, electronegativity of a
material P1 is approximately 3.60, electronegativity of a material P2 is approximately
2.92, electronegativity of a material P3 is approximately 2.65, electronegativity of a

material P4 is approximately 3.44, and electronegativity of a material P5 is ap-
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proximately 1.96.

As electronegativity of silicon and electronegativity of the material of the metal
buffer layer 130 increase, Si-H bonds in the amorphous silicon layer 110 are broken
and metal hydride (Me-H) bonds or metal hydroxy (Me-OH) bonds are produced in the
amorphous silicon layer 110. Hence, a concentration of hydrogen (H) inside the
amorphous silicon layer 110 may be reduced. In this case, the photoelectric trans-
formation efficiency of the solar cell 100 may be reduced because of the crystallization
of the amorphous silicon layer 110.

Accordingly, it may be preferable that the metal buffer layer 130 is formed of a
material having a relatively small difference between the electronegativity of the
material of the metal buffer layer 130 and the electronegativity of Si. As a result, it
may be preferable that the metal buffer layer 130 is formed of the material PS5, because
a difference between electronegativity of the material P5 and the electronegativity of Si
is a minimum value among the materials P1 to P5 of FIG. 5.

Further, the material of the metal buffer layer 130 may be selected in consideration of
the electronegativity of the transparent electrode 120 and the electronegativity of the
amorphous silicon layer 110.

In the embodiment, the material contained in the metal buffer layer 130 is called a
first material, and the material contained in the transparent electrode 120 is called a
second material.

In this case, a difference between electronegativity of the first material and the elec-
tronegativity of Si may be less than a difference between electronegativity of the
second material and the electronegativity of Si. In other words, a difference between
the electronegativity of the material of the metal buffer layer 130 and the elec-
tronegativity of the material (i.e., silicon) of the amorphous silicon layer 110 may be
less than a difference between the electronegativity of the material of the transparent
electrode 120 and the electronegativity of the material (i.e., silicon) of the amorphous
silicon layer 110. It may be preferable that a magnitude of the electronegativity of the
first material has a value between the electronegativity of the second material and the
electronegativity of Si.

Further, a difference between the electronegativity of the first material and the elec-
tronegativity of Si may be less than a difference between the electronegativity of the
first material and the electronegativity of the second material.

As shown in (a) of FIG. 6, it is assumed that electronegativity of a first material X
contained in the metal buffer layer 130 is approximately 2.0 and electronegativity of a
second material Y contained in the transparent electrode 120 is approximately 3.44
when electronegativity of Si is approximately 1.90.

In this case, a difference (i.e., 2.0-1.9=0.1) between the electronegativity of Si and
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the electronegativity of the first material X is less than a difference (i.e.,
3.44-1.90=1.54) between the electronegativity of Si and the electronegativity of the
second material Y. Hence, metal hydride (Me-H) bonds or metal hydroxy (Me-OH)
bonds may be prevented from being produced in the amorphous silicon layer 110
because of the electronegativity difference.

As shown in (b) of FIG. 6, it is assumed that electronegativity of the first material X
contained in the metal buffer layer 130 is approximately 1.81 and electronegativity of
the second material Y contained in the transparent electrode 120 is approximately 1.65
when electronegativity of Si is approximately 1.90.

In this case, a difference (i.e., 1.90-1.81=0.09) between the electronegativity of Si
and the electronegativity of the first material X is less than a difference (i.e.,
1.90-1.65=0.25) between the electronegativity of Si and the electronegativity of the
second material Y. Hence, metal hydride (Me-H) bonds or metal hydroxy (Me-OH)
bonds may be prevented from being produced in the amorphous silicon layer 110
because of the electronegativity difference.

As shown in (c) of FIG. 6, electronegativity 1.96 of the first material X is not a value
between electronegativity 1.65 of the second material Y and electronegativity 1.90 of
Si. However, when a difference (i.e., 1.96-1.90=0.06) between the electronegativity of
the first material X and the electronegativity of Si is less than a difference (i.e.,
1.90-1.65=0.25) between the electronegativity of Si and the electronegativity of the
second material Y, metal hydride (Me-H) bonds or metal hydroxy (Me-OH) bonds
may be prevented from being produced in the amorphous silicon layer 110 because of
the electronegativity difference.

Further, there may be a small difference between the electronegativity of the material
of the metal buffer layer 130 and the electronegativity of Si, so as to completely
prevent the crystallization of the amorphous silicon layer 110 between the metal buffer
layer 130 and the amorphous silicon layer 110. For this, a difference between elec-
tronegativity of the first material X and electronegativity of Si may be less than a
difference between electronegativity of the first material X and electronegativity of the
second material Y. For example, as shown in (a) of FIG. 6, a difference (i.e.,
2.0-1.90=0.1) between electronegativity of the first material X and electronegativity of
Si is less than a difference (i.e., 3.44-2.0=1.54) between electronegativity of the first
material X and electronegativity of the second material Y.

In other words, it may be preferable that the material of the metal buffer layer 130 is
selected in consideration of electronegativity of the material of the transparent
electrode 120 and electronegativity of Si. More specifically, the material of the metal
buffer layer 130 may be a material having electronegativity similar to of Si or a

material in which there is a relatively small difference between electronegativity of the
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material and electronegativity of Si. For example, the material of the metal buffer layer
130 may include at least one of In, Sn, B, Al, Ga, and Zn.

More preferably, when the transparent electrode 120 contains indium tin oxide (ITO)
in consideration of electronegativity difference, the metal buffer layer 130 may contain
at least one of In and Sn. Otherwise, when the transparent electrode 120 contains zinc
oxide (ZnO), the metal buffer layer 130 may contain at least one of B, Al, Ga, and Zn.

Considering that electronegativity of Si is approximately 1.90 and electronegativity
of Sn is approximately 1.96, the metal buffer layer 130 may contain Sn.

FIGs. 7 to 11 illustrate another exemplary structure of a solar cell according to an
embodiment of the invention.

As shown in FIG. 7, a solar cell 100 according to an embodiment of the invention
may have a light receiving surface having an uneven pattern. More specifically, the
entire surface of a base silicon layer 200 may have an uneven pattern, and thus each of
an amorphous silicon layer 110, a metal buffer layer 130, and a transparent electrode
120 formed on the entire surface of the base silicon layer 200 may have an uneven
pattern. As above, when the light receiving surface of the solar cell 100 has the uneven
pattern, photoelectric transformation efficiency of the solar cell 100 may be improved
because of an increase in the size of the light receiving surface.

Although FIG. 7 shows the amorphous silicon layer 110, the transparent electrode
120, the metal buffer layer 130, and the base silicon layer 200 each having the uneven
pattern, at least one of the amorphous silicon layer 110, the transparent electrode 120,
the metal buffer layer 130, and the base silicon layer 200 may have the uneven pattern.

As shown in FIG. 8, another amorphous silicon layer 800 may be positioned between
the base silicon layer 200 and a rear electrode 220. In FIG. 8, the amorphous silicon
layer 110 between the metal buffer layer 130 and the base silicon layer 200 is called a
first amorphous silicon layer, and the amorphous silicon layer 800 between the base
silicon layer 200 and the rear electrode 220 is called a second amorphous silicon layer.

The second amorphous silicon layer 800 may be formed of silicon of the same kind
as the base silicon layer 200. For example, when the base silicon layer 200 is formed of
p-type silicon, the second amorphous silicon layer 800 may be formed of p-type
silicon.

In other words, the base silicon layer 200 may be doped with first impurities, the first
amorphous silicon layer 110 on a surface of the base silicon layer 200 may be doped
with second impurities whose conductive type is different from the first impurities, and
the second amorphous silicon layer 800 on another surface of the base silicon layer 200
may be doped with third impurities whose conductive type is different from the first
impurities.

As above, when the solar cell 100 further includes the second amorphous silicon
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layer 800, an electric field of the silicon layer may be enhanced and the photoelectric
transformation efficiency of the solar cell 100 may be improved.

As shown in FIG. 9, the rear electrode 220 may be replaced with another transparent
electrode 910. In FIG. 9, the transparent electrode 120 on a front surface of the base
silicon layer 200 is called a first transparent electrode, and the transparent electrode
910 replacing the rear electrode 220 is called a second transparent electrode.

As above, when the second transparent electrode 910 is positioned on a rear surface
of the base silicon layer 200, another grid electrode 920 electrically connected to the
second transparent electrode 910 may be positioned on the second transparent
electrode 910.

Further, as shown in FIG. 9, a second amorphous silicon layer 800 may be positioned
on the rear surface of the base silicon layer 200. When the second transparent electrode
910 is positioned on the rear surface of the base silicon layer 200, another metal buffer
layer 900 may be positioned between the second amorphous silicon layer 800 and the
second transparent electrode 910.

The metal buffer layer 900 may be formed of the same material as the metal buffer
layer 130 between the first amorphous silicon layer 110 and the first transparent
electrode 120. In FIG. 9, the metal buffer layer 130 between the first amorphous
silicon layer 110 and the first transparent electrode 120 is called a first metal buffer
layer, and the metal buffer layer 900 is called a second metal buffer layer.

If a material of the first transparent electrode 120 is different from a material of the
second transparent electrode 910, a material of the first metal buffer layer 130 may be
different from a material of the second metal buffer layer 900. In other words, the
material of the first metal buffer layer 130 may be selected in consideration of elec-
tronegativity of the first transparent electrode 120, and the material of the second metal
buffer layer 900 may be selected in consideration of electronegativity of the second
transparent electrode 910.

Because the first metal buffer layer 130 is positioned around a light incident surface,
it may be preferable that the first metal buffer layer 130 has a high light transmittance.
On the other hand, because the second metal buffer layer 900 is positioned opposite the
light incident surface, the second metal buffer layer 900 does not need to have a high
light transmittance. Considering this, the light transmittance of the first metal buffer
layer 130 may increase by making the first metal buffer layer 130 thin, and the crystal-
lization of the second amorphous silicon layer 800 may be completely prevented by
making the second metal buffer layer 900 relatively thick. Accordingly, a thickness of
the first metal buffer layer 130 may be substantially equal to or less than a thickness of
the second metal buffer layer 900.

Next, as shown in FIG. 10, an intrinsic (called i-type) silicon layer 1000 may be
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further positioned between the amorphous silicon layer 110 and the base silicon layer
200. Although it is not shown, an intrinsic (called i-type) silicon layer may be further
positioned between the second amorphous silicon layer 800 and the base silicon layer
200 when the second amorphous silicon layer 800 is positioned as shown in FIGs. 8
and 9. The i-type silicon layer may improve interface characteristics between the
amorphous silicon layer 110 and the base silicon layer 200.

Further, although it is not shown, i-type silicon layers may be respectively positioned
between the base silicon layer 200 and the first amorphous silicon layer 110 and
between the base silicon layer 200 and the second amorphous silicon layer 800 when
the first amorphous silicon layer 110 and the second amorphous silicon layer 800 are
positioned as shown in FIGs. 8 and 9.

Further, as shown in FIG. 11, an anti-reflective layer 1100 may be positioned on the
transparent electrode 120. The anti-reflective layer 1100 may suppress reflection of
light coming from the outside to thereby reduce a light reflectance of the solar cell 100.
Hence, the photoelectric transformation efficiency of the solar cell 100 may be

improved.
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Claims

A solar cell comprising:

an n-type or p-type amorphous silicon layer;

a transparent electrode; and

a metal buffer layer between the transparent electrode and the
amorphous silicon layer.

The solar cell of claim 1, wherein the metal buffer layer between the
transparent electrode and the amorphous silicon layer contacts each of
the transparent electrode and the amorphous silicon layer.

The solar cell of claim 1, wherein a thickness of the metal buffer layer
is less than a thickness of the transparent electrode.

The solar cell of claim 1, wherein when a material contained in the
metal buffer layer is called a first material and a material contained in
the transparent electrode is called a second material, a difference
between an electronegativity of the first material and an elec-
tronegativity of silicon (Si) of the amorphous silicon layer is less than a
difference between an electronegativity of the second material and the
electronegativity of silicon of the amorphous silicon layer.

The solar cell of claim 4, wherein the electronegativity of the first
material has a value between the electronegativity of the second
material and the electronegativity of Si.

The solar cell of claim 1, wherein when a material contained in the
metal buffer layer is called a first material and a material contained in
the transparent electrode is called a second material, a difference
between an electronegativity of the first material and an elec-
tronegativity of silicon (Si) of the amorphous silicon layer is less than a
difference between the electronegativity of the first material and an
electronegativity of the second material.

The solar cell of claim 1, wherein a thickness of the metal buffer layer
is approximately 0.1 nm to 100.0 nm.

The solar cell of claim 1, wherein the metal buffer layer contains at
least one of In, Sn, B, Al, Ga, and Zn.

The solar cell of claim 1, wherein when the transparent electrode
contains indium tin oxide (ITO), the metal buffer layer contains at least
one of In and Sn.

The solar cell of claim 1, wherein when the transparent electrode

contains zinc oxide, the metal buffer layer contains at least one of B,
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Al, Ga, and Zn.

The solar cell of claim 1, further comprising a grid electrode elec-
trically connected to the transparent electrode.

The solar cell of claim 1, wherein the metal buffer layer is a metal
oxide layer.

A solar cell comprising:

a base silicon layer formed of crystalline silicon doped with first im-
purities;

an amorphous silicon layer on the base silicon layer, the amorphous
silicon layer being doped with second impurities whose conductive
type is different from the first impurities;

a transparent electrode; and

a metal oxide layer between the transparent electrode and the
amorphous silicon layer.

The solar cell of claim 13, wherein the metal oxide layer between the
transparent electrode and the amorphous silicon layer contacts each of
the transparent electrode and the amorphous silicon layer.

The solar cell of claim 13, wherein a thickness of the metal oxide layer
is less than a thickness of the transparent electrode.

The solar cell of claim 13, wherein a difference between an elec-
tronegativity of the metal oxide layer and an electronegativity of the
amorphous silicon layer is less than a difference between an elec-
tronegativity of the transparent electrode and the electronegativity of
the amorphous silicon layer.

The solar cell of claim 16, wherein the electronegativity of the metal
oxide layer has a value between the electronegativity of the transparent
electrode and the electronegativity of the amorphous silicon layer.

The solar cell of claim 13, wherein a difference between an elec-
tronegativity of the metal oxide layer and an electronegativity of the
amorphous silicon layer is less than a difference between the elec-
tronegativity of the metal oxide layer and an electronegativity of the
transparent electrode.

The solar cell of claim 13, wherein when the transparent electrode
contains indium tin oxide (ITO), the metal oxide layer contains at least
one of In and Sn.

The solar cell of claim 13, wherein when the transparent electrode
contains zinc oxide, the metal oxide layer contains at least one of B, Al,
Ga, and Zn.
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The solar cell of claim 13, further comprising an intrinsic (called i-
type) silicon layer between the base silicon layer and the amorphous
silicon layer.

A solar cell comprising:

a base silicon layer formed of crystalline silicon doped with first im-
purities;

a first amorphous silicon layer on a surface of the base silicon layer, the
first amorphous silicon layer being doped with second impurities whose
conductive type is different from the first impurities;

a second amorphous silicon layer on another surface of the base silicon
layer, the second amorphous silicon layer being doped with third im-
purities whose conductive type is different from the first impurities;

a first metal oxide layer on the first amorphous silicon layer;

a second metal oxide layer on the second amorphous silicon layer;

a first transparent electrode on the first metal oxide layer; and

a second transparent electrode on the second metal oxide layer.

The solar cell of claim 22, wherein the first metal oxide layer and the
second metal oxide layer are formed of the same material.

The solar cell of claim 22, wherein a thickness of the first metal oxide
layer is substantially equal to or less than a thickness of the second

metal oxide layer.
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